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I—The Thermal Decomposition of Ammonia, with 
Particular Reference to the Existence of Active and 
Inactive Phases of Ammonia. 


By WiLi1AM ARTHUR STRINGFELLOW. 


THE work now described was undertaken in order to test the con- 
clusion of Baly and Duncan (J., 1922, 121, 1008) that ammonia 
gas formed by very rapid evaporation of the liquid is decomposed 
less rapidly by a hot platinum wire than that obtained by slow 
evaporation, but their results could not be confirmed. 

The method used was based upon that of Baly and Duncan, so 
far as the information given in their paper allowed. 

Sources of Ammonia.—Two cylinders of liquid ammonia were 
used, one of synthetic ammonia, which was connected directly to 
the apparatus, and the other of gas-works origin, from which liquid 
was drawn off into a vessel, suitably protected from the atmosphere, 
which could then be attached to the apparatus. 

Variation of Rate of Evaporation —Ammonia gas from the cylinder 
or other source was condensed, after passing very slowly through 
two drying tubes, each 70 cm. long and containing quicklime, or 
through an alternative direct connexion, in one or other of the 
three vessels, A, B, or C (Fig. 1). Vessel A was used for slow 
isothermal evaporation; the actual rate of gas formation therefrom 
was about 15 ¢.c. per minute. From B the liquid could be evapor- 
ated very quickly, by allowing it to be forced up the capillary to 
the bulb D by the pressure of its own vapour. Vessel C could be 
wed for rapid boiling by direct heating. From either B or C 
evaporation readily occurred at the rate of 10,000 c.c. of gas per 
minute, and this rate was often exceeded. These alternative 
methods of rapid evaporation gave identical results in the decom- 
position experiments. 

Reaction Vessel.—This vessel, V, which was kept in a thermostat 
maintained at 20°, was provided with inlet and outlet tubes of 
7mm. bore, to cope with the rapid flow of gas. The platinum wire, 
about 9 em. long and of 40 gauge, was welded to stout platinum 
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wires sealed into tubes passing through a “ slip-joint”’ top to the 
vessel, so that the wire could be easily removed and replaced. 
The reaction vessel was connected by a 3-mm. capillary tube over 
1 m. long to a manometer, X, containing xylene, which was chosen 
because it had been used by Baly and Duncan. 

Temperature Control,—The wire was heated by means of a battery 
of accumulators. The time during which current passed was 
recorded on a 1/5-second stop-watch, arranged so that the actual 
“make ”’ and “ break’? movements started and stopped it. 

Current was measured on an open-scale Weston ammeter reading 
direct to 0-02 amp. and allowing easy estimation to 0-002 amp. 
Measurements of #.M.F. also were made in preliminary work, but 
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were discontinued, since actual measurements of the wire temper- 
ature were not desired. Reproducibility of temperature was secured 
by the use of an auxiliary resistance, R, kept at constant temper- 
ature in the thermostat, and roughly equal to the resistance of the 
reaction wire, which could be made to form an alternative path for 
the current by means of the three-way switch. This alternative 
resistance was used suitably to adjust the value of the current 
before making connexion via the reaction wire, and again to check 
it after breaking this connexion. If, in successive experiments, 4 
given current through R corresponds to identical values of current 
through the reaction wire, then, since the P.D. across the latter is 
the same in each case, its resistance and hence the energy input 
must be the same in each experiment. This disposes of the pos- 
sibility that the same current might vause different heating effects, 
due to variation of the resistance. 

Owing to the extra cooling effect caused by the hydrogen formed, 
the resistance of the platinum wire must alter slightly during the 
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course of an experiment. The “ drift’ in the current due to this 
was found to be very small—of the order of 0-002 amp.—during 
the 20-second periods used. No attempt was made, therefore, to 
keep the current constant by continuous adjustment of resistance, 
but in order to ensure more comparable results, its value was always 
read 5 seconds after the reaction started. 

Filling of Reaction Vessel_—The vessel was exhausted fairly 
thoroughly by a ““ Hyvac” pump, after the bulk of any ammonia 
present had first been removed by a water-pump. Sufficient 
ammonia was then allowed to evaporate through it to fill it about 
five times over, the excess escaping via a mercury trap, T. 

Care was usually taken that only a part of the liquid in the 
evaporation vessel was used, about one-third being left behind; 
for, if the effect observed by Baly and Duncan were due to partial 
separation of the constituents of an impure ammonia, the effect 
might be annulled if the residuary portion evaporated. In certain 
instances, indicated in the table below, this’ precaution was not 
observed. The gas filling the reaction vessel was, prior to decom- 
position, brought to exactly 760 mm. pressure by means of a 
capillary leak, L, ard manometer adjustment; M. The reaction 
vessel was in every case heated for a period of 20 seconds, as in 
Baly and Duncan’s experiments. After thermal equilibrium had 
been restored, connexion was made to the xylene manometer and 
the increase in pressure at constant volume recorded. 

Preliminary Experiments.—In a series of decompositions carried 
out with gas direct from the cylinder, without intermediate con- 
densation, somewhat discordant results were obtained. The de- 
composition rate was found to vary considerably, depending upon 
the history of the platinum wire between successive experiments, 
eg., on the time during which vacuum was maintained, and on 
intervals elapsing between operations. By adopting a uniform 
practice in these details the difficulty was largely overcome, but 
variations were always liable to occur after any interruption, and 
results could only be taken as truly comparable when the “ rapid ”’ 
and ‘‘ slow ’? methods were used alternately, in quick succession. 

‘“ Rapid” and “slow” experiments with the unactivated wire, 
in which the ammonia used was (1) synthetic, (2) gas-works, 
(3) quicklime-dried, and (4) undried, gave substantially identical 
results for the rate of decomposition. 

Activation of the Wire:—Attempts were then made to activate 
the wire by the methods described by Baly and Duncan. 

The first method, in which the wire was alternately heated and 
cooléd to about 500° for some hours, failed to produce the results 


claimed. Baly and Duncan do not refer to any actual measurements 
Kg Sup 9 
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of wire temperature, but in the present work temperatures were 
roughly estimated by the brightness of glow, and, both in activation 
and decomposition experiments, a range of temperatures was 
employed (e.g., 600—1100° for decomposition) which must certainly 
have included such values as were used by those authors. This first 
activation process was carried out both in air, at atmospheric pres- 
sure, and in a vacuum (Baly and Duncan do not state the medium). 

The second method, that of heating the wire to bright redness in 
a stream of air and ammonia until its temperature begins to rise 
and it continues to glow when the current is switched off, was also 
tried. In carrying out this process, difficulties arose from the fact 
that traces of ammonium nitrate, formed during the initial stages 
of the ammonia oxidation, condensed on the walls of the vessel. 
This caused a negative pressure drift after admission of ammonia 
for the decomposition experiments, owing to the solubility of 
ammonia in the nitrate, and a positive drift after the decomposition, 
due to the release of ammonia from the solution when its partial 
pressure in the gas phase was reduced. This could be allowed for 
to some extent, but the most satisfactory, though time-consuming, 
method was to remove the wire after activation and clean the 
vessel, taking care not to expose the wire to treatment likely to 
impair its activity, and then to replace it. That this cleaning did 
not affect the activity was shown by the fact that, after it had been 
carried out, the wire was capable of showing the “ after-glow ” 
effect on being heated for a few seconds in an air-ammonia mixture. 

So far, no success has attended repeated attempts to activate a 
wire so that it behaves differently towards the rapidly and the 
slowly formed gas. Several wires have been tried, the temperatures 
during activation have been varied, various proportions of air and 
ammonia have been used, and ammonia—oxygen mixtures have 
also been employed. The time of activation by this second method 
has been prolonged up to 3} hours after the first appearance of the 
after-glow. 

Experiments have been made in which the ammonia has been 
distilled backwards and forwards slowly up to eight times through 
the lime tubes (between bulb A and bulb E), in case it might other- 
wise retain sufficient moisture to annul the effect under investigation, 
for, according to Baly and Duncan, water vapour can render inactive 
ammonia active. No difference in decomposition rate resulted. 

The wire used was of ordinary commercial platinum; and since 
this showed the usual signs of being susceptible to such activation 
as rendered it suitable for ammonia oxidation, it does not appear 
likely that it contained any impurity that would unfit it for demon- 
strating the effect noted by Baly and Duncan. 
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Results. 


Data obtained with five different wires are given below. The 
first column of each table contains observed values (C) of the 
current in amps.; cols. 2 and 3 show the pressure increases (in cm. 
of xylene) P, and P, for slow and rapid evaporation, respectively ; 
cols. 4 and 5 give the corresponding calculated percentage decom- 
positions, ag and xg (corrected, see below); and in the last column 
is given HL, the percentage difference (to the nearest 0-1 unit) between 
the values of 2, and xz, this difference being reckoned positive 
when the decomposition value is greater for slowly evaporated 
ammonia, 7.¢., when it is such as to tend to confirm Baly and 


Duncan’s observation. 

Since it was impossible always to get a pair of identical values 
for C for the corresponding slow and rapid experiments, in all cases 
where these differed the values of xz, given in col. 5 have been 
calculated so as to correspond to a current value equal to that in 
the slow evaporation. The necessary corrections were obtained 
graphically from the values of dx/dC at various values of C. When- 
ever the observed values of the current in corresponding “ slow ” 
and ‘‘ rapid ” experiments differed by more than 0-002 amp., the 
observations were rejected. In 41 out of the 86 observations 
herein recorded, the Cyapia and Cao values were actually identical, 
and the correction necessary in the other cases was in only one case 
greater than 2°% of the value of 2p. 

(a) Wire No. 1, activated by alter- (6) Wire No. 2, after 2 hours’ ac- 
nate heating and cooling to about’ tivation by ‘“ ammonia oxidation ”’ 
500° for 4 hours. method. 

C. Pa. Pr. V3. Le E. Cc. Py. Pr. Ws. he E. 
(1) (1) 
16-44 16-03 2-16 é 15-06 15-82 1-98 
18-14 18-78 2-39 16-47 16-30 2-17 
22-69 22-61 2-99 22-31 22-79 2-94 
29-38 29-14 3-87 32-60 33-48 4-30 
30-96 31-33 4-07 y 
(2) (2) 
17:00 17-09 2-24 18-34 18-22 2-41 
23-76 23-60 3-13 22-67 22-00 2-98 2- 
26-65 26-50 3-51 32-07 31-95 4:22 4:3 
32-26 32-99 4-24 
(3) (3) 
16-02 16-21 2-11 15-92 15-64 2-09 : 
20-40 20-08 2-68 20-97 20-82 2-76 2- 
26-55 26-86 3-49 32-51 33-34 4-28 
31-34 31-49 4-12 
(4) (4) 
15-12 15-01 20-35 20-87 2-68 2-7: 
18-10 18-66 22-68 22-36 2-98 2: 
21-36 21-11 24-95 24-57 3-28 
27-68 27-39 27-50 27-61 3-62 
35-74 35-66 35-93 35-79 4-73 
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(d) Wire No. 4, activated by oxi- 
dation method for about 2 hours in 
air-ammonia mixture, and later for 
1 hour in oxygen—ammonia mixture. 


Ci. Ps. Pr.  &.- i. 


(c) Wire No. 3, activated by heating 
and cooling, followed by 2 hours’ am- 
monia-oxidation treatment. 


C. Ps. Pr. vs. 


1-936* 20-92 
1-940* 21-44 
1-946 22-73 
1-984 29-09 
1-988 30:10 
1-994* 31-78 


21-02 
21-74 
27-85 
32:16 


1-938 
1-942 
1-982 
1-996 


1-894* 17-24 
1-920* 19-95 
1-954* 23-56 
1-970 25-75 
1-984 28-74 


1-890 
1-916 
1-950 
1-974 
1-984 


17-27 
19-29 
23-80 
26-42 
29-86 


(1) 
20-60 2- 
21-65 2- 
22-50 
28-67 
30-24 
31-42 


(2) 


20-77 2-76 2 


21-89 2-86 
28-19 3-66 
31-66 4-23 


(3) 
17-20. 2-27 
19-57 2-63 
23-50 3-10 
25-98 3-39 
29-31 3:78 


(4) 


1-870 
1-948 
2-006 


1-880* 17-24 
1-894* 18-32 
1-936 22-20 
1-966 25-24 


1-862 16-92 
1-910 20-02 
1-972 27-20 
1:990 34-25 
2-002 36-36 


(2) 


16-27, 2-12 2:14 


24-01 3-09 
37-12 4-92 


(2) 
15-78 2-04 
19-39 2-54 
30-30 3-99 
30-06 4-00 


(3) 
16-69 (2-27 
18-39 2-41 
22-68 2-92 
25-03. 3>32 


(4) 
16-20 
20-52 
27-38 
34:16 
36-60 


(e) Wire No. 5, activated for 3} hours by oxidation method. 


1-922 14-77 
1-956* 15-26 
1-988 15-74 
2-046* 17-20 
2-070 17-64 


1-926 14-92 
1-944} 15-10 
1-970} 15°53 
2-024 16°57 
2-056 17-16 
2-148 20-53 


(1) 
15-14 1-94 
16-31 2-01 
15-95 2-07 
17-33 2-26 
17-49 2-32 


(2) 
14-81 
15-42 
15-48 
16-79 
17-02 
20-13 


1-96 
1-99 
2-04 
2-18 
2-26 
2-70 


1-99 
2-01 
2-10 
2-27 
2-29 


1-95 
2-03 
2-04 
2-20 
2-24 
2-66 


1-950 15-22 
1-984* 15-73 
2-058* 17-28 
2-094 18-11 
2-134* 19-65 


1-934+ 14-90 
1-990 15-96 
2-032 16-80 
2-088 17-81 
2-110} 18-64 
2-168 21-58 


(3) 
15-24 2-00 
15-40 2-07 
17-45 2-27 
18-30 2-38 
19-32 2-59 


(4) 
15-23 1- 
15-74 2- 
16-85 
18-04 
18-90 
21-30 


to-toity ty tp 
es bo 
eros 


to 
CO 
S 


* In these experiments the contents of the evaporation vessel were allowed 
to evaporate completely. 

+ In experiments marked thus, the ammonia was distilled several times 
through the drying tubes (see p. 4). 


In the tables, the experiments are classified according as the 
ammonia was (1) synthetic, direct from cylinder; (2) synthetic, 
dried by passing once over lime (except those marked f); (3) gas- 
works, direct from cylinder; (4) gas-works, dried as in (2). 
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Summary of Results. 


No. of expts. giving No. of expts. giving 
Total positive effect, and negative Cfiect, and 
Kind of no. of average value of average value of 
ammonia used. expts. effect. effect. 

Synthetic (undried) 22 12, +1-3% 10, —1-9% 
Synthetic (dried) 20 10, 10% 10, = 14% 
Gas-works (undried) 19 » +1:3% 10, —12% 
Gas-works (dried) 25 12, +1-:1% 13, —1-5% 


Discussion and Conclusions. 


According to Baly and Duncan, rapidly evaporated ammonia 
showed a decrease in reactivity, compared with slowly evaporated, 
of from 25% to 50%, the higher value being obtained for low 
temperatures of the reaction wire. The above data do not in any 
way confirm their results : if anything, they establish a very small 
negative effect, but this may be ascribed to some systematic error 
in the method. In the present work, the “‘ rapid ’”’ experiments 
were in nearly every case made directly after the “slow,’’ whilst 
short intervals separated the latter from the succeeding “rapid ”’ 
ones. 

Baly and Duncan state that “‘ the addition of water vapour very 
greatly increases the amount of decomposition by a definite amount 
of energy.” The present results do not confirm this observation. 
It should be pointed out, however, that Baly and Duncan do not 
specify the degree of wetness or dryness necessary to establish this 
difference, and the variation in moisture content may have been 
greater in their samples. They attribute the effect which they 
observed to the existence of two molecular species in equilibrium 
in liquid ammonia, one of less energy content than the other, and 
they consider that, whereas in slow evaporation all molecules 
assume the more active form on evaporation, in the case of rapid 
ebullition the balance between active and inactive phases to some 
extent persists in the gaseous state. 

The maintenance of this kind of metastable equilibrium in a gas 
phase seems somewhat doubtful. The fact that a heterogeneous 
decomposition was involved in testing the “ reactivity ’’ of the gas 
suggesis at. once that the effect was due to some variation of the 
catalyst surface. Briscoe (Ann. Report, 1922, 19, 37) points out 
that ammonia dried over quicklime may retain a relatively large 
amount of moisture, and in view of Mulliken’s statement (J. Amer. 
Chem. Soc., 1922, 44, 2389), that rapid irreversible distillation may 
effect partial separation even of the constituents of a constant- 
boiling mixture, he suggests that the ammonia gas formed by very 
rapid evaporation may have been appreciably the drier. Smits 
(Proc... K. Akad. Wetensch. Amsterdam, 1923, 26,268) favours this 
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explanation, but the negative results of the present investigation 
do not support it. 

Baly and Duncan refer to a streaming method of filling their 
vessel, and do not mention prior exhaustion of the latter. If air, 
or products of a previous decomposition, were present before the 
ammonia was admitted, it appears possible that, owing to eddies set 
up, very rapid streaming might result in their not being so com- 
pletely displaced as by the slow passage of the same quantity of 
ammonia, and that the presence of adsorbed residuary gases on the 
wire might inhibit the reaction. It is noteworthy that Baly and 
Duncan found the greatest effect for low wire temperatures, at 
which adsorbed gas would be more firmly held. 

It is concluded from the results of the present investigation that 
the effect observed by Baly and Duncan was dependent upon 
factors not explicitly defined in their paper, and did not result 
from the existence of different phases of gaseous ammonia. 


The author wishes to express his thanks to Professor F. G. Donnan, 
F.R.S., for suggesting this research and for his kind advice and 
criticism. 

THe Sr Witiiam Ramsay LABORATORIES OF INORGANIC AND 


PuysicaL CHEMISTRY, UNIVERSITY COLLEGE, 
LonpDon. [Received, November 2nd, 1928.] 





II.—Influence of Poles and Polar Linkings on Tauto- 
merism in the Simple Three-carbon System. Part I. 
Experiments illustrating Prototropy and Anionotropy 
in Trialkylpropenylammonium Derivatives. 


By CHRISTOPHER KELK INGOLD and EvGene Rortuster. 


ONE of the most immediate consequences of the acceptance of the 
electronic theory of valency is that the double-bond displacement 
involved in the various phenomena grouped under the name tau- 
tomerism is to be interpreted as an electron-duplet displacement 
entailing a redistribution of electrical charges (the “ tautomeric 
electron-displacement,” 7'). The study of tautomerism—both of 
cationotropy and anionotropy—is, on this view, a study of the 
conditions affecting charge-distribution by the 7'-displacement ; 
and, since some of the major reactions of Organic Chemistry, as, for 
example, additions to conjugated unsaturated systems, and sub- 
stitutions in aromatic systems, are believed to depend largely on 
this type of charge-transference between carbon atoms, fundamental 
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information is to be gained by an examination of prototropic and 
anionotropic transformations in the true three-carbon system. 

The large accumulation of data, for which we are indebted mainly 
to Kon and Linstead, regarding “three-carbon”’ prototropy 
relates exclusively to systems terminated by unsaturated groups 
such as carbonyl: C[H]}-C:C-C:0—= C:C-C:C-O[H] == C:C-C{H}-C:0. 
The systems are, indeed, pentad (e.g., pentad keto-enol); but in so 
far as the enolic intermediate can be neglected there is some justi- 
fication for regarding them as the equivalent of three-carbon 
systems : the relation between the ketonic forms at equilibrium will 
depend inter alia on anionic charge-distribution in the C-C:C-group 
(Ingold, Shoppee, and Thorpe, J, 1926, 1477). Prototropy in the 
elementary three-carbon system, that is, the C-C:C-group joined to 
saturated radicals only, has not yet been studied, and we have 
therefore undertaken to repair this omission. 

Amongst the saturated groups which suggest themselves as likely 
to fulfil the primary necessity of loosening the potentially mobile 
proton by the attraction of its electrons are —NR,", —SR,", -SO,R, 
-SO,’, and the work here to be described utilises the first of these. 
Since unsaturated diammonium bases of the type 


OH{R,N-CH,-CH:CH-NR,}OH 
(like glutaconic acid, except that -NR, replaces -CO,H) have not yet 
been prepared, some exploratory work was necessary, and it was 
during the examination of a possible route to such compounds that 
we unexpectedly encountered evidence, not only of prototropic, 
but also of anionotropic, mobility * in three-carbon systems 
terminated by one ammonium-salt group only. 

Starting from y-chloroallyl chloride, no difficulty was experienced 
(see scheme below) in obtaining quaternary y-chloroallylammonium 
salts of the type {CHCI°CH-CH,°N(alk),}"X’, but the chlorovinyl 
chlorine atom in these could not be induced to enter into reaction 
with secondary or tertiary amines. This had been anticipated, and 
our plan was to subject the cations of these salts to the attack of an 


anion of high co-ordinating power; the electron-affinity of -NR, 
might then, we supposed, induce the liberation of an «-proton with 
the subsequent formation of the isomeric salts 
{CH,Cl-CH:CH-N(alk),}'X’, 
which, since they are allyl chlorides, should readily react with tertiary 
amines to give the required diammonium compounds. The effect of 
treating the y-chloroally] salts with sodium ethoxide in warm alcohol 
was to produce a series of ethoxy-salts, which were at first thought to 
* Prototropic mobility in such salts was predicted by one of us in 1926 at 


the meeting of the British Association in Oxford. 
B2 
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have the constitution {CH,(OEt)-CH°CH-N(alk),}"X’ ; but their pro. 
perties (especially the difficulty attending the replacement of OEFt 
by Br) aroused suspicion. . Investigation then showed that these salts 
possessed the constitution {CH,.CH-CH(OEt)-N(alk),}"X’, ozonolysis 
yielding, in each case, formaldehyde and an ethoxyaldehydo. 
ammonium salt of the general formula {CHO-CH(OEt)-N(alk),}"X’. 
In retrospect it is obvious that such a result might have been 
anticipated. The potentially mobile atom being shown in square 
brackets, the salts, {CHClCH-CH[H]-N(alk),}"X’, contain a proto- 
tropic system only, but their tautomerides, 
{CH[H]Cl-CH:CH-N(alk),}"X’ = {CH,[Cl]-CH:CH-N(alk),}°X’, 
have in addition an anionotropic system, which, since its mobile 
atom is a halogen, would be expected to function under the con- 
ditions which were established in order to effect the primary proto- 
tropic change (Burton and Ingold, J., 1928, 904). Furthermore, 
the proved connexion (loc. cit.) between the facilitation of an- 
ionotropy by groups and their orienting action in aromatic substitu- 


y macumgsthangenn ® 
tion, when applied to the anionotropic system H-CH-CH-CH—NR, 
(anion omitted), requires that the order of facilitation shall be 


® 
H>NR,; wherefore analogy suggests that the ition of stable 
Sy sugg' pos 


attachment of the mobile anion should be that adjacent to the 
ammonium group. But further, the production of an isomeride 
from a mobile anionotropic system depends on the absence from the 
medium of foreign anions having a greater co-ordinating power 
than that possessed by the anion derived from the system itself 
(Burton, J., 1928, 1650). This condition is not fulfilled in the 
present instance, and it is evident that the chloride ion originally 
eliminated would have small chance of returning to the system in 
the face of competition from the large concentration of ethoxide 
ions present in the medium. Thus, after the reaction, free chloride 
ions are present, ethoxide ions have disappeared, and the original 
chloro-salt has given place to an ethoxy-salt of the constitution 
{CH,:CH-CH(OEt)-N(alk),}"X’. 

Furthermore, our failure to effect replacement of the OEt-group 
in these salts by Br, by methods normally successful with allyl 
ethers, is readily understood, for the same electron-affinity of the 
N(alk)3-group which determines the stable attachment of ethoxy! 
must also cause its shared electrons to be exceptionally deeply 
implicated in the constitution of the «-carbon atom, and must 
accordingly inhibit any reaction involving the separation of ethoxy] 
with these electrons. If this is correct, then, for an exactly similar 
reason, the ammonium group should facilitate the separation of 
ethyl without its shared electrons; in other words, the ethoxy- 





POLAR LINKINGS ON TAUTOMERISM, ETC. PART I. ll 


compounds should in certain respects resemble esters rather than 
ethers. Of course there are limits to the analogy represented by 


R>O>UsNialk)y and R>O>O=0. 

For instance, it would not apply to alkaline saponification, which, in 
the case of carboxylic esters, depends (addition of OH’ at carbonyl) 
on an unsaturated linking absent from the ammonium salts. But 
as regards acid hydrolysis, in which the seat of attack (by hydrogen 
ions) is the unshared electrons of the singly-bound oxygen atom, the 
two systems should show their similarity. Experiment showed that 
the ethoxy-salts are in fact as readily hydrolysed by acids as are 
many carboxylic esters, and we confirmed our view that the presence 
of the vinyl group has nothing to do with the matter by showing 
that the ethoxyaldehydo-salts, obtained by ozonolysis, could be 
hydrolysed in the same way with similar facility. 

Other transformations, which need no special comment, as, for 
instance, ozonolysis of the chloro- and hydroxy-salts to products 
establishing their constitutions, are included in the scheme given 
below, in which R represents methyl or ethyl, and X a univalent 
anion (chloride, acetate, picrate, etc.) or a semi-equivalent of a 
bivalent anion (chloroplatinate) : 


0, 
CHCLCH-CH,Cl ——-> CHCI:CH-CH,-NR, —— > HCl+CO+(?)CHO-CH,-NR, 
R,NH H,0 


r) eo | e @ 6 9 
CHCl-CH:CH-NR, == CHCI:CH-CH-NR, HCl+-CO+CO,H-CH,:NR,}X 


Prototropie change A RX 
OEt’ a oO 
EtOH RAN | y 8 St 


CHCLCH-CH,NR}X*  CH,0-+CHO-CH(OEt)-NR}X 
Y ® © or acids 
CH,Cl-CH:CH-NR,}X eae ae 
wal CH,:CH-CH(OEt)-NR,}X\ _ CH,0-+-CHO-CH(OH)-NR)}X 
owt % 0,'|'H,0 
® @ 


s Y 2 a @ °s6 
{CH,-CH:CH-NR,}X, => {CH,:CH-CH-NR,}X CH,:CH-CH(OH)-NR,}X 
Anionotropic change 


— aw ODO Owe SS © eS D ¢C 





EXPERIMENTAL 


Diethyl-y-chloroallylamine and its Salts.—y-Chloroallyl chloride 
(10 g.) was mixed with diethylamine (14 g.) under an efficient 
reflux condenser. When the vigorous reaction had ceased, the 
product was mixed with aqueous sodium hydroxide and extracted 
with ether; thereafter diethyl-y-chloroallylamine was obtained as a 
colourless liquid, b. p. 55°/9 mm. (yield, 75%). The hydrochloride 
was very soluble in water, but separated from acetone in plates, 
m. p. 221°. The picrate crystallised from water in prismatic needles, 


l= er S lO eel 
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m. p. 78° (Found : C, 41-7; H, 4-7. C,3H,,O;N,Cl requires C, 41-4; 
H, 45%). 

Triethyl- y-chloroallylammonium Salts.—(a) The tertiary base (7 g.) 
was warmed with ethyl iodide (15 g.) in ethyl alcohol (10 c.c.) under 
reflux, and the quaternary iodide precipitated as a pale yellow, 
crystalline solid by addition of much ether. It was dissolved in 
alcohol, reprecipitated by the addition of ether, and crystallised 
from acetone, from which it separated in needles, m. p. 210°. Treat- 
ment with aqueous sodium picrate gave a picrate, which crystallised 
from water in narrow prisms, m. p. 125° (Found: C, 43-8; H, 5:3. 
C,;H,,0,N,Cl requires C, 44-5; H, 5-1%). 

(6) A mixture of y-chloroallyl chloride (15 g.), triethylamine (15 g.), 
and ethyl alcohol (15 c.c.) was heated under reflux for 20 minutes 
with precautions agdinst entrance of moisture. After 14 hours, 
ether (600 c.c.) was added and the hygroscopic chloride collected. 
This on treatment with sodium picrate gave the above picrate. 
Interconversion of the chloride and iodide has been effected through 
the hydroxide obtained from either with silver oxide and water. 

The complete series of transformations, including ozonolysis, 
described below, the starting point of which was a triethyl-y- 
chloroallylammonium salt, has been carried out in duplicate with 
material prepared by the methods (a) and (6). These salts could not 
be induced to react with triethylamine at temperatures up to 100°. 

Trimethyl-y-chloroallylammonium Salts.—y-Chloroallyl chloride 
(20 g.) was added with cooling, under reflux, to alcoholic trimethyl- 
amine (68 c.c. of 33% solution). After the completion of the reaction 
the deliquescent chloride was precipitated with ether (600 c.c.), and 
crystallised from acetone, from which crystals separated, m. p. 63°, 
which on drying in a vacuum effloresced, leaving a microcrystalline 
powder, m. p. 193° (Found: Cl’, 20-5. {C,H,,NCI}Cl’ requires 
Cl’, 20-9%). The corresponding picrate separated from water or dilute 
alcohol in needles, m. p. 141° (Found: C, 39-9; H, 4-4. C,,.H,,0,N,Cl 
requires C, 39-7; H, 4:2%). These salts did not react with diethyl- 
amine or triethylamine at temperatures up to 100°. 

Triethyl -«-ethoxyallylammonium Salts. — Triethyl-y-chloroally] - 
ammonium chloride (or iodide) was warmed with an alcoholic 
solution of sodium ethoxide (2 mols.) prepared from sodium (5-5 g.) 
and ethyl alcohol (90 g.). When no further quantity of sodium 
chloride separated (or after an equal time in the case in which the 
iodide was used), the solution was filtered and evaporated below 
60°. The residual ethoxide was converted into the picrate by the 
addition of alcoholic picric acid. The salt separated from ethy! 
alcohol in narrow prisms, m. p. 122—123° (Found : C, 48-9; H, 6-2; 
OEt, 11-3. C,,;H,,O,N, requires C, 49-3; H, 6-3; OEt, 10-9%). 
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Trimethyl-«-ethoxyallylammonium Salts.—The ethoxide was pre- 
pared in a similar way from trimethyl-y-chloroallylammonium 
chloride, and converted into the picrate, which separated from ethyl 
alcohol in narrow prisms, m. p. 111—112° (Found: C, 45-2; H, 5-6; 
OEt, 12-2. C,H, 0,N, requires C, 45-2; H, 5-4; OEt, 12-1%). 

Triethyl-«-hydroxyallylammonium Salts.—Triethy1-«-ethoxyally1- 
ammonium chloride, prepared from the ethoxide, was warmed for a 
short time with concentrated hydrochloric acid, and the excess of 
acid evaporated. The residual chloride was a viscous syrup which 
could not be crystallised, but the addition of aqueous sodium 
picrate yielded a picrate, which crystallised from water in prismatic 
needles, m. p. 145°, and chloroplatinic acid gave a chloroplatinate, 
which separated from water in orange needles (Found: C, 29-7; 
H, 5-5. C,gHyO,N,Cl,Pt requires C, 29-8; H, 5-5%). 

Trimethyl-«-hydroxyallylammonium Salts.—The chloride was 
obtained as an uncrystallisable syrup from trimethyl-«-ethoxyally]- 
ammonium chloride, as in the last experiment. The picrate 
separated from dilute alcohol in prisms, m. p. 149° (Found : C, 42-1; 
H, 5-0. C,,.H,,0,N, requires C, 41-9; H, 4-7%). 

Fission by Ozone of Diethyl-y-chloroallylamine : Formation of 
Hydrogen Chloride, Carbon Monoxide, and a Base.—A solution of 
the amine in ligroin was treated with ozonised oxygen for 24 hours. 
A deep red, liquid ozonide separated from solution as a lower layer. 
It was boiled with water, in which it dissolved; carbon monoxide 
was evolved (gas, insoluble in a solution of p-nitrophenylhydrazine 
acetate, giving blue flame on ignition in air), and chloride ions 
appeared in the solution, which was acid to litmus. The non- 
precipitation of a p-nitrophenylhydrazone indicated the absence 
of formaldehyde. The concentrated residual solution gave a 
chloroplatinate, which owing to its instability was difficult to purify, 
but which from its properties and composition in the crude state 
may have been the chloroplatinate of diethylaminoacetaldehyde, 
although we cannot assert this definitely. 

Fission by Ozone of Trimethyl-y-chloroallyiammonium Chloride : 
Formation of Hydrogen Chloride, Carbon Monoxide, and Betaine.— 
The chloride (5 g.), dissolved in pure acetic acid (30 c.c.), was treated 
with ozonised oxygen for 48 hours, during which the crystalline . 
ozonide-salt was precipitated. The mixture was boiled with water 
(100 c.c.) and the evolved gas was passed through a solution of 
p-nitrophenylhydrazine acetate contained in a bulb attached to the 
top of the reflux : no p-nitrophenylhydrazone was obtained. The 
solution contained free hydrochloric acid, since it contained chloride 
ions and was acid to Congo-red. It was evaporated and the base 
converted into its picrate, which had m. p. 183° and was identified 
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as betaine picrate by analysis and direct comparison (Found: (, 
38:1; H, 4-2. Cale.: C, 38-2; H, 41%). 

Fission by Ozone of Trimethyl-«-ethoxyallylammonium Acetate : 
Formation of Formaldehyde and Trimethylethoxyaldehydomethyl- 
ammonium Salis——The formation and the decomposition of the 
ozonide were carried out in acetic acid as above. After a test 
portion had been distilled for the identification of formaldehyde, 
the liquid was evaporated and the residue treated with aqueous 
sodium picrate. T'rimethylethoxyaldehydomethylammonium picrate, 
which was thus obtained, separated from moist ethyl alcohol in 
prisms, m. p. 168° (Found : C, 41-9; H, 5-0; OEt, 11:8. C,,H,,0,N, 
requires C, 41-7; H, 4-9; OEt, 12-0%).. We were unable to obtain 
a semicarbazone salt, but found that the above picrate slowly 
neutralised one equivalent. of alkali hydroxide in dilute solution. 

Trimethylhydroxyaldehydomethylammonium  Salis—The above 
ethoxyaldehydo-salt was warmed with concentrated hydrochloric 
acid, and the excess of acid evaporated. The picrate obtained 
from the residue crystallised from water in prisms, m. p. 182—184° 
(Found: C, 38-8; H, 4:2. C,,H,,0,N, requires C, 38-1; H, 4-0%). 

Fission by Ozone of Trimethyl-a-hydroxyallylammonium Acetate.— 
The experiment being carried out as in the case of the corresponding 
a-ethoxy-salt, the products were formaldehyde and the preceding 
hydroxyaldehydo-salt. 

Fission by Ozone of Triethyl-«-ethoxyallylammonium Acetate.— 
The decomposition was conducted as deseribed for the trimethyl 
analogue, and the basic fraction treated with sodium piecrate; 
the products were formaldehyde and triethylethoxyaldehydomethyl- 
ammonium picrate, which crystallised from absolute ethyl alcohol 
in long prisms, m. p. 110—111° (Found : C, 46-1; H, 5-9. C,gH,,0.N, 
requires C, 46-2; H, 5-8%). 

Triethylhydroxyaldehydomethylammonium Salts.—The picrate was 
obtained as prisms, m. p. 195—196°, from-the corresponding ethoxy- 
salt by hydrolysis with hydrochloric acid, and was crystallised 
from dilute alcoho] (Found : C, 43-7; H, 5-3. C,H 90 N4 requires 
C, 43-3; H, 5-2%). It is sparingly soluble in absolute alcohol. 

Fission by Ozone of Triethyl-«-hydroxyallylammonium Acetate.— 
The decomposition was carried out as in the case of the ethoxyally!- 
salt; the products were formaldehyde and the preceding hydroxy- 
aldehydo-salt. 


We wish to record our thanks to the Chemical Society and the 
Royal Society for grants from which this work received considerable 
assistance. 


THe University, LEEDs. [Received, November 19th, 1928.] 
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III.—Stereoisomerism of Disulphoxides and Related 
Substances. Part IV. Di- and Tri-sulphoxides 
of Trimethylene Trisulphide. 


By Ernest VERE BELL and Grorce Macponatp BENNETT. 


STEREOCHEMICAL theory indicates the possibility of two disulph- 
oxides and two trisulphoxides derived from the cyclic trimethylene 
trisulphide. A crystalline trisulphoxide was prepared by Hinsberg 
(J. pr. Chem., 1912, 85, 337), who subsequently announced that the 
small, almost insoluble residue rejected in its purification was an 
isomeric trioxide (ibid., 1914, 89, 547). On the other hand, Fromm 
and Schultis (Ber., 1923, 56, 937) contended that the latter substance 
is not a true sulphoxide of trimethylene trisulphide but a compound 
of high molecular weight. A single crystalline disulphoxide was 
also isolated by Hinsberg (J. pr. Chem., 1913, 88, 49). We have 
reinvestigated the oxidation of pure trimethylene trisulphide and 
have isolated a monoxide, two dioxides and two trioxides, and the 
relationships which exist between them lead to an exact determin- 
ation of their configurations. 

The practical problem involved was solved by the method of 
oxidation described in Part IT (J., 1928, 86).. Fromm and Ungar 
(Ber., 1923, 56, 2286) had reported that the oxidation of dithian 
with one molecular proportion of hydrogen peroxide yielded its 
dioxide, some of the sulphide being unchanged. It appeared to us, 
nevertheless, that a monoxide should be capable of existence and 
must oecur as an intermediate. in this oxidation. The carefully 
controlled oxidation of dithian did, in fact, yield the monoxide. 
When trimethylene trisulphide was oxidised by this method, it also 
furnished a monoxide. This was subjected to further cautious 
oxidation, and by fractional crystallisation of the product from water 
three distinct crystalline substances were isolated all having the 
composition and molecular weight of a dioxide of the parent sulphide. 
There had, however, been indications that two of these substances 
were polymorphic forms of one chemical individual. This poly- 
morphism was confirmed by the direct interconversion of the two 
forms. Sidgwick’s test (J., 1915, 107, 672) was applied and the 
results indicate that the three substances are a pair of polymorphic 
forms of an «-disulphoxide and an entirely distinct $-disulphoxide. 
Crystals of these substances suitable for goniometry have not been 
obtained, but their character is illustrated by photomicrographs 
of the «-dioxide (Fig. 1, labile form; Fig. 2, labile form partly 
converted into the stable form; Fig. 3, stable form) and the 
6-dioxide (Fig. 4). 
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When these dioxides were subjected to further oxidation, each 
yielded the «-trioxide, but oxidation of the §-dioxide gave in 
addition a second (§)-trioride more than ten times as soluble in 
water as its isomeride. A careful search showed that none of this 
substance was present in the product of oxidation of the «-dioxide. 

It is clear that Hinsberg’s dioxide is identical with our §-dioxide 
and that his crystalline trioxide is identical with our «-trioxide. 
The sparingly soluble “ trioxide”’ is entirely different from our 
8-trioxide and therefore our results confirm the criticism of Fromm 
and Schultis. 

Gentle reduction of any of the five oxidation products we describe 
yields the parent trisulphide. 

A consideration of the results of oxidising the two dioxides shows 
that the «-dioxide must have the trans-configuration (I) and the 
orgs’ the cis-configuration (II). 


ae " 
a ote ew: one" mi I 


_ on: pa | ‘Kou rahaih 


S+ 
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For the addition of an oxygen atom to (I) must yield a single 
trioxide (III) whether the added atom be above or below the plane 
of the ring. But, on the other hand, the cis-configuration (II) must 
on oxidation produce a mixture of isomerides having the cis-trans- 
(III) and the cis-cis-configuration (IV). It also follows that the 
«-trioxide, being the common oxidation product of both dioxides, 
is represented by (III), and the 8-trioxide has the cis-cis-configur- 
ation (IV). 

The genetic relationships between these substances thus lead to 
an absolute proof of their stereochemical structures. This is of 
great interest at a time when the possibility of the closure of a ring 
between groups in the trans-position, the new conception of the 
Beckmann transformation, and complications of the type of the 
Walden inversion introdude an uncertainty into many similar 
stereochemical problems. It is reassuring to notice that the con- 
figurations deduced above are in agreement with those which might 
have been tentatively assumed from the solubility relations of the 
isomerides : the cis ($)-dioxide is more soluble in water than its 
trans («)-isomeride and the cis-cis (8)-trioxide much more so than 
the cis-trans («)-isomeride. This lends considerable support to the 
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allocation of formulz to the two dioxides of dithian which we made 
in Part I (J., 1927, 1799). 

The configurative relationships between the di- and tri-sulphoxides 
described above are closely analogous to those involved in the work 
of Perkin and Robinson (J., 1921, 119, 1392) on ethyl dibromo- 
adipate and still more in that of Ing and Perkin (J., 1925, 127, 
2387) on the dibromoglutaric esters. The latter authors found that 
two stereoisomeric methyl] ««’-dibromoglutarates, each by a malonic 
ester condensation, yielded two isomeric cyclobutane-1 : 2: 2 : 3- 
tetracarboxylic esters. One of these esters by hydrolysis and loss 
of carbon dioxide gave a single trans-cyclobutane-1 : 2 : 3-tricarb- 
oxylic acid, whereas the other yielded a mixture of this acid with 
its cis-isomeride. The principle of Ing and Perkin which we have 
utilised should have led to a determination of the configuration of 
the original dibromo-esters, but the results point to a partial 
interconversion of stereoisomerides and are therefore inconclusive. 
No configurative changes of this type can have occurred in our 
experiments, for the trimethylene trisulphide ring remained intact 
throughout and the reactions involved are practically quantitative 
at laboratory temperature. 

The large number of analyses used to control the fractional 
crystallisations involved in this investigation would have been 


almost impossible from the point of view of either time or cost but 
for the macro-modification of Pregl’s determination of sulphur which 
we have recently described (J., 1928, 3192). 


EXPERIMENTAL. 


Oxidation of Trimethylene Trisulphide to a Monoxide.—Carefuliy 
purified acetone (4 1.) and trimethylene trisulphide (recrystallised 
successively from glacial acetic acid and xylene; 39-2 g.) were 
stirred together at 40° while a solution of hydrogen peroxide (35-8 g. 
of 27% strength in 400 c.c. of acetone) was run in drop by drop 
during 6 hours. After 12 hours, the solvent was evaporated and 
the solid residue was extracted with hot water, 7 g. of trimethylene 
trisulphide remaining undissolved. The material recovered from 
the water by evaporation was further freed from dioxide by ex- 
traction of the monoxide with absolute ethyl alcohol. This sub- 
stance (14 g.) was finally recrystallised several times from water. 
Trimethylene trisulphide monoxide forms colourless needles with a 
straight extinction and a high double refraction, m. p. 187° (Found : 
8, 62-3. C,H,OS, requires 8, 62-3%). It is easily soluble in warm 
but less soluble in cold water or acetic acid, and moderately easily 
soluble in ethyl alcohol or acetone. 

Oxidation of the Monoxide to the Isomeric Dioxides.—The mon- 
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oxide (30-7 g. collected from three of the above-described oxidations), 
dissolved in glacial acetic acid (750 c.c.), was kept stirred at room 
temperature during the addition, over a period of 6 hours, of the 
calculated amount of hydrogen peroxide (25-2 g. of 27% strength in 
375 c.c. of acetic acid). After 12 hours, the acetic acid was distilled 
under reduced pressure below 50°. The crude oxidation product was 
separated by a long process of fractional crystallisation from water 
into the labile and stable forms of the «-dioxide and the §-dioxide. 
a-T'rimethylene trisulphide dioxide (yield, 6 g.) decomposes at 
220—280° and is dimorphous. The labile form crystallises from 
water in almost square plates with a high double refraction and an 
extinetion angle of 16° (Found: C, 21-0; H, 3-6; 8, 56-35. C,H,O,S8, 
requires C, 21:2; H, 8-5; S, 56°5%). The stable form crystallises 
from water in stout monoclinic prisms with an extinction angle of 35° 
(Found: C, 20:8; H, 3-7; 8, 56-6%. M, cryoscopic in water, 174, 
206. C,H,O,S, requires MV, 170).. When this form is recrystallised 
from water, it often, but not always, separates in the labile form. 
The latter, on standing in contact with the solution from which it 
has crystallised, changes more or less rapidly into the stable form. 
The §-trimethylene trisulphide dioxide (yield, 4 g.) decomposes at 
200—215° (Found: C, 21-2; H, 3-5; 8, 56-4; M, 153, 174). It 
crystallises from water in bundles of pointed needles having an 
extinction angle of 32°. Both «- and £-dioxides are sparingly 
soluble in most organic solvents, but soluble in acetic acid. 
Solubilities of the Isomerides and Proof of the Polymorphism.— 
The solubilities of the stable form of the «-dioxide and of the 
6-dioxide were determined by evaporation of a weighed sample of 
an aqueous solution which had been stirred with the solid for 3 
hours in a thermostat at 25-0°. 100 G. of water at 25° dissolve 
1-70 g. of the «-dioxide, and 4-53 g. of the B-dioxide. 
The following results were obtained by Sidgwick’s cryoscopic 
method with water as solvent : 


Depression with a-dioxide (labile) 

a-dioxide (stable) 

a-dioxide (labile and stable) 
B-dioxide 

- - B-dioxide and a-dioxide (stable) 


These figures show that the two forms of «-dioxide are polymorphic 
and the §-dioxide is isomeric. 

Oxidation of the Isomeric Dioxides.—The «-dioxide (2-45 g.), dis- 
solved in acetic acid (100 c.c.), was stirred at laboratory temperature 
while, during 1 hour, 50 c.c. of a solution of hydrogen peroxide 
(38-6 g. of 25-4% strength in 1 1. of acetic acid) were added. After 
12 hours, the acetic acid was distilled under diminished pressure. 
The residue (yield, nearly quantitative) consisted of the single 


9? 9? 
9? 9? 


>’? 9? 
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substance «-trimethylene trisulphoxide and crystallised from water 
in bundles of radiating minute prisms with oblique extinction, 
decomp. 230—280° (Found: §, 51-2. Cale. for C,H,0,8,: S, 
51-6%). It is insoluble in alcohol or acetone, and sparingly soluble 
in acetic acid or water. 

The @-dioxide was oxidised in a precisely similar manner. The 
crude product (2-9 g.) was separated by fractional crystallisation 
from water into the «-trioxide described above (Found : S, 51-5%) 
and the 8-trimethylene trisulphoxide, which crystallised from water in 
minute separate prisms with an extinction angle of 32°, decomp. 
220—260° (Found : 8, 52-0%). This substance is sparingly soluble 
in aleohol, acetone, and other organic solvents and moderately 
easily soluble in acetic acid or cold water. 

Solubilities of the Isomeric Trioxides in Water.—The solubilities, 
determined as before, are: 100g. of water at 25-0° dissolve 0-134 g. 
of the «-trioxide and 1-437 g. of the 8-trioxide. 

Reduction of the Sulphoxides.—The «- and §-dioxides and the 
«- and §-trioxides were each reduced by means of zinc dust and 
dilute hydrochloric acid to the parent trimethylene trisulphide, 
which was identified by its melting point and that of a mixture with 
the trisulphide. 

Oxidation of Trimethylene Trisulphide to the Trioxide.—The 
finely powdered trisulphide was kept for a week ‘with hydrogen 
peroxide (3 mols.) in acetic acid, and the solution filtered. The 
solid residue, recrystallised from water, yielded the pure «-trioxide 
(Found: §, 51-1%): The acetic acid was removed from the 
solution by distillation in steam and evaporation on the steam-bath. 
There remained a mixture of the disulphoxides (Found : 8, 553%). 

Examination of Hinsberg’s Supposed Isomeric Form of Tri- 
methylene Trisulphide.—Trimethylene trisulphide was heated with 
hydriodic acid (d 1-7) for 14 hours at 100°. Water was added, and 
the product was filtered off and washed successively with water, 
thiosulphate, and again with water. It was a pale brown, crystalline 
substance, m. p. 247° (decomp.), and evolved a trace of hydrogen 
sulphide above its melting point. Recrystallisation converted it 
into the ordinary trisulphide of m. p. 216°. The determination of 
its molecular weight was therefore not feasible. The composition 
(Found: I, 0-9; C, 24-6, 24-7; H, 4-6, 4:4; S (as BaSO,), 68-6. 
CH,S requires C, 26-1; H, 4:35; S, 69-55%], after allowance has 
been made for the small amount of iodine present, is still different 
from that of a polymeride of CH,S. There would appear to be some 
oxygen in the substance. 


THe Untversity, SHEFFIELD. [Received, Novemher 30th, 1928.] 
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IV.—The Synthesis of meso-Alkyl and meso-Aryl 
Anthracene Derivatives. Part V. 


By EpwarpD DE Barry BARNETT and NORMAN FREDERICK 
Goopway. 


Tse formation of an alkyl or aryl dihydroanthranol (II) and the 
formation from it of the meso-alkyl or meso-aryl anthracene (III) by 
transannular loss of water by the action of a Grignard solution on an 
anthrone (I) (for references to earlier work see Part II, J., 1927, 
1725; also Cook, J., 1928, 2798) are profoundly influenced by 
substituents both in the meso-positions and also in the side rings. 
rx R-C-OH on 

(I.) X x X< >X (H.) X< | >X (HL) 
CH, CH, in 


In the case of 1 : 5-dichloroanthrone the method leads to satis- 
factory yields of the meso-methyl-, -ethyl-, and -benzyl-anthracene, 
but bréaks down with the other magnesium alky] halides (Barnett, 
Cook, and Matthews, Ber., 1926, 59, 2863; 1927, 60, 2353). 1 : 5-Di- 
chloro-9-methylanthrone (Barnett and Cook, Ber., 1928, 61, 314), 
1 : 5-dichloro-9-benzylanthrone (Barnett and Cook, J., 1928, 566), 
and 1 : 5-dichloro-9-phenylanthrone (Barnett, Cook, and Wiltshire. 
J., 1927, 1724) behave in much the same way, but it seemed possible 
that better results might be obtained with 1 : 5-dichloro-9-benz- 
hydrylanthrone (IV) (readily obtained by boiling 1 : 5-dichloro- 
anthrone with benzhydry] chloride and caustic alkali), as this shows 
hardly any tendency to enolise to the anthranol; and as the result- 
ing dihydroanthranol (V) might be expected to lose the benzhydry! 
group easily (compare the conversion of tribenzyldihydroanthranol 
into 9 : 10-dibenzylanthracene; Barnett and Cook, J., 1928, 566: 
and the facile reduction of dianthrone to anthrone; Barnett and 
Matthews, J., 1923, 123, 380), this would permit of an indirect 
method of preparing the higher alkyl dichloroanthracenes. 

These expectations have been only partly fulfilled, as, although 
1 : 5-dichloro-9-benzhydrylanthrone does give crystalline dihydro- 
anthranols when treated with a Grignard solution, the yields 
obtained are very poor (about 5%) except in the cases of the methyl, 
benzyl, and ve ee compounds. 

R:-C-OH ' HO-C-R 
C,H. cle Sc, H,Cl C,H,Cl< >C,H,Cl C,H ne >C,H,C! 
H-CCHPh, H-C-CHPh, H-C-CHPh, 
(IV.) (V.) (VI.) 

The loss of benzhydrol takes place even more easily than would be 

expected, as brief heating on the water-bath with acetic acid con- 
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taining a little hydrochloric acid resulted in the production of methyl-, 
ethyl-, benzyl-, and phenyl-dichloroanthracene. That transannular 
loss of benzhydrol takes place in preference to transannular loss of 
water suggests configuration (V) rather than configuration (V1) for 
the dihydroanthranol, and benzhydryldichloroanthrone itself, on 
reduction both in acid and in alkaline solution, loses its benzhydry]l 
group and passes into dichloroanthracene, possibly owing to trans- 
annular loss of benzhydrol from the dihydroanthranol which is 
probably first formed during the reduction. 

Phenylbenzhydryldichlorodihydroanthranol (V, R = Ph) undergoes 
change on thermal treatment in boiling xylene and passes into an 
isomeric substance. This may be the geometrical isomeride repre- 
sented by (V1), or the isomerism may be due to the non-coplanar 
arrangement of the anthracene ring system, of which evidence has 
recently been obtained by Schlenk (Annalen, 1928, 463, i). . As 
both isomerides undergo facile transannular loss of benzhydrol with 
formation of 1: 5-dichloro-9-phenylanthracene, the balance of 
evidence is rather in favour of the latter type of isomerism; at 
present, however, methods of obtaining definite proof are not 
available. 

EXPERIMENTAL, 

1 : 5-Dichloro-9-benzhydrylanthrone (IV).—1 : 5-Dichloroanthrone 
(20 g.), potassium hydroxide (200 c.c. of 20% solution), and crude 
benzhydryl chloride (40 c.c.) were boiled under reflux until the 
liquid, which at first was almost black, became pale in colour (about 
30 minutes). The cooled product was washed with water and then 
triturated with a little cold ether in order to remove resinous by- 
products. After recrystallisation from methyl ethyl ketone or 
ethyl acetate it formed colourless, glistening crystals, m. p. 191°. 
It gave scarcely any colour with boiling alcoholic alkali and all 
attempts to obtain an acetate of the corresponding anthranol failed 
(Found : C, 75-3; H, 43. C,,H,,OCI, requires C, 75-5; H, 4-2%). 

The yield of the above compound does not exceed 50% owing 
to the simultaneous formation of a yellow, resinous substance. 
This was recovered from the ethereal washings but could not be 
made to crystallise. 

Reduction of 1 : 5-Dichloro-9-benzhydrylanthrone.—Reduction was 
carried out (a) with zinc dust and caustic potash in alcoholic solution, 
(b) with zine dust and hydrochloric acid in acetic acid solution. In 
each case 1 : 5-dichloroanthracene resulted and was identified by 
direct comparison with an authentic sample, and in each case the 
liquor smelt strongly of diphenylmethane. 

Action of Grignard Reagents on 1 : 5-Dichloro-9-benzhydrylanthrone. 
—In each case the finely powdered anthrone (4-3 g.; 0-01 mol.) was 
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added to an ethereal Grignard solution prepared from 0-72 g. 
(0-03 mol.) of magnesium, and after being kept for 30 minutes in the 
freezing mixture and for 4—5 hours at the ordinary temperature the 
whole was poured on a mixture of ice and solid ammonium chloride, 
In the cases of the methyl, benzyl, and phenyl compounds the greater 
part of the resulting dihydroanthranol (V) was obtained directly 
in the solid state, and further amounts were obtained by evaporation 
of the washed ethereal solution. In all other cases the product was 
completely and easily soluble in ether and evaporation of the washed 
solution resulted in a viscous oil from which small quantities of the 
crystalline dihydroanthranol were obtained by cautious treatment 
with aqueous acetone, keeping over-night in contact with the solvent 
frequently being necessary. In these cases the yield did not exceed 
5%. Purification of the crude dihydroanthranol was effected by 
recrystallisation from aqueous acetone, and the resulting colourless 
crystals were dried in the steam-oven before analysis. 

No dihydroanthranol could be isolated when benzhydryldichloro. 
anthrone was treated with magnesium p-anisyl bromide, magnesium 
o-tolyl bromide, or magnesium «-naphthyl bromide, the only solid 
product being the unchanged anthrone even when the preparation 
was kept over-night before being poured on ice and ammonium 
chloride. 

In the following table the melting points and analytical data of 
the dihydroanthranols are recorded, the calculated figures being 
given in parentheses. 

nS om M.p. Cl, %. Alkyl or aryl group. M.p. Cl, %. 
16-3.(16-0)  iso- 212° 14-6 (14-6) 
15-7(15°5) i 14-3 (14:2) 
15-0 (15-0) wP 13-8 (13:6) 
15-0 (15-0) i 
14-5 (14-6) from methyl ethyl 


ketone and rapidly 
from toluene) 13-9 (14-0) 


The methyl, ethyl, benzyl, and phenyl compounds mentioned 
above, when heated on the water-bath with acetic acid containing 
a little hydrochloric acid, passed very easily into the corresponding 
alkyl (or phenyl) anthragene (identified by direct comparison with 
authentic samples). The amounts of the other dihydroanthranols 
were too small to allow their behaviour to be examined. 

iso-1 : 5-Dichloro-9-phenyl-10-benzhydryl-9 : 10-dihydroanthranol 
(V or VI, R = Ph).—The phenyldihydroanthranol included in the 
foregoing table maintained a constant melting point so long 4s 
recrystallisation was effected from a solvent with a low boiling point 
(methyl ethyl ketone or toluene). Recrystallisation from xylene, 
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however, led to a progressive rise in melting point, and when 1-5 
g. of the substance were boiled under reflux with 20 c.c. of xylene 
for 4 hours the product obtained melted at 271° and showed no 
change in melting point on further thermal treatment (Found : 
Cl, 14-2. C,H,,O0Cl, requires Cl, 14-0%). ‘This product, on treat- 
ment on the water-bath with acetic acid containing hydrochloric 
acid, passed easily into 1 : 5-dichloro-9-phenylanthracene. 


One of the authors (E. de B. B.) desires to express his thanks to 
Imperial Chemical Industries Ltd. for a grant from which some of 
the cost of this research has been defrayed. 


Sm Joun Cass TeEcHNiIcAL INSTITUTE, 
Lonvon, E.C. 3. [Received, November 26th, 1928.] 








V.—Researches in the Menthone Series.. Part VI. The 
Crystallisation of Menthylamines with Optically 
Active Acids. 


By Joun ReaD, CATHERINE CaSSELS STEELE, and PETER 
GEORGE CARTER. 


It has been shown (J., 1926, 2209; 1927, 2168) that l-, d-neo-, 
d-iso-, and d-neoiso-menthylamine may be prepared easily from 
l-piperitone, and the externally compensated forms of the first 
three of these stereoisomeric bases from dl-piperitone (J., 1926, 
2223). So far, however, no convenient method of obtaining the 
enantiomerides of the above active forms has been described; for 
although d-piperitone and d-menthol might serve for the purpose 
(J., 1926, 2214; J. Soc. Chem. Ind., 1927, 46, 871), these substances 
may be secured only with considerable difficulty and in small 
amounts. 

As a result of an examination of possible methods for the optical 
resolution of dl-, dl-neo-, and dl-iso-menthylamine with the aid of 
optically active acids, we are now able to describe satisfactory 
processes for the preparation in quantity of d-menthylamine and 
l-neo-menthylamine. The first of these results may be regarded 
as particularly important, since it not only furnishes a new optically 
active base of unusual interest but also opens up a new route to 
d-menthol, which may be obtained by the interaction of d-menthyl- 
amine with nitrous acid. 

dl-Menthylamine and dl-neo-menthylamine were resolved . by 
fractionally crystallising the hydrogen d-tartrates in the usual 
way; in each instance the salt containing the desired form of the 
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base (dAdB and dAIB, respectively) was fortunately the less soluble 
of the two diastereoisomerides. dl-iso-Menthylamine was not 
resolved when treated in a similar way. Altogether, four methods 
of resolution were applied to each of the three externally com- 
pensated bases under consideration, the salts examined being the 
d(or l)-«-bromocamphor-z-sulphonates, d(or /)-camphor-10-sulphon- 
ates, and the normal and hydrogen d-tartrates. Complete resolu- 
tion was achieved only in the two instances noted, but a study of 
the behaviour of the other salts concerned has disclosed results of 
considerable general interest. The appended table contains a 
summary of the molecular rotatory powers in dilute aqueous 
solution of the optically pure salts, prepared in the majority of 
instances by mixing equivalent weights of the optically active 
acid and base and recrystallising the product. The values of 
[M}], for the acidic and basic ions in dilute aqueous solution are 
taken as follows: «-bromocamphor-z-sulphonic acid + 279° (J., 
1910, 97, 2201), camphor-10-sulphonic acid -+ 50° (J., 1910, 97, 
2214), d-tartaric acid + 42° for the acid salts (Meyer und Jacobson, 
“Lehrbuch der organischen Chemie,” 1913, I, ii, 666), /-menthy]l- 
amine — 70°, d-neo-menthylamine + 41°, and d-iso-menthylamine 
+ 45° (J., 1927, 2169). The observed value for each salt is stated 
immediately below the value calculated for it from the data just 
quoted. 
TaBLe I. 
Values of [M]p, calculated and observed, for salis of certain menthyl- 
amines with optically active acids in dilute aqueous solution. 
d-neo- d-iso- 
Acid. 1-Base. Base. Base. 


d-a-Bromocamphor-z-sulphonic, cale. ......... + 209° +320° +324° 
obs. +207 +341 +.396 


l-a-Bromocamphor-z-sulphonic, cale. ......... — 349 — 238 — 234 
obs. — 348 — 230 — 249 

— 20 + 91 + 95 

-—20-5* + 93 + 95 

— 120 — 9 5 

- 0 + 0 


Ons. at 
d-Tartaric (acid salt), calc. y + 83 + 87 
obs. 25 + 84 - 98 


d-Base. I-neo-Base. 


d-Tartaric (acid salt), cale. +112 + 1 
obs. +113 +... 


* Tutin and Kipping, J., 1904, 85, 70. 


As it might be unjustifiable to assume practically complete ionis- 
ation on the part of the normal tartrates, the values for these salts 
have not been included. No marked divergence from the calculated 
values is apparent in this list except among the «-bromocamphor- 
x-sulphonates, and here the most pronounced discrepancies are 
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shown by salts of the type dAdB ; similar instances of abnormalities 
when the constituent ions are of the same sign of rotatory power 
have been pointed out by Pope and Read (J., 1912, 101, 775). 

The tartrates and camphor-10-sulphonates noted above gave 
essentially constant optical rotatory powers in dilute agueous 
solution, but with the «-bromocamphor-zx-sulphonates considerable 
fluctuations were observed in the optical activity. Sensibly 
identical values for two consecutive preparations were rarely 
observed, and changes occurred upon evaporating or recrystallising 
particular specimens of these salts. This behaviour is probably to 
be referred to the occurrence of dynamic isomerism on the part 
of the acid, similar observations having been made by Kipping 
and his collaborators in studying its salts with hydrindamine (J., 
1900, 77, 872), benzylhydrindamine (J., 1901, 79, 435), 6-methy]- 
hydrindamine (J., 1903, 83, 922), and /-menthylamine (J., 1904, 
85, 68; see also J., 1905, 87, 632); salts of d-«-bromocamphor- 
10-sulphonic acid also have been shown to display corresponding 
changes in rotatory power (Pope and Read, J., 1914, 105, 800). 
Such behaviour appears to be most noticeable when the acid is 
combined with a strong primary base, and the optical resolution 
of such bases is therefore liable to be complicated by the formation 
of «- and: §-salts. 

Upon fractional crystallisation of the salts of the three above- 
mentioned externally compensated menthylamines with d-«-bromo- 
camphor-z-sulphonic acid, the rotatory powers of successive frac- 
tions oscillated irregularly and afforded no satisfactory indication 
of the rotatory power of the contained base (compare Table IIa) ; 
in none of these instances was it possible to achieve more than a 
partial resolution of the base. This result was to be anticipated, 
and an explanation may be found on the lines indicated above. 

Unexpectedly, however, the d-camphor-10-sulphonates prepared 
from these externally compensated bases exhibited very similar 
irregularities in their optical rotations (compare Table IIb), and 
it was not found possible to resolve any of the bases with the help 
of this acid. Since the d- and /-camphor-10-sulphonates of the 
pure optically active bases gave constant and normal optical 
rotations (Table I), it does not appear possible in this case to ascribe 
the observed variations to tautomerism of the acid; moreover, no 
change in the rotatory power of a particular specimen of such a 
salt was noticed upon evaporating its aqueous solution to dryness. 
Further experiments showed also that the optically active menthyl- 
amines do not undergo optical inversion when liberated from their 
salts. The explanation advanced above thus appears inadequate 
to account for the abnormal rotatory powers of the mixed diastereo- 
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isomeric salts obtained by combining d-camphor-10-sulphonic acid 
with a specific externally compensated menthylamine. 

For the present, the abnormal behaviour described in this paper 
has prevented the complete optical resolution of any of the extern- 
ally compensated menthylamines with the aid of camphor-10- 
sulphonic acid or «-bromocamphor-n-sulphonic acid; possibly, 
however, more favourable results may attend fractional crystallis- 
ation of the respective pairs of these diastereoisomeric salts from 
hot solutions, or from solutions containing small amounts of free 
acid or alkali. : 
EXPERIMENTAL, 

Salts of Menthylamines. 

1. «-Bromocamphor-x-sulphonates.—Equimolecular amounts of 
l-menthylamine hydrochloride and ammonium /-«-bromocamphor- 
z-sulphonate were dissolved in about ten times their weight of hot 
water, to which a little alcohol was added. On cooling, the solution 
deposited /-menthylamine /-«-bromocamphor-z-sulphonate in small 
prisms; after two recrystallisations from dilute alcohol, the salt * 
had m. p. 183—184°, [«], —74-7°, [M], —348°. The rotatory 
power was practically unaffected by evaporating an aqueous solu- 
tion of the selt to dryness. The salt dissolved readily in alcohol, 
chloroform, or acetone. 

l-Menthylamine d-«-bromocamphor-z-sulphonate, prepared simil- 
arly, had m. p. 225°, [«], +44-4°, [M], +207° (compare J., 1904, 
85, 69, 71). 

When di-menthylamine hydrochloride (J., 1926, 2226) was mixed 
in the same way with ammonium d-«-bromocamphor-z-sulphonate 
(1 mol.), a first fraction of the separation, forming about one- 
quarter of the total quantity possible, had [M], +275°. Repeated 
crystallisation of this product yielded further fractions having 
values of [M], which fluctuated irregularly between -++ 223° and 
+ 324°. Similar values were exhibited by a large -number of 
fractions deposited from the various mother-liquors. Results of 
the same general character were obtained when ethyl acetate was 
used as the solvent. The following values (Table Ila) were found 
upon regenerating menthylamine hydrochloride from a series of 
these fractions. 

* Unless otherwise stated, the following conditions hold for all optical 
rotatory powers quoted in this paper: the dry, anhydrous salt (w g.) was 
dissolved in water to form a solution having a concentration of approximately 
1%, and the observation was made in a 2-dem. tube at the ordinary tem- 
perature (about 15°). In order to economise space, the observed values of a 
are only quoted, as a rule, when they fall below 0-2°. The respective values of 


M for menthylamine a-bromocamphor-z-sulphonate, camphor-10-sulphonate, 
normal tartrate, and hydrogen tartrate are 466, 387, 460, and 305. 
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TABLE II. 


Molecular rotatory powers of salts derived from mixtures of 1- and 
d-menthylamine. 
[M], of fraction. [M], of basic ion:: 


- Found (for hydro- 
Calc. (from salt). ~- chloride). 


(a) d-a-Bromocamphor-z-sulphonates. 
+ 205° — 73° 
+235 —43 
-+ 260 —18 
+324 +46 
+312 +34 
(b) d-Camphor-10-sulphonates. 
+43 = 7 
+31 —19 
+33 —17 
+650 + 0 
+38 —12 
(c) Hydrogen d-tartrates. 


+38 — 4 
+35 — 7 
+18 — 24 
+0 — 42 


2. Camphor-10-sulphonates.—Equimolecular proportions of am- 
monium /-camphor-10-sulphonate and /-menthylamine hydrochlor- 
ide were dissolved in about eleven times their weight of hot water ; 
the crystalline separation of l-menthylamine 1-camphor-10-sulphonate, 
which formed as the liquid cooled, was recrystallised from hot 
water, after which it had [a], — 28-9°, [M], — 112°. The salt 
preserved this rotatory power when again recrystallised. It dis- 
solved in alcohol and chloroform, and less readily in acetone, 
benzene, and ethyl acetate (Found : ©, 61-4; H, 9-3. C,,H,,0,NS 
requires C, 62-0; H, 9-6%). 

The salt formed by di-menthylamine with d-camphor-10-sulph- 
onic acid was prepared and fractionally crystallised from water in 
the manner outlined under (1) above. The fitst fraction had 
(I], + 48°, and as a result of repeated fractional crystallisation 
specimens of salt were obtained with values of [M], fluctuating 
irregularly between + 31° and + 60°. Similar fractions were 
deposited from the mother-liquors. Fractionation from ethyl 

The values observed 


summarised above (Table IIb). 

3. Normal Tartrates—J-Menthylamine (2 mols.) dissolved in 
ether was mixed with d-tartaric acid (1 mol.) dissolved in warm 
ilcohol. A crystalline deposit of ]-menthylamine d-tartrate separ- 
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ated as the solution cooled. It was readily soluble in water or 
alcohol, and slightly soluble in acetone or ethyl acetate; but 
recrystallisation was impracticable, owing to the tendency of the 
salt to pass into a syrup. In dilute aqueous solution it gave 
[«]> — 24-6°, [M], — 113°. 

When dil-menthylamine (2 mols.) was mixed with d-tartaric acid 
(1 mol.) in warm alcohol, a gummy salt was formed. This became 
crystalline when treated with small quantities of dry acetone, but 
efficient fractional crystallisation was impracticable. The purest 
fraction isolated had [«], + 13-0°, [M]) + 60°, and this yielded 
optically impure d-menthylamine hydrochloride with [M], + 15° 
(w 0-1990 g., « + 0-16°). 

4. Hydrogen Tartrates—A crystalline salt was readily obtained 
on mixing equimolecular proportions of /-menthylamine and 
d-tartaric acid in hot alcohol. After recrystallisation from hot 
water, /-menthylamine hydrogen d-tartrate had [«]) — 8-0’, 
[M]p — 25° (w 0-1990 g., « — 0-16°); it dissolved in alcohol, but 
not in acetone, chloroform, benzene, or ethyl acetate. 

Optical Resolution of dl-Menthylamine.—dl-Menthylamine hydro- 
chloride (18-4 g., 1 mol.) was decomposed with sodium hydroxide 
solution, and the free base, isolated by means of ether, was dis- 
solved in warm alcohol containing d-tartaric acid (14-4 g., 1 mol.). 
When the salt obtained after removal of the alcohol was fractionally 
crystallised from boiling water, the first (10-7 g.) and second (4:8 g.) 

“fractions had [M], + 101° and + 80°, respectively. Two further 
recrystallisations of these fractions sufficed to give 36% of the 
theoretical yield of pure d-menthylamine hydrogen d-tartrate, m. p. 
168°, (z]p + 37-1°, [M]p + 113°, [a}gagx + 391°, (M561 + 1° 
(Found: C, 54-5; H, 9-3. C,,H,,0,N requires C, 55-0; H, 8-7%). 
d-Menthylamine hydrochloride prepared from this salt had [} 
+ 36-6°, [M], + 70°. Salicylidene-d-menthylamine, m. p. 56— 
57°, [a]p ++ 118° (c 0-75 in chloroform), showed the marked photo- 
tropic effect characteristic of salicylidene-l-menthylamine (J., 1926, 
2234; 1927, 2174). 

In conducting the above resolution it is advisable to seed the 
original solution with a crystal of pure d-menthylamine hydrogen 
d-tartrate. A final fraction obtained in the process displayed no 
appreciable optical activity when examined under the usual con- 
ditions; when decomposed, this yielded impure /-menthylamine 
hydrochloride having [M], — 43°. This and other specimens of 
the hydrochloride obtained from intermediate fractions displayed 
rotatory powers in approximate agreement with the calculated 
values (Table IIc). 
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Salts of neoMenthylamines. 

1. «-Bromocamphor-nx-sulphonates.—d-neoMenthylamine _hydro- 
chloride (J., 1926, 2217), having [«], + 21-5° in 1% aqueous solution, 
was dissolved in hot water and mixed with ammonium d-«-bromo- 
camphor-z-sulphonate (1 mol.); the resulting separation of colour- 
less prisms consisted of d-neomenthylamine d-«-bromocamphor- 
sulphonate, m. p. 166-5°, [«]) + 70°8°, [M], + 330°. A second 
preparation, made from the same specimens, had [a], -+ 73-3°, 
[M|, + 341°. d-neoMenthylamine 1|-«-bromocamphor-rn-sulphonate, 
prepared similarly, separated from water in long soft needles, 
m. p. 171°, [a]p — 49-3°, [M], — 230° (Found: C, 49-9; H, 7-4. 
CygHgg0,NBrS requires C, 51-5; H, 7-8%). 

The crystalline deposit obtained on mixing hot aqueous solutions 
of dl-neomenthylamine hydrochloride (2 mols.;° J., 1926, 2227) 
and ammonium d-«-bromocamphor-z-sulphonate (1 mol.) had 
[M], + 283°; when the salt was recrystallised twice from dilute 
alcohol the molecular rotation changed through [M], + 291° to 
[MM], + 318°. The last fraction, m. p. 171°, when decomposed 
gave optically impure /-neomenthylamine hydrochloride having 
[M)|, — 6°. On adding a second molecular proportion of the 
ammonium salt to the original filtrate, a first fraction was deposited 
having [M], + 287°; the final fraction, having [M], + 163°, yielded 
optically impure d-neomenthylamine hydrochloride with [M], + 9°. 

2. Camphor-10-sulphonates.—d-neoMenthylamine d-camphor-10- 
sulphonate, prepared by mixing equivalent weights of the acid and 
base in aleohol, separated from ether-—light petroleum in clusters 
of small, transparent prisms, m. p. 180°, [«], + 24-0°, [M], + 93°. 
d-neoMenthylamine /-camphor-10-sulphonate crystallised from the 
same solvent in long prisms, m. p. 152°, [M], + 0°. No change 
was observed in these rotatory powers upon recrystallising the salts. 

The salt obtained by mixing equimolecular weights of d-camphor- 
10-sulphonic acid and dl-neomenthylamine in warm alcohol was 
fractionally crystallised from ether-light petroleum. A series of 
fractions exhibited values of [M], which fluctuated irregularly 
between + 75° and + 44°; the specimens of neomenthylamine 
hydrochloride prepared from these two limiting fractions had 
(M|, + 4° and + 0°, respectively. 

3. Normal Tartrates.—d-neoMenthylamine d-tartrate crystallised 
from acetone—methyl alcohol in clusters of colourless needles, m. p. 
180°, [a], + 25-0°, [M], + 115°. 

When evaporated on the water-bath, an alcoholic solution -of 
(l-neomenthylamine (2 mols.) and d-tartaric acid (1 mol.) yielded 
acrystalline mass, which was fractionally crystallised from acetone- 
methyl alcohol. After three recrystallisations, the molecular 


CHEMISTRY 





30 READ, STEELE, AND CARTER : 


rotation changed from [M], + 86° through + 136° to + 124°, 
The last fraction yielded optically impure d-neomenthylamine § 
hydrochloride, with [M)], + 31°.. A fraction: having [M], + 89 
gave impure /-neomenthylamine hydrochloride, with [M], — 18°. 

4. Hydrogen Tartrates—d-neoMenthylamine hydrogen d-tartrate 
crystallised from acetone—methyl alcohol in small, colourless prisms, 
m. p. 179°, [a], + 27-4°, [M], + 84°. 

Optical Resolution of dl-neoMenthylamine.—Hot alcoholic solu- 
tions of dl-neomenthylamine (1 mol.) and d-tartaric acid (1 mol.) 
were mixed, and the solvent was removed. Three recrystallisations 
of the resultant crystalline mass from acetone—methyl alcohol 
(1:1) furnished a pure specimen of J-neomenthylamine hydrogen 
d-tartrate, m. p. 188°; 0:2074 g. made up to 20 c.c. with water 
gave no appreciable optical rotation when examined in a 2-dcm. 
tube in sodium light. J-neoMenthylamine hydrochloride prepared 
from this salt had [a], — 20-2°, [M], — 39°. Salicylidene-l-neo. 
menthylamine had m. p. 99°, [a], — 31-3° (c 0-33 in chloroform; 
compare J., 1926, 2219). 

Pure d-neomenthylamine hydrogen d-tartrate could not be 
isolated, but an impure fraction from the mother-liquors, having 
[M]» + 67°, yielded a specimen of optically impure d-neomenthy]- 
amine hydrochloride with [M], + 25°. 


Salts of isoMenthylamines. 


1. «-Bromocamphor-x-sulphonates.—A hot. aqueous solution of a 
mixture of equimolecular amounts of d-isomenthylamine (J., 1926, 
2221) and ammonium d-«-bromocamphor-zx-sulphonate deposited 
upon cooling a mass of long slender needles of d-isomenthylamine 
d-«-bromocamphor-r-sulphonate. Repeated recrystallisation of this 
salt from boiling water yielded specimens for which the values of 
[M]p varied irregularly from -+- 396° to + 295° (Found: C, 51-1; 
H, 8-3. C,)9H3,0,NBrS requires C, 51-5; H, 7-8%). 

d-isoMenthylamine /-«-bromocamphor-x-sulphonate crystallised 
from boiling water in small prisms, m. p. 206° (decomp.). The 
values of [M), for this salt showed variations similar to those 
observed for the diastereoisomeride, changing from — 201° through 
— 249° to — 212°. 

Upon attempting the optical resolution of dl-isomenthylamine 
(J., 1925, 127, 2782; 1926, 2230) with the aid of ammonium d-:- 
bromocamphor-z-sulphonate, in the manner described above for 
di-neomenthylamine, fractions of salt were obtained with values 
of [M], ranging from -+ 263° to + 290°; the specimens of iso- 
menthylamine hydrochloride prepared from these fractions were 
almost optically inactive, the highest rotatory power observed 
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being [M], + 9°, for a hydrochloride from a fraction of salt having 
[M]p + 268°. 

2. Camphor-10-sulphonates.—d-isoMenthylamine d-camphor-10- 
sulphonate, prepared from the free acid and base, crystallised from 
ethyl acetate in clusters of hard prisms, m. p. 180°, [a], + 24-6°, 
[M]p + 95°. d-isoMenthylamine /-camphor-10-sulphonate crystal- 
lised from ethyl acetate in soft needles, m. p. 188°, [M], + 0°. 
The rotatory powers of both these salts remained unaltered on 
further crystallisation. 

Equimolecular amounts of dl-isomenthylamine and d-camphor- 
10-sulphonic acid were mixed in hot alcohol and the solvent was 
removed. Upon fractionation of the resultant crystalline mass from 
ethyl acetate, the molecular rotatory powers of the various fractions 
oscillated in an irregular manner between -+ 32° and + 51°; all 
the specimens of isomenthylamine hydrochloride prepared from 
these fractions were optically inactive in aqueous solution (c 3-5). 

3. Normal Tartrates—Hot alcoholic solutions of d-isomenthyl- 
amine (2 mols.) and d-tartaric acid (1 mol.) were mixed and evapor- 
ated to dryness on the water-bath. The remaining d-isomenthy]- 
amine d-tartrate separated from boiling water in large glistening 
plates, m. p. 204°, [a], + 32-9°, [M], + 151°. 

Upon replacing the d-base by the dl-base in the above experi- 
ment and crystallising the product from acetone—-methyl alcohol, 
three successive fractions were obtained with [M@], + 108°, + 56°, 
and -+- 55°, respectively. The rotatory power of the first fraction 
remained practically unaltered upon recrystallisation, even when 
the sterile solution was seeded with a crystal of pure d-isomenthyl- 
amine d-tartrate; when decomposed, it yielded optically impure 
d-isomenthylamine hydrochloride with [M@], + 15°. A fraction 
of the original salt with [M], + 51° yielded optically inactive 
isomenthylamine hydrochloride. 

4. Hydrogen Tartrates—d-isoMenthylamine hydrogen d-tartrate, 
prepared from the free acid and base, crystallised from acetone— 
methyl alcohol in fine needles, m. p. 190°, [M], + 98°. 

When mixed in equimolecular proportion in hot aqueous solution, 
dl-isomenthylamine and d-tartaric acid yielded a crystalline salt 
having [M], + 45°, and this value remained practically unaltered 
upon fractionating the salt from the same solvent, even when the 
saturated solution was seeded with pure d-isomenthylamine hydrogen 
d-tartrate. Specimens of isomenthylamine hydrochloride prepared 
from these fractions were invariably optically inactive. As the 
molecular rotatory power in dilute aqueous solution of the hydrogen 
d-tartrate ion is about + 42°, it would appear that these separations 
all consisted of dl-isomenthylamine hydrogen d-tartrate; whether 

(A 
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this salt forms a partial racemate, or merely a conglomerate whose 
components cannot be separated owing to their similar solubilities, 
remains undecided. 


Effect of Evaporation on the Rotatory Powers of Menthylamine Salts 
in Aquedus Solution. 


1. A specimen of /-menthylamine hydrochloride having [«], 
— 35-3° (0-5040 g. in 20 c.c. of water gave «, — 1-78°) showed no 
alteration in rotatory power after evaporation to dryness in aqueous 
solution. The base was liberated with sodium hydroxide, extracted 
with ether, and _reconverted into hydrochloride; the crude dry 
salt had [a], — 35-2° in aqueous solution (0-6114 g. in 25 ¢.c. gave 
ap — 1-72°). 

2. Salts with d-«-Bromocamphor-x-sulphonic Acid —A specimen 
of the salt with d-neomenthylamine having [M)}, + 341° (0-1160 g. 
in 20 ¢.c, gave ap + 0-85°, [«]) + 733°) was dissolved in water 
and evaporated to dryness on the water-bath; the dry recovered 
salt had [M], + 310° (0-1082 g. in 20 c.c. gave a, + 0-72°, [«|, 
+ 66-5°). The corresponding values for a specimen of the salt 
with dl-neomenthylamine were [M], + 301° originally (0-1104 g. 
in 25 c.c. gave ap + 0-57°, [a]p + 645°), and [M], + 264° after 
evaporation (0-1184 g. in 20 c.c. gave «, + 0-67°, [a], + 56-6°). 
In a similar experiment the value of [1M], rose from + 282° to + 334° 
after evaporation in the presence of a small quantity of ammonia. 

3. Salts with d-Camphor-10-sulphonic Acid.—The differences in 
rotatory power observed on applying similar treatment to salts 
of this acid with d-neo- and dl-neo-menthylamine were so slight as 
to be indistinguishable from possible experimental errors in making 
the polarimetric observations. 

4. Salts with d-Tartaric Acid.—The normal d-tartrate of d-neo- 
menthylamine and the normal and hydrogen d-tartrates of dl-neo- 
menthylamine yielded results similar to those just indicated under (3). 

In all these experiments the hydrochloride of the base was pre- 
pared from the original salt and from the specimen remaining after 
evaporation; in no instance, however, was any appreciable differ- 
ence in rotatory power observed between the two specimens of the 
hydrochloride. 


The authors are indebted to the Carnegie Trust for a Fellowship 
and to the Commissioners of the 1851 Exhibition for a Science 
Research Scholarship which enabled two of them (C. C. 8. and 
P. G. C.) to take part in this investigation. 
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VI.—Tertiary Phosphines containing the n-Butyl 
Radical. 


By Watrer Cute Davies and WiriiAm Jacos Jonss. 


No such phosphines have hitherto been described, but in the course 
of an investigation now being carried out by the authors on the action 
of the chlorides of phosphorus on the organo-magnesium halides, the 
followmg have been prepared : tri-n-butylphosphine, phenyldi-n-butyl- 
phosphine and p-tolyldi-n-butylphosphine,. Triethylphosphine (Hib- 
bert, Ber., 1906, 39, 161), triphenylphosphine (Pfeiffer, Ber., 1904, 
37, 4620), phenyldimethylphosphine (Meisenheimer, Annalen, 1926, 
449, 227; Ingold, Shaw, and Wilson, J., 1928, 1280), and phenyl- 
diethylphosphine (Meisenheimer, loc. cit.) have already been prepared 
by this method, 

Preparation of the Phosphines.—A solution of 42 c.c. of n-butyl 
bromide in 100 c.c. of absolute ether, together with a granule of 
iodine, was added in the course of 3 hours to 10 g. of magnesium 
turnings and 150 c.c. of ether, contained in an apparatus through 
which hydrogen was passed throughout the course of the preparation, 
and which permitted of continuous stirring of the liquid. The resulting 
Grignard. solution was cooled to 0° and a solution of 9 ¢.c. of phos- 
phorus trichloride or 19 c.c. of phenyldichlorophosphine or 20 c.c. 
of p-tolyldichlorophosphine in 50 c.c. of ether was added drop by 
drop.. The mixture was then warmed for 4 hour on the water-bath, 
cooled below 0°, and cautiously treated with a solution of 50 g. of 
ammonium chloride in 250 c.c. of water ; the precipitated magnesium 
salts ultimately all dissolved. The ethereal solution was dried over 
anhydrous sodium sulphate, and the ether distilled off, in an atmo- 
sphere of carbon dioxide. The residue was fractionally distilled, 
and the phosphine redistilled, under 50 mm. pressure. All thermo- 
meter readings given are corrected. 

The n-butylphosphines are colourless liquids having the charac- 
teristic phosphinic odour. They are miscible in all proportions with 
alcohol, ether, and benzene, but immiscible with water, and their 
molecular weights in freezing benzene are normal, They are far 
less. easily oxidised than the lower tertiary phosphines. For 
instance, they do not readily combine with the oxygen of the air, but 
tri-w-butylphosphine, on being boiled in a current of air, is converted 
into tri-n-butylphosphine oaide. Tri-n-butylphosphine combines 
directly with carbon disulphide to give a deep red, crystalline 
compound, but from phenyl- and _ p-tolyl-di-n-butylphosphines, 
although deep red solutions are obtained in carbon disulphide, no 
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crystalline compounds can be produced. All these phosphines com. 
bine with alkyl iodides and with mercuric chloride. The phos. 
phonium iodides are ionised in aqueous and in alcoholic solution, 
and can be quantitatively estimated by means of silver nitrate. 
Vigorous reaction also occurs between the phosphines and_ both 
chlorine and sulphur. 

Tri-n-butylphosphine has b. p. 149-5°/50 mm. and d= 0-8118 
(Found: C, 70-8; H, 13-8; M, 210. C,,H,;P requires C, 71-2; 
H, 13-5%; M, 202). Yield, 11 g. The carbon disulphide addition 
compound, C,,H,,P,CS,, m. p. 65-5° (Found: C, 56-1; H, 10-1. 
C,3H,,8,P requires C, 56-1; H, 9-8%), owing to the vigour of 
the combination, is best prepared by mixing cold absolute-alcoholic 
solutions of the components, from which the compound crystallises. 
It is completely dissociated in hot ethereal and alcoholic solutions. 
On mixing alcoholic solutions of the components the mercuric chloride 
addition compound of tri-n-butylphosphine is obtained as a plastic 
mass which is difficult to purify. Methyltri-n-butylphosphonium 
iodide, owing to the violence of the direct interaction of methyl 
iodide and the phosphine, is most conveniently obtained by mixing 
dilute ethereal solutions of the reactants; the white crystalline 
precipitate, m. p. 133-5°, is purified by washing with ether (Found: 
I, 36-1. Cy 3HgpIP requires I, 36-83%). Hthyltri-n-butylphosphonium 
iodide (Found : I, 34-9. C,,H,,IP requires I, 35-4%) melts at 153°. 
Fri-n-butylphosphine oxide was prepared by adding 10 c.c. of phos- 
phorus oxychloride in 50 c.c. of ether to the Grignard solution 
already described. Ammonium chloride solution was added and, 
when the ethereal layer was fractionally distilled under 760 mn. 
pressure, the oxide passed over at 300° and solidified in the receiver 
(Found: C, 63-3; H, 12-6; P, 14-9. C,,H,,OP requires C, 66-0; 
H, 12-4; P, 14:2%). It forms colourless needles which are extremely 
hygroscopic. The oxide was also prepared both by boiling the 
phosphine in a current of air and by oxidising it with warm 40°, 
nitric acid. : 

Phenyldi-n-butylphosphine has b. p. 184-5—185-5°/50 mm. and 
ad 0-9115 (Found : C, 75-4; H, 10-5; P, 14-6; M, 221. C,,H,P 
requires C, 75-6; H, 10-4; P, 140%; M, 222). Yield, 16g. The 
mercuric chloride compound, m. p. 160-5°, is obtained as fine needles 
when alcoholic solutions of its components are mixed and is purified 
by recrystallisation from alcohol (Found : Cl, 14-7. C,,H.3P,Hgth 
requires Cl, 14-4%). Phenylmethyldi-n-butylphosphonium iodide is 
not so soluble in water as the other iodides, and well-formed rods, 
m. p. 168°, are obtained on recrystallisation from water (Found : |, 
34-3. C,;H,,IP requires I, 34-8%). 

Phenylethyldi-n-butylphosphonium iodide melts at 147° (Found: 
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J, 33-9. CygH,,IP requires I, 336%). It is best recrystallised 
from aleohol-ether. 

p-Tolyldi-n-butylphosphine has b. p. 197°/50 mm. and d2° 0-9076: 
(Found: C, 75-5; H, 10-8; M, 228. C,;H,,P requires C, 76-1; 
H, 10-7%; M, 236). Yield, 15 g. The mercuric chloride addition 
compound crystallises from alcohol in prisms, m. p. 112° (Found : 
(I, 14-2. C,;H,;P,HgCl, requires Cl, 14-0%). p-T'olylmethyldi-n- 
butylphosphonium iodide melts at 130-5° (Found : I, 33-5. C,,H,.IP 
requires I, 33-6%). 


Tae TaTeEM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, November 21st, 1928. 





VII.—The Iodometric Estimation of Iron. 


By (the late) Eamrron CHaries GREY. 


HE volumetric determination of iron by titration with sodium 
hiosulphate of the iodine liberated through the interaction of a 
soluble iodide and a ferric salt, which was first suggested by Mohr 
Annalen, 1858, 105, 53), is based upon the reaction 2HI-+-2FeCl,= 
HCl+1,+2FeCl,. This reaction is known to be reversible, and 


he blue colour of the starch may return in spite of repeated dis- 
harge by thiosulphate. No explanation hes been offered of the 
phenomenon, but various recommendations have been made, such 
is exclusion of air by a current of carbon dioxide, heating the 
lution to 60°, waiting 20 minutes before titration, and using very 
ittle hydrochloric acid, all of which are based upon a misconception 
f the nature of the reaction. 
To realise the proper conditions necessary for carrying out the 
ccurate estimation of iron by the above method, the process must 
considered in two parts: (1) the liberation of iodine from hydr-. 
bdic acid by the action of the ferric salt, and (2) the titration of 
he iodine. The conditions for the two operations are not the 
ame. 
(1) The first operation is essentially a mutual discharge of ferric 
nd iodide ions and should be represented thus: 2Fe* + 21’ =: 
re" + I,. The reaction therefore should depend merely on the 
lective concentration of these two ions. In the presence of water, 
wwever, the effective concentration of ferric ions is reduced owing: 
) hydrolysis and formation of ferric hydroxide; this follows 
tantly upon dilution, increases with the time, and is vastly 
lerated by the addition of hydroxy] ions, which appear, for 
ample, on the decomposition of potassium iodide in water.. 
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crystalline compounds can be produced. All these phosphines com. 
bine with alkyl iodides and with mercuric chloride. The phos. 
phonium iodides are ionised in aqueous and in alcoholic solution, 
and can be quantitatively estimated by means of silver nitrate. 
Vigorous reaction also occurs between the phosphines and_ both 
chlorine and sulphur. 

Tri-n-butylphosphine has b. p. 149-5°/50 mm. and dz 0-8118 
(Found: C, 70-8; H, 13-8; M, 210. C,,H,,;P requires C, 71-2; 
H, 13-5%:; M, 202). Yield, 11 g. The carbon disulphide addition 
compound, C,,H,,P,CS,, m. p. 65-5° (Found: C, 56-1; H, 10-1. 
C,3H,,8,P requires C, 56-1; H, 9-8%), owing to the vigour of 
the combination, is best prepared by mixing cold absolute-alcoholic 
solutions of the components, from which the compound crystallises. 
It is completely dissociated in hot ethereal and alcoholic solutions. 
On mixing alcoholic solutions of the components the mercuric chloride 
addition compound of tri-n-butylphosphine is obtained as a plastic 
mass which is difficult to purify. Methyltri-n-butylphosphonium 
iodide, owing to the violence of the direct interaction of methyl 
iodide and the phosphine, is most conveniently obtained by mixing 
dilute ethereal solutions of the reactants; the white crystalline 
precipitate, m. p. 133-5°, is purified by washing with ether (Found : 
I, 36-1. Cy 3H g9IP requires I, 36-89%). Ethyltri-n-butylphosphonium 
iodide (Found : I, 34-9. C,,H, IP requires I, 35-4%) melts at 153°. 
Fri-n-butylphosphine oxide was prepared by adding 10 c.c. of phos- 
phorus oxychloride in 50 c.c. of ether to the Grignard solution 
already described. Ammonium chloride solution was added and, 
when the ethereal layer was fractionally distilled under 760 mm. 
pressure, the oxide passed over at 300° and solidified in the receiver 
(Found : C, 63-3; H, 12-6; P, 14-9. C,,H,,OP requires C, 66-0; 
H, 12-4: P, 14:2%). It forms colourless needles which are extremely 
hygroscopic. The oxide was also prepared both by boiling the 
phosphine in a current of air and by oxidising it with warm 40°, 
nitric acid. 

Phenyldi-n-butylphosphine has b. p. 184-5—185-5°/50 mm. and 
d® 0-9115 (Found : C, 75-4; H, 10-5; P, 14-6; M, 221. C,,H,,P 
requires C, 75-6; H, 10-4; P, 140%; M, 222). Yield, 16g. The 
mercuric chloride compound, m. p. 160-5°, is obtained as fine needles 
when alcoholic solutions of its components are mixed and is purified 
by recrystallisation from alcohol (Found : Cl, 14-7. C,,H,,P,HgCl, 
requires Cl, 14-4%). Phenylmethyldi-n-butylphosphonium iodide is 
not so soluble in water as the other iodides, and well-formed rods, 
m. p. 168°, are obtained on recrystallisation from water (Found : |, 
34-3. C,;H,,IP requires I, 34-8%). 

Phenylethyldi-n-butylphosphonium iodide melts at 147° (Found: 
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I, 33-9. CygH,,IP requires I, 33-6%). It is best recrystallised 
from aleohol-ether. 

p-Tolyldi-n-butylphosphine has b. p. 197°/50 mm. and d2" 0-9076: 
(Found: C, 75-5; H, 10-8; M, 228. C,;H,;P requires C, 76-1; 
H, 10-7%; M, 236). Yield, 15 g. The mercuric chloride addition 
compound crystallises from alcohol in prisms, m. p. 112° (Found - 
(l, 14:2. C,,;H,,;P,HgCl, requires Cl, 14-0%). p-T'olylmethyldi-n- 
butylphosphonium iodide melts at 130-5° (Found : I, 33-5. C,,H,.IP 
requires I, 33-6%). 


THe TaTeM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, November 21st, 1928.] 





VII.—The Iodometric Estimation of Iron. 


By (the late) Eazrton CHARLES GREY. 


THE volumetric determination of iron by titration with sodium 
thiosulphate of the iodine liberated through the interaction of a 
soluble iodide and a ferric salt, which was first suggested by Mohr 
(Annalen, 1858, 105, 53), is based upon the reaction 2HI-+-2FeCl,— 
2HCl+-I,+2FeCl,. This reaction is known to be reversible, and 


the blue colour of the starch may return in spite of repeated dis- 
charge by thiosulphate. No explanation has been offered of the 
phenomenon, but various recommendations have been made, such 
as exclusion of air by a current of carbon dioxide, heating the 
solution to 60°, waiting 20 minutes before titration, and using very 
little hydrochloric acid, all of which are based upon a misconception 
of the nature of the reaction. 

To realise the proper conditions necessary for carrying out the 
accurate estimation of iron by the above method, the process must 
be considered in two parts: (1) the liberation of iodine from hydr-. 
lodic acid by the action of the ferric salt, and (2) the titration of 
he iodine. The conditions for the two operations are not the 
ame. 

(1) The first operation is essentially a mutual discharge of ferric 
ind iodide ions and should be represented thus: 2Fe* + 21’ =: 
Fe“ + I,. The reaction therefore should depend merely on the 
fective concentration of these two ions. In the presence of water, 
however, the effective concentration of ferric ions is reduced owing: 
0 hydrolysis and formation of ferric hydroxide; this follows 
instantly upon dilution, increases with the time, and is vastly 
ccelerated by the addition of hydroxy] ions, which appear, for 
tample, on the decomposition of potassium iodide in water.. 
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Therefore, the greater the amount of water employed, and the 
greater the amount of potassium iodide, the larger must be the 
addition of hydrogen ions. Thus, for the liberation of iodine, there 
must be a large excess both of iedide and of acid. 

The preparation of a solution of iron in which the metal is actually 
in the soluble form and not colloidal is essential, and if. the solution 
is to be kept stable it must contain acid of not less than about 
N concentration. 

If a clear solution possessing the bright lemon-yellow colour of the 
ferric salt or ferric ions is treated with an equal volume of concen. 
trated hydrochloric acid and sufficient potassium iodide (about 
5°5 mols. of iodide to each atom of iron), the iodine will be liberated 
practically instantaneously, and may be immediately titrated with 
a theoretical result. In order to avoid this large excess of acid, it 
suffices to use N-acid, the reaction being, then complete, whatever 
the concentration of iron, in 3 minutes at room temperature. No 
reversion is to be observed in these circumstances, and titration may 
be made at any later time. 

(2) If the.iron was truly in the state of a dissolved ferric salt when 
the iodide was added, the solution may be freely diluted with water 
after 3 minutes, and titrated with starch as indicator.’ The end- 
point should be sharp and there should be no return of blue colow. 
The reoxidation of ferrous iron by the air in these circumstances is 
negligible or non-existent, and precautions to avoid this are super- 
fluous. The solution after titration by thiosulphate may be shaken 
violently with air for 2 hours without any return of the blue colour, 
even when the acidity is that of N-hydrochloric acid, and however 
dilute the iodide, but if hydrogen peroxide be added in a concen- 
tration corresponding to that of oxygen in saturated water, the 
appearance of free iodine is almost instantaneous : the oxidation by 
atmospheric oxygen, if it occurs at all; is about one million times 
slower than by hydrogen peroxide in equivalent oxygen concel- 
tration. 

The above statements are true for pure solutions, provided that 
the iron was present as ferric ions when mixed with the iodide; 

but if not, the blue colour will ‘return. In the presence of various 
impurities, hydrogen iodide will decompose at a rate proportional 
to the concentration of its ionised portion. This may be prevented 
either by raising the concentration of iodide ions or by lowering 
the concentration of hydrogen jions,\as,¢.g., by the addition of 
sodium acetate. This addition is only necessary if impurities ar 
present. 

The factors which cause the return of the blue colour after thio 
sulphate titration by discharging iodide ions are: (1) colloidal 
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ferric hydroxide or suspended oxide; which may be introduced with 
the reagents; (2) hydrogen acceptors. (oxidising agents) such as 
chlorine or nitric acid; (3) copper. Oxidising agents: present: as 
impurities will give high results but will not cause a return of 
blue colour after titration unless they are added’ in the distilled 
water. 

In the absence of colloidal ferrie hpdsenide (or otide)) therefore, 
the only cause of the returning blue colour is copper. In the 
analysis of the ash of plants and animals for iron, this metal will 
frequently be found, and: may be recognised and: even estimated 
with fair accuracy by the rate of return of the blue colour, other 
causes having been eliminated. 

The effect is readily distinguishable from others in that it is 
catalytic; by means of the effect it is possible to distinguish 12 
parts of copper in 2,000,000 parts of water. The presence of copper 
naturally leads to high results, and it must be removed if its effect is 
significant. With solutions of iron not weaker than N/400, this 
may be done readily by adding an excess of ammonium hydroxide, 
which leaves the copper entirely in solution. 

The detailed procedure for successful use of the method is, there- 
fore, as follows : 

(a) Incinerate the material to remove organic matter, evaporate 
repeatedly with concentrated. hydrochloric acid until any insoluble 
residue is colourless, and adjust the hydrochloric acid content of the 
final solution so that it is not less than 0-4 c.c. of concentrated acid 
inl0c.c. (The total volume of acid employed should be noted, for 
a control may be necessary on the iron which it probably contains.) 
If the estimation is delayed; avoid diluting the acid ferric solution 
until immediately prior to the estimation, especially when the 
amount of iron is small. 

(b) If copper is present, add excess of ammonium’ hydroxide, 
filter, wash, and redissolve the precipitate in acid. 

(c) To 10 ¢.c. of the ferric chloride solution add 0-33 g. of potass- 
ium iodide dissolved in not more than 5 ¢.c. of water (= 2 e.c. of 
M-potassium iodide). The liberation of iodine is complete in 3 
minutes at 15°. 

(2) Dilute the above mixture with pure distilled water, add sodium 
acetate if desired, and titrate with thiosulphate of suitable strength. 
If very dilute thiosulphate is used, it must be freshly made each 
day. With N/2000-thiosulphate it is possible to estimate accurately 
quantities of the order of 0-05 mg. Fe. 

The thiosulphate may be standardised on potassium dichromate, 
the procedure being the same as with the estimation of iron, except 
that hydrolysis does not interfere. 





38 GREY: THE IODOMETRIC ESTIMATION OF IRON. 


EXPERIMENTAL. 


Numerous experiments have shown that 5-5 mols. of potassium 
iodide are required per atom of iron, and the concentration in the 
titrated liquid should be adjusted to about M/7-5, and the acid 
concentration should be NV /3—3N. In such a case the liberation 
of iodine will be strictly proportional to the iron present, within the 
limits 0-056—56 mg. of iron in 10—50 c.c. of liquid. 

Any reagent causing lowering of hydrogen-ion concentration, ¢.g., 
sodium acetate, thus favouring hydrolysis of ferric chloride, tends to 
produce recurrence of the blue colour. Old solutions of iron salts 
contain iron hydroxide, which dissolves slowly, and therefore they 
cause a slow recurrence of the blue colour. On the other hand, 
freshly made ferric chloride solutions, on dilution with water, 
contain hydroxide in a form which dissolves rapidly. Hence, in 
this case, the blue colour reappears rapidly and the total liberation 
of iodine comes to an end more quickly. This cause of the recurring 
blue colour is therefore quite distinct from the catalytic action of 
copper. 

It will be noted that low hydrogen-ion concentration favours the 
recurrence of the colour due to the presence of ferric hydroxide, but 
also increases the stability of hydriodic acid in the presence of 
impurities. 

The effect of copper is shown by the following results : 

(N/40-FeCl, containing 0-4% HCl; M/7-KI solution.) 
. 10 ¢.c. Fe soln. + 2 c.c. KI + 3 ¢.c. water after 5 mins. = 10-16 ¢.c. N/4- 
Na,S,03. 
. 10 c.e. Fe soln. + 4 c¢.c. KI + 1 c.c. water after 5 mins. = 10-32 c.c. N/40- 
Na,§S,0O3. 
3. 10 c.c. Fe soln. + 2 c.c. KI + 3 c.c. M/200-CuSO, (= 0-96 mg. Cu) = 105 
e.c. N/40-Na,8,03. 

Less than 2 c.c. of //200-copper sulphate does not immediately 
affect the liberation of iodine with this quantity of iron, but pro- 
duces later the characteristic catalytic effect. No. 2 remained 
colourless for many hours, and No. 1 became coloured in 15 minutes 
owing to insufficient potassium iodide; No. 3 coloured rapidly, 
and in 12 minutes required an extra 0-43 c.c. of N /200-thiosulphate. 

The power to cause recurrence of colour is possessed only by 
metallic ions which can change from higher to a lower valency, such 
as Fe’, Cu", Mn’; all other basic ions tried, including Na’, K; 
Mg”, Zn", Co”, Ni, Mn”, Fe’, Al", were-quite without influenc 
upon the velocity of decomposition of hydrogen iodide, even whel 
present in considerably more than equivalent concentration. 

The catalytic activity of the cupric ion in discharging iodide io 
is illustrated in the following table, which shows the amount of 
iodine liberated in one hour. 
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Copper added, Iodine liberated Mg. of Cu per'c.c. N/2000- 
mg. (c.c. of N/2000). iodine (calc. 0-0032). 
0-05 10-8 0-004 
0-025 ‘ 0-004 
0-0125 “s 0-003 
0-0063 2- 0-003 
0-0031 “96 0-002 
0-0016 *86 0-002 


Small quantities of copper thus produce a marked catalytic effect. 


This gives a method of distinguishing 1—2 parts of Cu in 1,000,000 
parts of water. 


My best thanks are due to Sir F. Gowland Hopkins, F.R.S., in 
whose laboratory the work was done. 


THe Str Witi1amM Dunn INSTITUTE oF BIOCHEMISTRY, 
THE UNIVERSITY, CAMBRIDGE. [Received, July 21st, 1928.] 





VITI.—N-Substituted Derivatives of Piperazine and 
Ethylenediamine. Part I. The Preparation of 
N-Monosubstituted Derivatives. 


By Tom StpNEY Moors, Mary Boy te, and Vera M. Torn. 


WHEN piperazine reacts with substances capable of attacking its 
imino-groups, the products are almost invariably the N-disubstituted 
derivatives. Forinstance, dibenzoyl]-,ditoluenesulphonyl-, and dicarb- 
ethoxy-piperazine are the sole products even when the reactions with 
the corresponding halogen compounds are carried out with an excess 
of piperazine. With alkyl iodides the dialkyl compounds and the 
quaternary derivatives R-N<C,H,>NR,I and IR,N<C,H,>NR,I 
only can be isolated (Hofmann, Compt. rend., 1859, 49, 788; van 
Ryl, Dissert., Ziirich, 1897; Strémholm, Ber., 1903, 36, 143). 
Various N-monosubstituted derivatives being required for other 
work, attempts were made to find reaction conditions which would 
allow of their isolation, but only in one case—that of piperazino- 
acetic acid, HN<C,H,>N-CH,-CO,H—was a direct method 
successful. If ethyl chloroacetate (2 mols.) reacts with piperazine 
(3 mols.) in dry alcoholic solution, the esters of piperazinoacetic acid 
and of piperazinediacetic acid, C,H,(N-CH,°CO,H),, are both 
formed, together with piperazine hydrochloride. By removal of the 
last and hydrolysis of the esters a mixture of the hydrochlorides of 
the acids is obtained, and a separation is possible since the hydro- 
chloride of the dibasic acid is practically insoluble in water; but 
the process is tedious and the yield small (about 30% yield of 
the monobasic acid). Attempts to prepare 8-piperazinopropionic 
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acid, HN<C,H,>N-[CH,],,CO,H, and y-piperazinobutyriec acid, 
HN<C,H,>N-[CH,],-CO,H, by similar methods failed, for, although 
in each case the mixture of mono- and di-basic acids was obtained, 
no method of separation giving pure products could be found. 

Attempts were therefore made to find conditions for the pre. 
paration of the unknown monoacyl] derivatives of piperazine, since 
a substance of the type HN<C,H,>N-COR should allow of the 
preparation of the compounds R,N<C,H,>N-COR which on 
hydrolysis would give R,N<C,H,>NH, where R, is any desired 
substituent. 

Since ethyl chloroformate even with excess of piperazine produces 
only the dicarbethoxy-compound, it is evident that the rate of 
reaction of the chloroformic ester with monocarbethoxypiperazine, 
which, presumably, is the first product, is specifically very much 
greater than the rate of reaction of the ester with piperazine; for 
otherwise some monocarbethoxypiperazine must remain in the 
solution. And the same must be true of the relative rates of reaction 
with piperazine and with the monosubstituted piperazine of all the 
compounds which produce only disubstituted derivatives. This 
relation seemed so remarkable that later, when the mono-substituted 
derivatives had been prepared and their properties were known, 
special experiments were made to find out whether, in fact, mono- 
substituted derivatives were formed under ordinary conditions, but 
had escaped isolation; no such derivatives could be detected. 

The following considerations show that the possibility of survival 
of a monosubstituted derivative is much increased if the reaction is 
carried out in acid solution. A salt of a diacid base, such as piper- 
azine, undergoes hydrolysis in aqueous solution in two stages 
represented by the equations (anions omitted) 


H,N<0,H,>NH, + H,O == H,N<C,H,>NH,-0H + H = 
H,N<C,H,>NH+H+H,0O. . 1. .« (I) 


H,N<C,H,>NH + H,0 — HO-H,N<C,H,>NH + H — 
¥ vy 
HN<(0,H,>NH+H+H,O. ..... (2) 
% 

These equations represent respectively the hydrolysis correspond- 
ing to the second and the first dissociation constant of the base 
itself; and since the second dissociation constant of a diacid base 
must be much smaller than the first—just as in dibasic acids—the 
degree of hydrolysis corresponding to equation (1) will be much 
greater than that corresponding to equation (2). We have not the 
data necessary for finding the separate values of x, and a, in equation 
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(2), but putting «= 2, + 2,, we find that y/x is given by the 
expression [H].K,/K,., where [H] is the concentration of hydrion, Ky 
is the “‘ apparent ”’ first dissociation constant of piperazine, and K,, is 
the ionic product of water. Using the known values of A, and K,, 
(Landolt~Bérnstein, “‘ Tabellen,”’ 1923), the value of y/x is found to 
be [H] X 101 and is thus very large even in weakly acid solution. 
If a reactive halogen compound, e.g., ethyl chloroformate, is 
added to a solution of piperazine hydrochloride, it can react with 
H,N<C,H,>NH to form H,N<C,H,>N-C0;Et, the kation of 
the salt of the monocarbethoxy-compound. Comparatively very 
little reaction can occur with HN<C,H,>NH, since its concen- 
tration is relatively smal]. But the salt of the monocarbethoxy- 
compound will itself undergo hydrolysis according to the equation 


H,N<C,H,>N-CO,Et + H,O == HO-H,N<C,H,>N-00,Et +H 
m 1 
ost Hay Hiy>W-O0 it Qt Bie i oicsie (8) 
2 


The extent of this hydrolysis depends on the dissociation constant of 
the monocarbethoxy-compound, which will probably be smaller 
than, but at any rate of an order of magnitude not very different 
from, the first dissociation constant of piperazine, so that the ratio 
m/l, where | = 1, + 1, in equation (3), will be of much the same 
order as the ratio y/z, 1.e., very large. Thus, of the four substances 
in the solution containing iminic hydrogen, which are therefore 


capable of reacting with ethyl chloroformate, viz., H,N<C,H,>NH, 
HO-H,N<C,H,>NH, HN<C,H,>NH, and HN<C,H,>N-CO,Et, 
the first has a concentration very large compared with the con- 
centrations of the other three, so long as the solution is acid. 
When half the piperazine has reacted, and if the solution is N/1000 
with regard to hydrion, the concentration of H,N<C,H,>NH 
is probably more than a million times the concentration of 
HN<C,H,>N°CO,Et. So that even though the specific rate of 
reaction of ethyl chloroformate with monocarbethoxypiperazine is so 
much greater than its rate of reaction with piperazine, the ratio of the 
concentration of HN<C,H,>N-CO,Et to that of H,N<C,H,>NH 
in acid solution is so small, and therefore so unfavourable to the 
former reaction, that a considerable quantity of monocarbethoxy- 
piperazine should remain in the solution as hydrochloride. 
Although concentration ratios become more favourable for the 
purpose in view the higher the hydrion concentration is maintained 
during the reaction, there must be an upper limit to the useful 
sonoaneiration of hydrion, since the concentrations of both 
c 
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H,N<C,H,>NH and HN<(,H,>N-CO,Et diminish with increas. 
ing hydrion concentration, and a point must be reached when the 
rate of reaction would become inconveniently small. Other things 
being equal, the halogen compound which has the greatest rate of 
reaction with piperazine should therefore give the best results in 
practice, since for a given duration of the experiment it will allow of 
the highest hydrion concentration. 

Preliminary experiments showed that of ethyl chloroformate, 
benzoyl chloride, and toluenesulphonyl chloride, the first reacts 
most quickly with piperazine; and that the rate of reaction of the 
ester with piperazine becomes too small for preparative purposes if 
the acidity exceeds approximately 0-0015N (py = 2-8). The pro- 
cedure found successful was the following. To a concentrated 
solution of piperazine containing some bromophenol-blue (pg 2-8 — 
4-6), 2N-hydrochloric acid was added until the neutral tint of the 
indicator appeared. Small quantities of ethyl chloroformate and 
2N-sodium hydroxide were run in at intervals, with vigorous 
stirring, each addition of ester being allowed to disappear before the 
addition of the alkali, and only sufficient of the latter being added 
at one time to bring the colour of the indicator back to the neutral 
tint. The process was continued until a test showed that no 
piperazine remained. The solution so obtained contains both 
mono- and di-carbethoxypiperazines, of which the latter is readily 
extracted by ether after addition of excess of alkali, whereas the 
monocarbethoxypiperazine is hardly extracted at all until the solution 
has been saturated with potassium carbonate. The yields of the 
mono- and the di-derivative correspond to 70% and 12%, respect- 
ively, of the piperazine used. The proportion of mono- to di- 
carbethoxypiperazine falls either if a less acid indicator is used, or if 
the additions of alkali are made before the previous addition of ethyl 
chloroformate has been used up—no doubt on account of the 
momentary alkalinity where the drops of alkali enter the solution. 

In later experiments the necessary degree of acidity was main- 
tained by addition of a strong solution of sodium acetate, instead of 
sodium hydroxide. On account of the buffering action of the sodium 
acetate—acetic acid mixture, the concentration of hydrion rises only 
slowly as hydrochloric acid is liberated during the reaction, so that 
it is kept nearer the most favourable point. The yields were 
practically unaltered, but the duration of the experiment was 
reduced from about 44 hours to about 2} hours, and less ethyl 
chloroformate, of which a considerable amount is lost by evaporation 
and hydrolysis, was required. 

With benzoyl chloride under similar conditions the yield of mono- 
benzoylpiperazine was only 22%, of the theoretical; with toluene- 





sulp 
mon 
Si 
men 
no .) 
most 
chlo 
corre 
cres¢ 
hour 
bette 
mone 


OF PIPERAZINE AND ETHYLENEDIAMINE. PART I. 43 


sulphonyl chloride the reaction was exceedingly slow, and no 
monotoluenesulphonyl compound could be isolated. 

Since the method should apply in general to diacid bases, experi- 
ments were carried out with ethylenediamine, another base of which 
no V-mono-alkyl or -acyl derivatives have yet been described. The 
most favourable hydrion concentration for the reaction with ethyl 
chloroformate in this case is approximately 0-0001N (py = 4), 
corresponding to the acidic end of the range covered by bromo- 
cresol-green. With sodium hydroxide the experiment takes 7 
hours, and with sodium acetate 34 hours, but the yields are slightly 
better with the former and are 60—70% of the theoretical yield of 
monocarbethoxyethylenediamine, H,N-C,H,NH-CO,Et, and 10% of 
the dicarbethoxy-compound. 

The preparation of compounds RN<C,H,>N-CO,Et from 
carbethoxypiperazine offered little difficulty. The carbethoxy- 
group is removed from these compounds rapidly (2 hours) by boiling 
alkali, but only very slowly (2—3 days) by boiling hydrochloric acid. 
Nevertheless the latter method is in many cases more convenient, 
for several of the products are best isolated as hydrochlorides. If 
R is an acidic radical, it is usually removed with the carbethoxy- 
group, so that, except for the toluenesulphonyl derivative, the 
monoacyl compounds cannot be prepared through the carbethoxy- 
compounds. But it should be possible to prepare such derivatives 
directly, in acid solution, and this has been done in the case of 
monobenzoylpiperazine. 

The solubilities of the compounds RN<C,H,>N-CO,Et are some- 
what remarkable. When R is benzoyl or toluenesulphonyl, the 
compounds are readily soluble in the common organic solvents, but 
are practically insoluble in water; when R is C,H;, C,H,°OH, 
CH,*CO,Et or [CH,],-CO,Et, the compounds are liquids miscible in 
all proportions with water, as well as with organic solvents (benzene, 
ether, chloroform) at the ordinary temperature, but the aqueous 
solution of carbethoxyethylpiperazine separates into two phases on 
warming. 

Of the compounds HN<C,H,>NR which have been prepared, all 
except toluenesulphonylpiperazine are exceedingly soluble in water. 
Thus carbethoxy- and ethyl-piperazine are practically not extracted 
from aqueous solution by ether, with which, however, they are both 
completely miscible ; benzoylpiperazine is not extracted from aqueous 
‘olution by ether, in which it is very soluble; and all three com- 
pounds mix with or dissolve in benzene. On the other hand, the 
aids HN<C,H,>N-(CH,],"CO,H (where n=1, 2, or 3) are 
practically insoluble in organic liquids except that they are sparingly 
‘oluble in hot aleohol—no doubt because they exist as internal salts 
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HN<C HH, NH: [CH], CO, or H,N <C,H,>N- [CH], CO,. From 
aqueous solution piperazinoacetic acid crystallises, or is precipitated 
by alcohol, as hydrated crystals, which retain one molecule of water 
per molecule even over sulphuric acid and dehydrate exceedingly 
slowly over phosphoric oxide; the other two acids cannot be made 
to crystallise from water and are precipitated by alcohol in anhydrous 
forms. Piperazinoacetic acid thus resembles piperidinoacetic acid, 
which retains one molecule of water with great tenacity (Bischoff, 
Ber., 1898, 31, 2841; Wedekind, Ber., 1899, 32, 723), rather than 
glycine, which is anhydrous. But if the combination with water is 
to be attributed to the grouping common to these two acids, 


R CH HN H-CH,-CO,, where R is NH in piperazinoacetic acid 


and CH, in "Diferidtnobcelat acid, it is difficult to see why the two 
higher acids do not share this property. 

The salts of these acids are in some cases complex. For instance, 
the very dark blue copper salt of piperazinoacetic acid gives on 
dehydration a green salt which does not revert to the blue under 
any conditions tried, and in both the blue and the green solution 
some of the normal reactions for copper are absent. A detailed 
investigation of these salts is being undertaken. 

The monosubstituted piperazines form with carbon dioxide 
unstable, and with carbon disulphide stable, addition compounds, of 
which the latter are formed with considerable heat evolution, sub- 
lime almost without decomposition, and are not desulphurised by 
metallic oxides. The molecular proportion of carbon disulphide to 
base in these compounds is 1: 1 with ethylpiperazine, as it is in the 
case of piperazine itself (Herz, Ber., 1897, 30, 1585), and 1 : 2 with 
monoacylpiperazines. Two basic groups, one containing a mobile 
hydrogen atom, thus appear to be necessary for the formation of these 
compounds, and in view of the similarity of their behaviour to that 
of the dithiocarbamates formed from secondary amines (Grodzki, 
Ber., 1881, 14, 2756) i may be formulated as 


Loa CH, ‘NH, <C,H,>NAc 


and 
“NCH, SS ae om N<C,H,>NaAc 
or more Chl 


+ =, NH,<C,H,>NAc 


NC and CS, 


\alk \N< CH, > NAc 

A few compounds R-NH-C,H,-NH’CO,Et and R-NH-C,H,NH; 
were prepared from carbethoxyethylenediamine by the same methods 
as were used for the piperazine derivatives, which they resembled in 
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general properties. Lower yields and the occurrence of residues 
during purification indicated that side reactions took place, as 
indeed would be expected since both ring-formation and condens- 
ation are obviously possible with most of the substances involved. 
The acid H,N-C,H,-NH-CO,H (which was prepared so that its salts 
might be compared with those of the acids derived from piperazine) 
is readily obtained anhydrous, differing thus from piperazinoacetic 
acid. 
EXPERIMENTAL. 
Derivatives of Piperazine. 


Ethyl Piperazine-1-carboxylate (N-Carbethoxypiperazine), 
HN<C,H,>N-CO,Et. 
—Ethy] chloroformate (25—-32:¢c.c.) was allowed to react with piper- 
azine (38-8 g. of hexahydrate) under the conditions described on 
p. 42, the additions of ester and sodium acetate being continued 
until the product of benzoylation of afew drops of the solution was 
completely soluble in ether. (Benzoylcarbethoxypiperazine is 
soluble, and dibenzoylpiperazine, which is formed on benzoylation 
so long as the solution still contains piperazine, is insoluble in ether. 
If unchanged piperazine remains, some of it will be extracted with 
the carbethoxy-compound and complicate the purification of the 
latter.) Sodium hydroxide (100 c.c. of 20% solution) was added, 
with ice-cooling to diminish saponification of the esters, and the 
dicarbethoxypiperazine extracted with ether (3 extractions). The 
solution was then saturated with potassium carbonate (ice-cooling), 
filtered from precipitated salts, and extracted exhaustively with 
ether. From the ethereal solution, dried over sodium sulphate, a 
colourless viscid liquid, b. p. 116—117°/12 mm. and 237°/760 mm., 
was obtained. The yield (average) was 22-2 g., and also 5-7 g. of 
dicarbethoxypiperazine (Found: C, 53:3; H, 9-0. C,H,,0,N, 
requires C, 53-2; H, 8:9%). The substance mixes in all proportions 
with water and the common organic solvents. When carbon dioxide 
is passed through its dry ethereal solution, it forms an addition 
produet which deliquesces in air and loses carbon dioxide in a 
desiccator. An addition compound, 2HN<C,H,>N:CO,Et,CS,, 
precipitated with evolution of heat when carbon disulphide is added 
to an alcoholic solution of the substance, is a faintly yellow powder, 
insoluble in water, sparingly soluble in alcohol and benzene, which 
sublimes rapidly at 130—140° and melts (decomp.) at 148° (Found : 
N, 14-2. C,;H,,0,N,S, requires N, 14-3%). 
Ethyl 4-benzoylpiperazine-1-carbozylate, 
C,H,-CO-N<C,H,>N-CO,Et, 
prepared by benzoylating carbethoxypiperazine in the cold in 
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presence of dilute alkali (N/10), is easily soluble in ether and benzen 
and is best recrystallised from light petroleum; m. p. 82° (Found: 
C, 64-4; H, 6-8. C,,H,,0,N, requires C, 64-1; H, 69%). 

N-Benzoylpiperazine can be obtained only in very small yield by 
shaking the preceding compound with cold N /10-sodium hydroxide, 
the main products being sodium benzoate and piperazine. It was 
prepared by direct benzoylation of piperazine under the conditions 
used in the preparation of carbethoxypiperazine (p. 42). At the 
end of the reaction the precipitate of dibenzoylpiperazine and 
benzoic acid was filtered off, the solution made alkaline, and the 
monobenzoylpiperazine extracted with chloroform. The substance 
is excessively hygroscopic, very soluble in the common organic 
solvents, but can be crystallised by evaporation of a dry ethereal 
solution in a desiccator; m. p. 64° (Found: C, 69-6; H, 7-6. 
C,,H,,ON, requires C, 69-5; H, 7-4%). 

Ethyl 4-p-toluenesulphonylpiperazine-|-carboxylate, 

C;H,S0O,N<C,H,>N-CO,Et, 
was prepared by stirring an ethereal solution of p-toluenesulphony! 
chloride with a weakly alkaline solution of carbethoxypiperazine. 
After recrystallisation from benzene and ligroin it melted at 121° 
(Found: C, 53-9; H, 63. (C,,Hj.0,N,8 requires C, 53-9; H, 
6-4%). 

N-p-Toluenesulphonylpiperazine was obtained by boiling the 
preceding compound with 10% alcoholic potassium hydroxide for 
2 hours. It is sparingly soluble in water (alkaline solution) and 
easily soluble in benzene. After recrystallisation from benzene and 
ligroin it melts, slowly heated, at 110°, but when heated rapidly it 
melts at 102°, resolidifies, and melts again at 110° (Found : C, 55-2; 
H, 6-6. C,,H,,0,N,S requires C, 55-0; H, 6-7%). An addition 
compound, 2C,,H,,0,N,S8,CO,, was precipitated when carbon 
dioxide was passed through its alcoholic solution. This decom- 
poses on boiling with water and melts at 107° (decomp.) (Found : 
S, 12:1. C,,H,,0,N,8, requires 8, 12-2%). On addition of carbon 
disulphide to an alcoholic solution of toluenesulphonylpiperazine @ 
faintly yellow addition product, 2C,,H,,0,N.8,CS,, was precipitated. 
It is insoluble in water and the common solvents, melts at 171’, 
but sublimes at lower temperatures with very slight decomposition 
(Found: 8, 23-5. C,,;H,.0,N,S, requires 8, 23-0%). 

Ethyl 4-Ethylpiperazine-1-carboxylate, EtO,C-N<C,H,>NEt— 
When ethyl iodide reacts with carbethoxypiperazine in alcoholic 
solution a quaternary iodide is formed in addition to carbethoxy- 
ethylpiperazine, and it was not found possible to separate the latter 
compound from the carbethoxypiperazine left unchanged. A goo! 
yield (70—75%) of the ethyl derivative was obtained by heating 
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a solution of carbethoxypiperazine (12 g.) and excess of ethyl p- 
toluenesulphonate (20 g.) in dry alcohol (50 c.c.) with sodium carbon- 
ate (5-2 g.) at 100° until the evolution of carbon dioxide had ceased. 
After removal of the alcohol the residue was dissolved in 100 c.c. of 
N-sodium hydroxide and extracted with ether, a colourless viscid 
liquid, b. p. 136°/28 mm., being finally obtained (Found: C, 57-9; 
H, 9-7. C,H,,0,N, requires C, 58-1; H, 9°7%). The substance, 
which smells rather like triethylamine, mixes with water in all 
proportions at laboratory temperature, giving alkaline solutions 
which separate into two phases on warming. 

N-Ethylpiperazine dihydrochloride was obtained as colourless, very 
deliquescent crystals by boiling the preceding compound with con- 
centrated hydrochloric acid for 3 days, evaporating the solution, 
and precipitating the salt with alcohol (Found: Cl, 38-1. 
C,H,,N,,2HCl requires Cl, 37-9%). 

N-Ethylpiperazine—By heating the hydrochloride with dry 
slaked lime, drying the distillate with solid potash and redistilling 
it, ethylpiperazine was prepared as a colourless mobile liquid, 
b. p. 155—158° (Found: C, 62-7; H, 12:3. C,H,,N, requires 
C, 63-2; H, 12-3%). The base, which smells like triethylamine, 
mixes with water, ether, and chloroform in all proportions and is 
extracted only with difficulty from its aqueous solutions. It forms 
a normal chloroplatinate (Found: Pt, 37-1. C,H,,N,,H,PtCl, 
requires Pt, 37-2%) and chloroaurate (Found: Au, 49-2. 
C,H,,N.,2HAuCl, requires Au, 49-6%). An addition compound, 
C,H,,N.,CS,, is formed with heat evolution as a yellow precipitate 
when carbon disulphide is added to an alcoholic solution of the base. 
It is insoluble in the common solvents, and sublimes very rapidly 
above 160° (Found : N, 14:8. C,H,,N,S, requires N, 14-7%). 

Ethyl 4-8-hydroxyethylpiperazine-1-carboxylate, 

Et0O,C-(N<C,H,>N°C,H,OH, 

was prepared by heating carbethoxypiperazine (30 g.) with excess of 
ethylene chlorohydrin (20 g.) and anhydrous sodium carbonate 
(13-5 g.) at 110° under reflux for 6 hours, by which time the evolution 
of carbon dioxide had ceased. The temperature was raised to 140° 
for 1 hour, and the mixture then made alkaline with 10°, sodium 
hydroxide solution and extracted with ether. From the ethereal 
solution, dried over sodium sulphate, a viscid colourless liquid, 
b. p. 184°/17 mm., was obtained. Yield, 70% (Found: C, 53-2; 
H, 8-9. C,H,,0,N, requires C, 53-5; H, 89%). The substance 
mixes in all proportions with water and the common solvents. 

N-8-Hydroaxyethylpiperazine dihydrochloride was prepared by 
hydrolysing the preceding compound with concentrated hydro- 
chloric acid for 2 days, evaporating the solution, and precipitating 
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the salt with alcohol (Found: Cl, 34-9. C,H,,ON,,2HCl requires 
Cl, 34:9%). It forms a normal chloroplatinate (Found: Pt, 36-5. 
C,H,,ON,,H,PtCl, requires Pt, 36-5%) and chloroaurate (Found : 
Au, 48-6. C,H,,ON,,2HAuCl, requires Au, 48-7%). 

Ethyl 4-Carbethoxypiperazinoacetate, 

Et0,0-N<C,H,>N-CH,°CO,Et. 

—Equivalent weights of carbethoxypiperazine (15-8 g.), ethyl chloro- 
acetate (12-3 g.), and anhydrous sodium carbonate (5:4 g.) were 
heated together on the steam-bath until the evolution of carbon 
dioxide ceased (1—1} hours). After the mixture had cooled, water 
just sufficient to dissolve the whole mass was added, and the solution 
extracted with ether. From the ethereal solution a viscid liquid, 
b. p. 183°/18 mm., was obtained (Found: C, 53-8; H, 83. 
C,H. )0,N, requires C, 54-1; H, 8-2%). The substance mixes in all 
proportions with water (alkaline reaction) and the common solvents, 
except ligroin. Complete hydrolysis with acid requires 2—3 days, 
but after a few hours’ heating, evaporation and treatment with 
potassium carbonate gives an alcohol-soluble potassium salt; this is 
probably KO,C-CH,-N<C,H,>N-CO,Et, since in other compounds 
the carbethoxy-group is very resistant to acids. Hydrolysis by 
alkalis is rapid, but, on account of the difficulty in recovering piper- 
azinoacetic acid from its metallic salts, not convenient in practice. 

Piperazinoacetic acid hydrochloride, ) 

HN<C,H,>N-CH,°CO,H,2HCI, 

is very soluble in water, but the aqueous solution gives anhydrous 
crystals which with slow crystallisation may be } inch long or more 
(Found: Cl, 32:6. C,H,,0O,N,,2HCl requires Cl, 32-7%). The 
crystals were kindly examined by Dr. T. V. Barker, who reports that 
they belong to the orthorhombic system with the following forms 
about equally developed: a (100), b (010), ¢ (001), q (O11), o (111) 
and 2x (221). The axial ratios, a: 6:c = 0-9562 : 1 : 0-6408, were 
computed from the following two-circle measurements : 


a(100). 6(010). (221). o(111). q(O1l). (001). 
0° 0’ 37°52’ *57°21’ 57°21" ~~ 90° 0’ 
90 0 50 24 *60 34 90 0 90 0 


Piperazinoacetic acid, HN<C,H,>N-CH,°CO,H or 


HN<C,H,>NH-CH,;CO,, 
was prepared by adding a suspension of silver carbonate to a boiling 
dilute solution of the hydrochloride, filtering the liquid hot, and 
removing the dissolved silver by means of hydrogen sulphide. (The 
solution, before treatment with the gas, is brown, and on standing 
deposits a few dark brown crystals of an explosive silver salt.) 
The acid was finally precipitated by alcohol from the concentrated 
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aqueous solution. It is very soluble in water (alkaline reaction), 
sparingly soluble in hot alcohol, and practically insoluble otherwise. 
From concentrated aqueous solutions it separates as transparent 
prisms which effloresce almost at once in air to a white powder ; 
this loses no weight over sulphuric acid but still contains. water 
which it loses at 100° or, very slowly, over phosphoric oxide (Found : 
C, 447; H, 87; N, 17-3; loss at 100°, 11-0. C,H,,.0,N,,H,0 
requires C, 44-5; H, 87; N, 17-3; H,O, 11-1%). At 140—150°, 
the acid begins to darken and no melting takes place below 300° ; 
when rapidly heated, it melts at 279°, decomposing into water and a 
mixture of solid products. 

The procedure described on p. 48 served also for the preparation 
of ethyl 4-carbethoxypiperazino-8-propionate, 

Et0O,C-N<C,H,>N-[CH,],°CO, Et, 

b. p. 198°/22 mm. (Found: C, 55-8; H, 8-5. C©,,.H,.0,N, requires 
C, 55-9; H, 86%), from ethyl $-iodopropionate, and of ethyl 
4-carbethoxypiperazino-y-butyrate, EtO,C-N <C,H,>N-[CH,]j°CO,Et, 
b. p. 207°/21 mm. (Found: C, 57-1; H, 8-8... C,,H5,0,N, requires 
C, 57-4; H, 8-9%), from ethyl y-chlorobutyrate, except that a higher 
temperature was required in the latter case. The further treatment 
of these esters to produce the four following compounds was the same 
as for the similar derivatives of acetic acid. 

Piperazino-8-propionic acid dihydrochloride is too soluble to be 
crystallised from water, but is precipitated as extremely deliquescent 
crystals by alcohol (Found: Cl, 30-8. C;H,,0,N,,2HCI requires 
Cl, 30-7%). 

Piperazino-8-propionic acid, HN<C,H,>N-[CH,],°CO,H or 


HN< C,H, >NH-[CH,],°CO,, cannot be crystallised from water. It 
has an alkaline reaction. When heated quickly, it melts at 215°, 
but at 200° decomposition with subsequent melting is rapid (Found : 
C, 52-9; H, 8-8. C,H,,0,N, requires C, 53-2; H, 8-9%). 
Piperazino-y-butyric acid hydrochloride was too deliquescent for 
convenient handling, so the chloroplatinate was prepared for analysis 
(Found: Pt, 33-4. C,H,,O,N,,H,PtCl, requires Pt, 33-5%). 
Piperazino-y-butyric acid, HN<C,H,>N-[CH,],°CO,H or 


HN<C,H,>NH-(CH,],°CO,, resembles the preceding acid in its 
solubilities. It melts at 235° with rapid heating, but decomposes 
slowly at lower temperatures. 


Derivatives of Ethylenediamine. 
Carbethoxyethylenediamine, EtO,C-NH:C,H,-NH,, was prepared 
by the method described for carbethoxypiperazine, except that 
bromocresol-green was used as indicator. The substance is extracted 
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only slowly by ether from its aqueous solutions even after saturation 
with potassium carbonate. The smaller yield when sodium acetate 
is used (p. 43) is due to incomplete saturation with potassium 
carbonate, for there is a slow separation of potassium acetate from 









































the solution during extraction. The substance is a colourless viscid ) 
liquid, b. p. 135°/20 mm. (Found: C, 45-2; H, 9:2. C;H,,0,N, ( 
requires C, 45-5; H,9-1%). Heated under atmospheric pressure, it 1 
decomposed before boiling and a mixture of products was left from f 
which on distillation (314—320°) a fraction was obtained having the V 
m. p. and solubilities of ethylenecarbamide (E. Fischer and Koch, g 
Annalen, 1886, 232, 227); the same substance is formed when a Oo 
solution of carbethoxyethylenediamine in dilute aqueous soda is 1, 
kept for afew days. But the pure compound may be kept for weeks, al 
or repeatedly distilled under a low pressure, without ring closure 
occurring. On exposure to air the substance absorbs carbon dioxide th 
and water and ultimately gives crystals of an addition compound, at 
2C;H,,0,N,,CO,, which is best prepared by passing carbon dioxide § 14 
into an ethereal solution. The addition compound is soluble in J so 
water and alcohol, melts, when heated rapidly, at 102—103°, but # H. 
decomposes slowly at lower temperatures (Found : C, 43-0; H, 7:8. pre 
C,,H,,0,N, requires C, 42-9; H, 78%). With carbon disulphide § ob 
in ethereal solution the carbethoxy-compound reacts, but without 
heat evolution, to produce a compound quite unlike that given by ‘ 
carbethoxypiperazine in being very hygroscopic and soluble in § Wy 
alcohol. It has not yet been obtained pure enough for analysis. ing 

N-Benzoyl-N’ -carbethoxyethylenediamine, of § 

C,H,-CO-NH-C,H,-NH-CO,Et, Soe 

is sparingly soluble in water and readily soluble in the common § inv 
solvents and crystallises from dilute alcohol in clusters of small R 
needles, m. p. 130° (Found: C, 60-8; H,6-8. C,,.H,,0,N, requires 
C, 61-1; H, 6-8%). 

N-Toluenesulphonyl-N’ -carbethoxyethylenediamine, 

C,H,-SO,"-NH-C,H,NH:°CO,Et, 

is almost insoluble in water, soluble in the common solvents, and is IX, 
best recrystallised from ether; m. p. 66° (Found: C, 50-3; H, 
6-3. C,,H,,0,N,S requires C, 50-4; H, 6-3%). 

N-Toluenesulphonylethylenediamine was prepared by boiling the 
preceding compound for 2 hours with 10% alcoholic potassium § Tux 
hydroxide. After removal of the alcohol and neutralisation the @ has | 
substance separates slowly in fine needles, or can be extracted by § Dixo; 
chloroform. It is sparingly soluble in water and ether, and easily 9 physi 
soluble in chloroform and benzene. Recrystallised from benzene, it @ 1913, 
melts at 121° (Found: ©, 50-3; H, 6-4. C,H,,0O,N,8 requires @ atmo: 





istic , 





C, 50:5; H, 66%). 
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Ethyl N’-carbethoxyethylenediamino-N -acetate 

EtO,C-NH-C,H, ‘NH-CH,’CO, Et, 

was prepared from corbsthonyethaylaiiediantine under the conditions 
given (p. 48) for the preparation of the corresponding piperazine 
derivative. But on attempting to distil the ester, decomposition 
occurred and distillation did not commence until 217°/21 mm. 
was reached; the product then obtained had properties different 
from those of the original ester. This was therefore hydrolysed, 
without previous distillation, to the hydrochloride of 6-aminoethyl- 
glycine, H,N-C,H,-NH-CH,°CO,H,2HCI,2H,0 (Found : Cl, 31-2; loss 
over P,O;, 15:8. CyH,90.N,,2HCI,2H,0 requires Cl, 31-2; H,O, 
15-9%). The salt loses both hydrogen chloride and water at 105° 
and dehydrates only slowly over sulphuric acid. 

8-Aminoethylglycine was prepared from the hydrochloride under 
the conditions described on p. 48, and was obtained by precipit- 
ation with alcohol as an excessively hygroscopic substance, m. p. 
144°, sparingly soluble in hot alcohol, insoluble in other organic 
solvents (Found: C, 40-8; H, 8-6. C,H,,0,N, requires C, 40-7; 
H, 85%). At the same time an alcohol-soluble substance was 
produced, of which sufficient for identification has not yet been 
obtained. 
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IX.—The Infra-red Emission Spectra of Flames in 
Nitrous Oxide. 


By CHARLES REYNOLDS BaiLtEy and Kun-Hov_ Lin. 


THE combustion of certain gases in an atmosphere of nitrous oxide 
has been described by Barratt (Proc. Roy. Soc., 1920, A, 98, 40), 
Dixon and Higgins (Fuel, 1926, 6, 232) and others. Reiss (Z. 
physikal. Chem., 1911, 76, 560) and Reiss and Waldbauer (ibid., 
1913, 85, 62) have also utilised nitric oxide as the supporting 
atmosphere. All these authors have been struck by the character- 
istic appearance of the flames, their enlarged size, the increased 
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illumination, and the numerous zones. Reiss showed’ ammonia, 
hydrogen cyanide, and formaldehyde to be present in the interconal 
space, and Barratt obtained spectroscopic evidence of the water 
vapour, ammonia, and cyanogen bands under the appropriate 
conditions. The ready decomposition of nitrous oxide at temper- 
atures above 700° has justified the assumption that, as far as the 
end products are concerned, the combustible gas burns in the oxygen 
furnished by this decomposition. Our examination of such flames 
by infra-red spectroscopy supports the assumption in general, but 
we have obtained evidence of a striking anomaly in the case of the 
hydrogen flame. 
EXPERIMENTAL. 

Apparatus —A Hilger  constant-deviation spectrometer (type 
D 42), fitted with a rock-salt prism, was used in conjunction with 
a thermopile-galvanometer combination. The galvanometer was 
of the Downing pattern (J. Sci. Inst., 1926, 3, 331) and was pro- 
tected from magnetic disturbances by a mu-metal shield (A. V. Hill, 
ibid., p. 335). Mechanical interference was largely eliminated 
by supporting the instrument on a large wooden block resting on a 
brick pillar let into the ground, and the inertia of the whole was 
greatly increased by the use of the soft-iron shields associated with 
the Paschen instrument. The sensitivity was of the order of 
2:5 x 10-19 amp. per mm. deflexion at a scale distance of 1 metre. 
The work was carried out in a constant-temperature room with 
double walls; the spectrometer was enclosed in a felt-covered box 
of which the thermal capacity was increased by means of a large 
stoppered bottle full of water: the temperature of the enclosure 
was checked at intervals and found to be constant at 18°. The 
drum was manipulated from a distance and read by means of a 
telescope. The instability of zero due to the adiabatic compression 
and expansion of the atmosphere was reduced to a minimum by 
coupling a similar thermopile in an opposed sense to the recording 
instrument inside the case. The gases were burned in a cupboard 
and viewed by the spectrometer through parallel slits in two large 
pieces of tin plate, local heating in the box thus being prevented. 
The work was carried out between the hours of 11 p.m. and 5 a.m. 

The spectrometer was calibrated in the following manner: The 
instrument was set on the sodium lines 0:5893 u, very narrow slits 
being used; this setting gave concordant results on bench marks in 
the further infra-red with those obtained by using the helium line 
0-588 ». As a check on the drum graduations, additional maxima 
were determined: these included the helium bands at 1-08 and 
2-06 u from a gaseous discharge lamp fitted with a quartz window, 
and the water vapour emission bands at 2-81, 5-32, and 6-60 p from 
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a hydrogen flame in air, as determined by Paschen (Ann. Physik, 
1894,'53, 334). With these precautions, the carbon dioxide maxi- 
mum in the Bunsen flame was obtained at 4-46 u: the generally 
accepted value of 4-40 u is probably too low, but inasmuch as the 
drum, in the type of instrument used, is engraved with reference to 
values of the refractive index of rock-sa]t uncorrected for temper- 
ature changes, too much stress cannot be placed on this. With a 
slit width of 0-25 mm. for both collimator and thermopile, the 
average deflexion for this maximum at 1-5 metres scale distance was 
50 cm. The value of the slit width in terms of range of spectrum 
varies over the region examined and is indicated by hatched lines 
above the curves; the separate maxima are 
uncorrected for slit width. 

The gases were burned at a 4-mm. silica 
jet in a vessel of Pyrex glass of the form 
shown in Fig. 1, the window A being of rock- 
salt. This shape of tube was chosen in 
order to avoid emission from the heated 
walls, and for the same reason the tip of 
the silica jet was kept below the level of the 
window. 

Results and Discussion. 


The normal spectrum derived from a flame 
in the infra-red is that of the resultants and 


not of the reactants. The gases studied in a 
the present research include hydrogen, carbon NS 
monoxide, and coal gas; consequently the Fie. 1. 
anticipated spectra are those of water vapour 

and carbon dioxide. This experimental fact may be due to the 
condition that generally the supporting atmosphere consists of 
oxygen or air, both of which are non-polar and without a character- 
istic infra-red spectrum. If the conditions were reversed and, say, 
oxygen burnt in an atmosphere of carbon monoxide, it might be 
possible by thermal stimulation to obtain an emission spectrum 
from both reactants and resultants. It will be seen that in the case 
of hydrogen burning in nitrous oxide we have been able to obtain 
a spectrum which will admit of the above suggestion as a partial 
explanation. 

Two methods were adopted for burning the gasés: in one the 
gases were premixed with nitrous oxide in a Y-tube, and in the other 
the combustible gas was burned in an atmosphere of nitrous oxide. 
Hydrogen and nitrous oxide were obtained from cylinders, and 
carbon monoxide was prepared by the action of warm sulphuric 
acid on formic acid; the gases were roughly dried by passing over a 
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long column of phosphoric oxide. Observations of the energy 
curves were made at intervals of 0-1 u, except in the neighbourhood 
of each peak maximum, for which the interval was 0-05 y, or less ; 
the process adopted was to make each reading a difference observ. 
ation by the use of a shutter. 

Carbon monoxide. The same spectrum is obtained whether the 
gas is premixed with nitrous oxide or burned in the supporting 
atmosphere, and is the normal carbon dioxide emission spectrum 
shown in Fig. 2. The higher temperature of the flame produces 
shifts in the position of the bands and a characteristic decrease in 
the ratio of their relative intensities (compare Garner and Johnson, 


Fie. 2. 
Carbon monoxide burning in nitrous oxide. 


1 3 


Phil. Mag., 1927, 3, 97). The data are summarised in Table I, 
which includes the corresponding absorption values as determined 
by Schaefer and Philipps (Z. Physik, 1926, 36, 641). The intensities 


TABLE I. 


Wave-length. : F o. 
A Ratio of intensities, 
(2)/(1). 
Emission in air ° . 10-1 
= v 2. 9-0 
Absorption 2: , 28-5 


+ 


are assumed to be roughly measured by the galvanometer throw for 
the peak maximum. 

Coal gas. Here again the spectra obtained in both cases are the 
normal water vapour and carbon dioxide emission curves super- 
imposed, but with slight shifts in the position of the maxima. A 
detailed consideration of these is therefore omitted. 

Hydrogen. When the two gases are premixed, the normal 





OF FLAMES IN NITROUS OXIDE. 55 


emission spectrum of water vapour is obtained; the energy curve 
is given in Fig. 3, and may be compared with that given by Paschen 
(loc. cit.) for the hydrogen flame in air. The flame, however, is 
complex and possesses at least five zones. 


Fra. 3. 
Hydrogen premixed with nitrous oxide. 


Tg oy. 


If, now, the hydrogen is burned at the jet (see Fig. 1) in a supporting 
atmosphere of nitrous oxide, a very different spectrum appears 
and is shown in Fig. 4, curve (a). For the analysis of this, we must 
refer (i) to the absorption spectrum of nitrous oxide as determined 


Fia. 4. 


| 


5 6 7 8 Op. 
(a) —-—-—-—. Hydrogen burning in an atmosphere of nitrous oxide. 
Absorption spectrum of nitrous oxide (Warburg and Leithduser). 


by Warburg and Leithiuser (Ann. Physik, 1909, 28, 313), whose 
results are given in Fig. 4, curve (6), the chief maximum at 4-47 u 
having been afterwards resolved into a Bjerrum doublet by von 
Bahr (Verh. deut. physikal. Ges., 1913, 15, 710); and (ii) to the 
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emission and absorption curves for water vapour as given by Paschen 
(loc. cit.) and Hettner (Ann. Physik, 1918, 55, 476). The data for 
the outstanding peaks (in ») of the spectra involved are collected 
in Table IT. 

TaBLeE II. 
f Hydrogen in N,O ... 2-76 4-00 4-75 
\ Hydrogen in air 2: — 


j Water vapour , -— 


Emission Se 
3°89 4-47 


Absorp- 


tion | Nitrous oxide ...... 2-88{ 703 


The following deductions can be made concerning the new 
spectrum: (1) the broad band at 2-76 u may be attributed to a 
combination of the respective water vapour and nitrous oxide bands; 
(2) the band at 4-00 u is the emission analogue of the nitrous oxide 
absorption bands at 3-89 and 4-05 u, the dispersion of rock-salt in 
this region being insufficient to separate these; (3) nitrous oxide 
has a powerful absorption band at 4-47 u; it seems reasonable to 
ascribe the emission band at 4-75 u to this substance, the shift in 
position with increase in temperature being of the order obtained 
with carbon dioxide; (4) the appearance of a maximum at 5-49 u 
may be due to absorption by hot water vapour at 5-32 1; and finally 
(5) the peaks from 6-5 to 9-0 » present most of the characteristics 
of the. water-vapour spectrum, but upon this another spectrum is 
imposed which, with the resolution available, is indistinguishable. 

The new spectrum does not occur with carbon monoxide, or with 
coal gas in either mode of burning, and it is absent in the case of 
hydrogen premixed with nitrous oxide. Its production may there- 
fore be attributed to some form of stimulation by the burning 
hydrogen molecules, and, since it does not appear in the coal-gas 
flame, it is probably inhibited by carbon monoxide and hence the 
excitement is not merely thermal. 

Tre Srr Wriit1am Ramsay LABORATORIES OF INORGANIC AND 


Puysicat CHEMISTRY, UNIVERSITY COLLEGE, 
Lonpvon. [Received, October 10th, 1928.] 





X.—Carbon Sulphidoselenide. 


By Henry Vincent Arrp Briscor, Jonny Burrery Peet, and 
Percy Lucock Rosrson. 


In the course of attempts to prepare carbon diselenide, carbon 
disulphide was passed over heated ferrous selenide, in the hope that 
a complete replacement of sulphur by selenium would occur 
Although this has not been realised, a partial replacement occu!’ 
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whereby some of the carbon disulphide is converted into carbon 
sulphidoselenide, CSSe. 

Our knowledge of this interesting compound has rested hitherto 
entirely on the work of Stock and Willfroth (Ber., 1914) 47, 144), 
who prepared it by striking an are under liquid carbon disulphide 
between poles of carbon containing selenium. We have, therefore, 
prepared a quantity of this substance by the new method here 
described, purified it carefully, and investigated further both its 
physical properties and some of its chemical reactions. . Besides 
redetermining some of the physical constants given by Stock and 
Willfroth, whose data we are able generally to confirm, we have 
determined for the first time the coefficient of expansion, the'vapour 
density, and the surface tension. 

Little was known of the chemical properties of carbon sulphido- 
selenide. ‘The data here recorded afford evidence that, though it is 
markedly less stable than carbon disulphide, it is similarly con- 
stituted. Attempts to prepare analogues of the thiocarbonates 
have failed, but compounds of carbon sulphidoselenide with phenyl- 
hydrazine and with aniline have been obtained. Under certain 
conditions the reaction of the sulphidoselenide with ammonia yields 
compounds which appear to be highly polymerised and are difficult 
to characterise. 


Other attempts to prepare carbon diselenide by striking arcs 
between carbon rods both in hydrogen selenide and in selenium 
vapour or between a compressed mixture of carbon and selenium 


were unsuccessful. 


EXPERIMENTAL. 

Preparation.—Ferrous selenide, prepared by heating the elements 
together, was packed into an inclined silica tube 22” long and 2’’ in 
diameter, electrically heated to 650°. The upper end of the tube 
carried a tap funnel with drop indicator, from which carbon disul- 
phide was delivered at the rate of about 1 litre in 12 hours: the 
lower end of the tube was connected to a condenser. The con- 
densate, on fractionation through a 50-inch, bead-filled, glass column, 
left about 0-5% of a deep yellow liquid as residue. This, when 
sufficient had been collected, was again repeatedly fractionated 
through the same column and thus yielded a middle fraction of pure 
carbon sulphidoselenide (Found : C,9-7; 8, 26-8; Se, 63:4. Cale. : 
0,98; 8, 26-0; Se, 642%). 

Physical Properties —Carbon sulphidoselenide is a deep yellow 
liquid, b. p. 83-90—83-95°/749-2 mm.; it is oily and moderately 
viscous and only partly wets glass. By the use of glass Ostwald— 
Sprengel pyknometers of about 10 c.c. capacity, the following values 
of the density at various temperatures were obtained: d?° = 
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In contact with saturated aqueous ammonia, after several hours 
at 15° or in a few minutes at 80°, carbon sulphidoselenide yields a 
yellow solid which, being insoluble in all solvents and decomposing 
on heating, could not be purified. Various preparations, washed 
with water, alcohol, and ether, and dried on a porous plate, gave S 
from 5-5—10-7% and Se from 52—70%, and on boiling with caustic 
soda, dissolved completely with evolution of ammonia. The 
material was slowly but wholly soluble in boiling aqueous ammonia, 
yielding a blood-red solution, which, when poured into hydrochloric 
acid, evolved hydrogen sulphide and deposited an orange-red 
gelatinous precipitate. This precipitate, after being washed with 
water, alcohol, and ether, and dried, gave Se from 61-4—91-1%, 
contained no sulphur, easily decomposed on heating, and was 
insoluble. Attempts to prepare compounds analogous to the 
thiocarbonates by interaction of the sulphidoselenide with aqueous 
sodium sulphide, ammonium polysulphides, or caustic soda gave 
only blood-red solutions from which no crystalline product could be 
obtained; these solutions when acidified gave similar gelatinous 
precipitates. 

The action of gaseous ammonia on a solution of carbon sulphido- 

selenide in absolute alcohol produced a considerable rise of tem- 
| perature and yielded a blood-red solution from which a red amorphous 
solid was later suddenly precipitated. After being washed with 
alcohol and ether and dried on porous tile, this product was 
obtained as a fine brick-red powder containing neither sulphur nor 
nitrogen; it decomposed on heating, was insoluble in all solvents, 
and was not attacked by caustic soda solution (Found: Se, 86-9, 
88-9, 88-0, 90-0 in various samples; C, 5-6; H, 1-9% in one sample). 

In absolute alcohol carbon sulphidoselenide and phenylhydrazine 
react with evolution of heat, and after about an hour light greenish- 
yellow, tabular crystals separate. After being washed with alcohol 
and ether and dried on porous tile, these melt at 98° on rapid heating, 
but are unstable and on keeping become first brown and later black, 
with separation of selenium [Found: S, 8-8; C, 41-4; H, 4-25; 
N, 15-1; Se, 23-7. (CgsH;-NH-NH,).,CSSe requires S, 9-4; C, 46-0; 
H, 4-7; N, 16:5; Se, 233%]. This compound, therefore, appears 
to be analogous to that formed by phenylhydrazine and carbon 
disulphide (Fischer, Annalen, 1877, 190, 114). 

Carbon sulphidoselenide, dissolved in alcohol, was treated with 
aniline in the same solvent and kept for 2 days, during which period 
there was a continuous evolution of the hydrides of sulphur and 
selenium. The precipitate of fine, white, crystalline plates, mixed 
with a little grey selenium, was filtered off, washed with alcohol 
and ether, and extracted with cold acetone. The extract on 
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evaporation under reduced pressure yielded fine white plates, 
m. p. 164° [Found : C, 61-1; H, 4-8; N, 11-2; 8, 6-75. (C,H,*NH),CSSe 
requires C, 61-1; H,; 49; N, 11-4; 8, 65%}. The compound, 
which is more stable in air than the phenylhydrazine derivative, is 
not analogous to the product formed by ‘aniline and carbon disul- 
phide, viz., (NHPh),CS (Losanitsch, Ber., 1891, 24, 3021). 


Acknowledgment. is made of a grant from the Department of 
Scientific and Industrial Research which has enabled one of us 


(J. B. P.) to take part in this work. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. _ [Received, October 10th, '1928.] 





XI.—The Reaction between Ferric Sulphate Solution 
and Cuprous Sulphide. 


By Lawrence WHITBY. 


THE reaction between ferric sulphate solution and cuprous sulphide 
has been investigated by Thomas (Metallurgie, 1904, 1, 8) and 
Thompson (Electrochem. Ind., 1904, 2, 228). Using excess of acid 
ferric sulphate solution, at 60—65° and 80°, respectively, each 
arrived at the following equation : 


In order to obtain data as to the reaction (if any) that occurs at 
the ordinary temperature, the action of hydrogen sulphide (obtained 
from aluminium sulphide and water) upon electrolytic copper foil 
was used to prepare cuprous sulphide (Found : Cu, 80-26; S8, 21-1. 
Cale.: Cu, 79-86; 8, 20-1%), small quantities of which were 
immersed for 15 minutes in 10 c.c. of ferric sulphate solution (con- 
taining 40 g. of anhydrous ferric sulphate and 100 g. of sulphuric 
acid per litre). The black residue was collected on a Gooch filter, 
washed rapidly with cold water, dried at 110°, and weighed (Found : 
Cu, 67-8; S, 34-2. Cale. for CuS: Cu, 66-5; 8, 33°5%). Carbon 
disulphide extraction showed the absence of free sulphur. Hence 
the reaction at the ordinary temperature may be expressed thus : 


Cu,S + Fe,(SO,), = CuS + CuSO,-+2FeSOQ, . . (2) 


This equation requires that the residue of cupri¢e sulphide should 
be 60-0% of the original cuprous sulphide. Actual experiments, 
in which 0-0264 g. and 0-1968 g. of cuprous sulphide were employed, 
yielded, respectively, 56-4 and 52-7% of cupric sulphide; these low 
values may be explained, however, by the great ease of oxidation of 
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cupric sulphide. Equation (2) was further confirmed by determin- 
ing the amounts of ferric sulphate solution reduced by known weights 
of cuprous sulphide, the results obtained agreeing exactly with those 
calculated from this equation. 

It was found, however, that prolonged exposure of the cupric 
sulphide to ferric sulphate solution caused a further oxidation, with 
dissolution of copper and production of free sulphur. It is highly 
probable that this reaction is 


CuS + Fe,(SO,), = CuSO, + 2FeS0,+8 . . . (3) 


as actually found by Thompson (loc. cit.) to take place at 80°. 
Hence, although the earlier workers were unable to detect reaction 
(2), presumably by reason of its increased velocity at the higher 
temperatures, there is little doubt that the total reaction (1) really 
consists of stages (2) and (3) under their conditions also. 


For permission to publish these results, the author is indebted to 
Professor G. T. Morgan, F.R.S. 


CHEMICAL, RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [ Received, November 22nd, 1928.] 





XII.—Anthozanthins. Part, VIII... A Synthesis of 


Morin and of 5:7 :2' : 4'-Tetrahydroxyflavone. 


By Ropert Rosryson and KRisHNASAMI VENKATARAMAN. 


Tue formula C,;H,)0, was first assigned to morin, one of the colour- 
ing matters of old fustic (the wood of Chlorophora tinctoria, Gaudich), 
by Loewe (Z. anal. Chem., 1875, 44, 112), and the accepted constitu- 
tion (I) of the flavonol rests on the researches of Bablich and Perkin 
(J., 1896, 69, 792) and on the synthesis by Kostanecki, Lampe, 
and Tambor (Ber., 1906, 39, 625). That synthesis did not proceed 
at all smoothly and therefore it seemed well to include morin in the 
scope of the application of the more convenient methods of synthesis- 
ing flavones that have been developed in. this series of papers.* 

«-Methoxyphloracetophenone (Slater and Stephen, J., 1920, 117, 
309) was heated with 2 : 4-dimethoxybenzoic anhydride and sodium 
2: 4-dimethoxybenzoate at 180—185°, and the product hydrolysed ; 

* The earlier parts (J., 1924, 125, 2192; 1925, 127, 181, 1968, 1974; 1926, 
2334, 2336, 2344) of the investigation were not numbered as such and have 
dealt inter alia with the syntheses of galangin, galangin methyl ether, myricetin, 
datiscetin, kaempferol, fisetin, quercetin, kempferide, isorhamnetin, pratol, 
chrysin, and acacetin. In view of the considerable extension of the work 
which is contemplated, it appears desirable to indicate the connexion between 
these otherwise isolated papers. 
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the morin 3 :2' : 4'-trimethyl ether obtained, on demethylation in the 
usual manner, yielded morin. 


O OH SO,- 


(I.) 5 /COH \ 


HO GO 
0 OMe OH 


O 
(I1.) HO) \v_<_oMe HO’ \” \¢ OH (Vv, 
Nh fe Save thi sca 

BO BS % 

Perkin and Pate (J., 1895, 67, 649) showed that morin forms an 
abnormal sulphuric acid compound, C,;H,,0,,80,, and in view of 
the fact that other flavonols, e.g., fisetin, quercetin, rhamnetin, and 
myricetin, give normal sulphates, it is apparent that the hydroxyl 
group in position 2’ is concerned. Hence the formula (II) probably 
correctly represents anhydromorin sulphate. The recovery of 
morin from the derivative shows that no closure of a coumaran ring 


occurs. 
Dunstan and Henry (Phil. Trans., 1901, 194, 515) suggested that 


lotoflavin, obtained by the hydrolysis of the cyanogenetic glucoside 
lotusin, might be 5:7: 2':4’-tetrahydroxyflavone (IV). This 
flavone has been synthesised by demethylation of its dimethyl 
ether (III), derived from phloracetophenone by 2 : 4-dimethoxy- 
benzoylation, but it does not appear to be identical with lotoflavin. 


EXPERIMENTAL. 

2 : 4-Dimethoxybenzoic Anhydride.—In the preparation of (-resor- 
cylic acid (Kostanecki, Ber., 1885, 18, 1985) the isolation by ether 
extraction can be conveniently replaced by separation of the crystals 
obtained on acidification of the reaction mixture. 

A greatly improved yield of 2 : 4-dimethoxybenzoie acid results 
when the method of Perkin and Schiess (J., 1904, 85, 189) for the 
methylation of §-resorcylic acid is modified as follows. Methyl 
sulphate and concentrated aqueous sodium hydroxide are added 
alternately to a well-stirred solution of $-resorcylic acid (75 g.) in 
10°, aqueous sodium hydroxide (700 c.c.) so that a considerable rise 
of temperature ensues; the addition is stopped when a neutralised 
test portion gives no violet coloration on the addition of ferric 
chloride. The mixture is then boiled for an hour, alcohol (200 c.c.) 
and sufficient sodium hydroxide to maintain a strongly alkaline 
reaction being added. The acid obtained on aeidification of the 
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cooled liquid is isolated and crystallised from aqueous acetic acid 
(yield, 82 g. or 92%; m. p. 108°). 

The anhydride was not produced when 2 : 4-dimethoxybenzoic 
acid was boiled for 24 hours with acetic anhydride. It was at first 
obtained by the action of 2: 4-dimethoxybenzoyl chloride (best 
prepared from the acid by means of thionyl chloride) on 2: 4- 
dimethoxybenzoic acid in the presence of ether and pyridine, but 
the method of D.R.-P. 201325 was found to give much better results. 
It was advantageous to replace the benzene, prescribed as solvent 
in the patent, by ether. A solution of thionyl chloride (11-9 g.) 
in ether (50 c.c.) was gradually added with shaking to a suspension 
of 2: 4-dimethoxybenzoic acid (36-4 g.) in ether (50 c.c.) and pyridine 
(15-8 g.), the whole being cooled in melting ice. After 12 hours, 
crushed ice and dilute hydrochloric acid were added. The anhydride, 
which separated, was collected, triturated with much very dilute 
sodium carbonate solution, washed, and dried (yield, 29 g. or 84%; 
m. p. 76—79°). It erystallised from benzene-ether, ethyl acetate— 
ether, or light petroleum in large, colourless, rhombic prisms, m. p. 
82° (Found: C, 62-3; H, 5-4. Cale. for C,,H,,0,: C, 62-4; H, 
52%). 

Morin 3 : 2’ : 4'-Trimethyl Ether —As in the preparation of phlor- 
acetophenone (compare J., 1926, 2347), so in the analogous prepar- 
ation of »-methoxyphloracetophenone (Slater and Stephen, loc. cit.) 
it is desirable to add zinc chloride and to keep the reaction mixture 
for a few days in the ice-chest before separating the ketimine 
hydrochloride. The ketone is best crystallised from aqueous 
alcohol and the yield is 75—80%. 

A mixture of #-methoxyphloracetophenone (6 g.), 2 : 4-dimethoxy- 
benzoic anhydride (50 g.), and sodium 2 : 4-dimethoxybenzoate 
(12 g.) was heated at 180—185° for 4 hours. The product was 
dissolved in boiling alcohol (250 c.c.), a solution of potassium 
hydroxide (30 g.) in water (50 c.c.) added, and the liquid refluxed 
for 30 minutes and then diluted with water (1000 c.c.). The passage 
of carbon dioxide caused the slow precipitation of an amorphous 
brown powder, which was collected and reprecipitated by carbon 
dioxide from its solution in 2% aqueous potassium hydroxide 
(yield, 7-3 g.). The trimethyl ether was crystallised from 95% 
alcohol, containing a little acetic acid (charcoal), and then from 
aqueous alcohol (charcoal) and was obtained in glistening, pale 
straw-coloured, stout, long, prismatic needles, m. p. 132° (Found : 
(, 62-4; H, 4:5. C,,H,,0, requires C, 62-8; H, 47%). It is 
moderately readily soluble in most organic solvents on heating, but 
it is very sparingly soluble in ether and light petroleum. It dis- 
‘olyes in aqueous alkali to yellow solutions and its yellow solution 
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in concentrated sulphuric acid exhibits a bluish-green fluorescence. 
The ferric chloride reaction in alcoholic solution is olive-green and 
addition of lead acetate to an alcoholic solution gives a yellow 
precipitate. 

The pentamethyl ether was obtained by the action of methyl 
sulphate (4 mols.) and aqueous potassium hydroxide on morin 
trimethyl ether ;. the product, twice crystallised from 50% aqueous 
alcohol, formed colourless feathery needles, m. p. 155—157° (Found : 
©, 64:3; H, 55. Cale. for CyH.».O0,: C, 645; H, 54%). The 
melting point was not depressed on admixture with a specimen of 
morin pentamethyl ether prepared from morin (Herzig and Hof. 
mann, Ber., 1909, 42, 155; Perkin-and Watson, J., 1915, 107, 207) 
and the properties of the two specimens were identical in all respects. 

We are greatly indebted to Professor A. G. Perkin, F.R.S., for a 
specimen of morin from old fustic which has enabled us to make 
this and other comparisons. 

O-2 : 4-Dimethoxybenzoyl-O -acetylmorin 3 ; 2’ : 4’ - Trimethyl Ether. 
—This substance was produced in an attempt to prepare O-diacetyl- 
O-trimethylmorin. The crude product, from which O-trimethyl- 
morin can be obtained as described above, was boiled with an excess 
of acetic anhydride and a drop of pyridine for 2 hours. The deriv- 
ative was isolatea in the usual manner and crystallised from aqueous 
alcohol in shining colourless needles, m. p. 170° after shrinking at 
167° (Found: C, 63-3, 63-1, 63-1; H, 5-0, 5-1, 5-2; MeO, 28-0; 
CH,-CO, by the Freudenberg-Weber method, 8-1. C,H,,0,, 
requires C, 63-3; H, 4-7; 5MeO, 28-2; CH,°CO, 7-8%). At the 
time these micro-analyses were conducted, the values for hydrogen 
found in many other cases with the same apparatus were about 
0-4 unit too high. 

It is evident that one of the 2 : 4-dimethoxybenzoyloxy-groups in 
the original reaction product resists hydrolysis to some extent under 
the prescribed conditions and that. the crude product is a mixture 
of trimethylmorin and its dimethoxybenzoate. 

Morin (I):—A mixture of O-trimethylmorin (2-0 g.), hydriodic 
acid (30 ¢.c.; d 1-7), and acetic anhydride (15 c.c.) was refluxed for 
2hours. The flavonol hydriodide, which separated in minute needles 
on cooling, was collected, washed with acetic acid, and added to 
boiling acetic acid (50 c.c.) and after the addition of boiling water 
(50 c.c,) the whoie was quickly filtered; long, pale yellow needles 
(1-2 g.) separated, m. p. 286—288° after sintering at 281°. The 
substance was recrystallised from dilute acid without alteration in 
its properties (Found in material dried at 130° for 6 hours: C, 55°; 
H,3-6. Found after further heating without loss in a high vacuum 
for 6 hours at 130°: C, 56-0; H, 3:7. C,;H,,0,,H,O requires ©: 
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562; H, 38%). It thus appears that the substance retains a 
molecule of water at 130° even in a high vacuum. This behaviour 
has not been recorded in the case of morin of natural origin. Loewe 
(loc. cit.) states that morin crystallises with 2H,O and loses both 
molecules of water at 100°. 

Our synthetic morin is evidently identical with that of Kosta- 
necki, Lampe, and Tambor (loc. cit.), for the latter had a pale yellow 
colour and m. p. 290° with decomposition. On the other hand, 
natural morin is nearly colourless and, according to Bablich and 
Perkin (loc. cit.), melts and decomposes at about 300°. These 
authors recorded new analyses of morin derivatives but not of 
morin itself. 

A very careful comparison of the solubility relations and of the 
characteristic reactions of morin disclosed no divergences between 
the natural and the synthetic specimen. We observed in both cases 
the qualitative solubilities in organic solvents, the yellow colour and 
bright bluish-green fluorescence of the solutions in sulphuric acid, 
the dark olive-green ferric chloride reactions in alcoholic solution, 
and the change to brown on the addition of water, the formation of 
lead and barium salts and of salts with mineral acids, the behaviour 
with magnesium and methyl-alcoholic hydrochloric acid, and the 
colorations obtained on the addition of sodium amalgam to alcoholic 
solutions. In this case the solutions are at first yellow and exhibit a 
yellow fluorescence; the colour slowly changes to bright emerald- 
green and on dilution the solution exhibits a greenish-yellow 
fluorescence. 

A dye-trial comparison showed that the natural and the synthetic 
specimen gave identical results on cotton printed with aluminium 
and iron mordants. 

We draw the conclusion from our experiments that the substance 
synthesised is substantially morin, the properties of which are to 
some extent modified by the presence of small traces of impurities. 
This difficulty, which has not been encountered previously in the 
case of a flavonol synthesis, is probably inherent in the demethyl- 
ation process. A synthesis of morin not involving demethylation 
as the final stage is projected. 

5: 7-Dihydroxy-2' : 4'-dimethoxyflavone (III)—A mixture of 
phloracetophenone (6 g.), 2:4-dimethoxybenzoic anhydride 
(100 g.), and sodium 2 : 4-dimethoxybenzoate (6 g.) was mechanic- 
ally stirred at 180—185°, and a further quantity of sodium 2: 4- 
dimethoxybenzoate (6 g.) introduced during an hour. The heating 
was continued for 8 hours, alcohol (350 c.c.) added, and the whole 
boiled under reflux; a solution of potassium hydroxide (40 g.) in 
water (50 c.c.) was then introduced and the refluxing continued for 

D 
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30.minutes.. Alcohol was removed by distillation under diminished 
pressure and the residue was dissolved in water and saturated for 
several hours with carbon dioxide. The crude flavone, a light brown 
powder (11-8 g.); was redissolved, and reprecipitated (10-9 g.) and 
then dissolved in boiling acetic acid (200 c.c.) and treated with con. 
centrated sulphuric acid (2 c.c.) and boiling water (100 ¢.c.). After 
boiling for a few minutes the liquid was filtered, leaving a residue 
(A). The filtrate was treated with charcoal and again filtered; on cool- 
ing, it slowly deposited pale brown, hexagonal plates and rectangular 
prisms (2-4 g.) that sintered at about 200° and melted) at 245— 
248°. The flavone (III) was best recrystallised from aqueous acetic 
acid containing a little concentrated hydrochloric acid (charcoal) 
and was ultimately obtained in pale yellow, woolly needles, m. p. 
258—259°. The residue (A) crystallised readily from acetic acid 
(charcoal), in which it was moderately readily soluble at the boiling 
point and very sparingly soluble in the cold, in pale yellow, woolly 
needles, m. p. 258—259° (0-8 g.), identical with the specimen previ- 
ously obtained (Found: C, 63-5; H, 4-6; MeO, 19-3. Found in 
a recrystallised specimen dried at 140°: C, 63-4; H, 446. 
C,7H,,0,,0-5H,O requires C, 63-2; H, 4:6; MeO, 19-2%). The 
direct estimation of combined water, the presence of which was 
proved qualitatively, was vitiated by the sublimation that occurred 
in a high vacuum at the requisite temperature. 

The substance is practically insoluble in boiling water, sparingly 
soluble in ether, and is moderately readily soluble in boiling alcohol. 
Alcoholic ferric chloride develops a weak greenish-brown coloration 
and the solutions in aqueous alkalis are bright yellow. Especially 
striking is the pure blue fluorescence exhibited by the pale yellow 
solution in concentrated sulphuric acid. 

5:7:2'; 4'-Tetrahydrozyflavone (IV)—A mixture of 5:7- 
dihydroxy - 2’ : 4’-dimethoxyflavone (3-1 g.), acetic anhydride 
(10 c.c.), and hydriodic acid (20 c.c.; d 1-7) was boiled for 3 hour 
and the deep scarlet hydriodide that crystallised was collected, after 
cooling, on a sintered glass filter and washed with acetic acid. The 
residue was dissolved in boiling acetic acid, an equal volume of 
water added, and the crystalline material thus obtained was 
acetylated by boiling with an excess of acetic anhydride for 4 hours. 
The derivative crystallised from alcohol in colourless prisms, m. Pp. 
153—156°; after recrystallisation from ethyl acetate it melted a 
159°, but some crystals remained unmelted and complete clearing 
only occurred at 170°. Evidently this apparently homogeneous 
substance was a mixture, probably containing some triacetate; 
the ferric chloride reaction was almost negligible. Tests in the 
Pregl—Zeisel and the Pregl-Herzig-Meyer apparatus proved the 
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complete absence of methoxyl.. The acetate was hydrolysed by 
means of boiling dilute aqueous-alcoholic sodium hydroxide. The 
almost colourless flavone produced crystallised from glacial acetic 
acid or from alcohol in slender fibrous needles which darkened pro- 
gressively from 300° and melted at 332—-335° with further decom- 
position (Found in material dried at 160°: C, 62:7; H, 3-6. 
C,;H 190, requires C, 62-9; H, 35%). This isomeride of luteolin 
differs from it in possessing a much paler yellow colour, just as morin 
is much more feebly coloured than quercetin; its dyeing properties 
are similar to those of apigenin. The pale yellow solution in 
sulphuric acid exhibits a violet-blue fluorescence. 

In these and other properties the substance showed little resem- 
blance to loteflavin, for a specimen of which we are greatly indebted 
to Dr. T, A, Henry. 

Dye trials on aluminium and iron mordants disclosed great 
divergences, since lotoflavin proved to be a good dyestuff giving 
shades generally similar to those from flavonols—it was closest to 
quercetin—whereas the tetrahydroxyflavone had feeble tinctorial 
properties, 

A solution of lotoflavin in sulphuric acid had a vivid bluish-green 
fluorescence similar to that produced by morin and it may be that 
this particular specimen was contaminated by morin, the presence 
of which masked the exhibition of the properties of 5:7: 2’: 4’- 
tetrahydroxyflavone. 

Quite recently Cullinane, Algar, and Ryan (Proc. Roy. Dublin 
Soc., separate issue, Nov., 1928) have described a different synthesis 
of 5:7: 2’: 4’-tetrahydroxyflavone (bright yellow plates, decom- 
posing above270° and giving a greenish-blue fluorescence in sulphuric 
acid), which, they consider, closely resembles lotoflavin. Definite 
evidence of identity was not obtained. 


Tue University, MANCHESTER. [Received, November 9th, 1928.] 





XIII.—Anthoxanthins. Part IX. Syringetin. 


By Tom Heap and Rosert Rosrnson. 


TE synthesis of myricetin 3’ : 5’-dimethyl ether (I) was originally 
undertaken in order to attempt its reduction to the anthocyanidin 
malvidin (Willstatter and Mieg, Annalen, 1915, 408, 122), but. this 
has not been carried out because the preparation of the flavonol was 
found to be difficult and the substance was not accessible in adequate 
amount. Moreover, we have been unable to reduce kaempferol, 
synthesised by the method of Robinson and Shinoda (J., 1925, 127, 
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1980), to pelargonidin salts either directly, following the method of 
Willstatter and Mallison (Sitizungsber. K. Akad. Wiss. Berlin, 1914, 
769) for the reduction of quercetin, or indirectly by the acetylating 
reduction process which succeeded with rhamnetin (Robertson and 
Robinson, J., 1927, 2196). The products doubtless contained a 
small proportion of pelargonidin, but it was mixed with so much 
impurity that we were unable to isolate the pure anthocyanidin. 

There was no reason to suppose that the myricetin dimethyl ether 
(dimethoxykaempferol) would behave differently from kaempferol 
and meanwhile the synthesis of malvidin was effected in another 
way (Bradley and Robinson, J., 1928, 1541). 

In view, however, of the wide distribution of syringidin (malvidin) 
in nature (Karrer and Widmer, Helv. Chim. Acta, 1927, 10, 5) and 
of the occurrence of other natural products, such as sinapin, con- 
taining the syringic grouping, C-C,H,(OH)(OMe), (4:3: 5), and 
also in view of the fact that kaempferol, quercetin, isorhamnetin, 
and myricetin correspond to pelargonidin, cyanidin, peonidin, and 
delphinidin, respectively, it seemed of interest to place on record the 
properties of myricetin 3’ : 5’-dimethyl ether, the flavonol corre- 
sponding to syringidin. 

It seems probable that this substance will ultimately be isolated 
from a sources alee we propose to term it syringetin (1). 


OMe 
H Aga< yon "CC tar Bog CH,Ph 
“OH 
H O (I.) (I1.) 


The method which has been developed for the preparation of this 

flavonol is based on that which we have already used for the synthesis 

of isorhamnetin (J., 1926, 2336) and consists essentially in the 

syringoylation of w-benzoyloxyphloracetophenone, 
C,H,(OH),*CO-CH,-OBz, 

and hydrolysis of the product. 

It was necessary to protect the phenolic hydroxyl group of 
syringic acid before an anhydride could be formed, and since the 
use of O-benzoylsyringic anhydride did not give satisfactory results 
we employed O-benzylsyringic anhydride in its stead. 

When w-benzoyloxyphloracetophenone was heated with sodium 
O-benzylsyringate and O-benzylsyringic anhydride and the product 
hydrolysed by alkali, syringetin 4’-benzyl ether (Il) was obtained. 
Further hydrolysis by means of alcoholic hydrochloric acid yielded 
syringetin. This was characterised by conversion into a (efrd- 
acetyl derivative and on methylation it furnished myricetin 
hexamethyl ether. At an earlier stage of the work myricetin 
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3': 4’ : 5’-trimethyl ether was prepared, but the requisite conditions 
for the partial demethylation to syringetin could not be ascertained. 


EXPERIMENTAL. 


3:4:5-Trimethoxybenzoic Anhydride—The following method, 
based on one suggested in D.R.-P. 201325 for the preparation of 
o-acetoxybenzoic anhydride, is more convenient and gives a better 
yield of a purer product than that described by Kalff and Robinson 
(J., 1925, 127, 181). A mixture of finely powdered O-trimethyl- 
gallic acid (120 g.), dry ether (800 c.c.), and pyridine (75 c.c.) was 
cooled in melting ice, and thionyl chloride (51 g.; 1-5 mols.) gradually 
added with shaking. After a few hours (at 0°), crushed ice was 
added and the mixture was agitated for about 10 minutes and then 
filtered. The solid was triturated successively with dilute hydro- 
chloric acid, dilute aqueous sodium carbonate, and water, all ice- 
cold, and then dried in a vacuum (yield, 103 g. or 89-6%; m. p. 
159—160°). A similar method applied to anisic acid (100 g.) gave 
anisic anhydride (92 g.), m. p. 98—99°. 

Myricetin 3’: 4’: 5'-Trimethyl Ether—An intimate mixture of 
a-benzoyloxyphloracetophenone (Heap and Robinson, loc. cit.) 
(95 g.; 1 mol.), sodium O-trimethylgallate (11-5 g.; 1-5 mols.), 
and 3:4: 5-trimethoxybenzoic anhydride (94 g.; 7 mols.) was 
heated (oil-bath at 180—185°) for 9-5 hours and mechanically 
stirred. The melt, which became deep orange-brown, was dissolved 
in boiling alcohol (550 c.c.), a solution of potassium hydroxide 
(33 g.) in water (50 c.c.) was then slowly introduced, and after boiling 
gently for 30 minutes the alcohol was removed by distillation and 
the residue dissolved in water. The filtered solution was diluted to 
1100 ¢.c., saturated with carbon dioxide, kept for 12 hours, and 
again saturated with the gas. The yellow precipitate obtained was 
dried at 100° (8-8 g.), and 7-9 g. of it, crystallised from acetic acid 
(charcoal), gave clusters of pale yellow needles (5-7 g.), m. p. 290— 
293°. The flavonol also crystallised from alcohol in extremely fine, 
long, pale yellow needles, m. p. 290—293° (Found : C, 59-8; H, 4-7. 
C,H, ,0, requires C, 60-0; H, 4-4%). 

Myricetin 3’ : 4’ : 5’-trimethyl ether is very sparingly soluble in the 
simple alcohols, chloroform, acetone, or ethyl acetate and is almost 
insoluble in benzene, ether, light petroleum, and water; it is not 
very readily soluble in boiling acetic acid. Addition of mineral 
acids to a suspension in acetic acid gives deep yellow solutions; in 
the case of hydrobromic and sulphuric acids the solutions exhibit a 
green fluorescence, but the deep yellow solution obtained with 
hydrogen chloride is non-fluorescent. The yellow solution in con- 
centrated sulphuric acid exhibits a weak green fluorescence. 
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The flavonol gives an intensely yellow solution in aqueous alkali 
and the addition of ferric chloride to an alcoholic suspension pro. 
duces a deep brownish-olive-green coloration. The lead salt is a 
deep yellow precipitate. 

The O-triacetyl derivative was obtained by the action of boiling 
acetic anhydride (20 c.c.) and a drop of pyridine on the flavonol 
(0-5 g.) during 1 hour. It crystallised from alcohol in very fine, 
nearly white needles, m. p. 195—195-5° (Found : C, 59-0; H, 4:8, 
C.,H,.0,, requires C, 59-3; H, 4-5%). ‘The substance is sparingly 
soluble in alcohol, moderately readily soluble in acetic acid and 
benzene, and very sparingly soluble in ether. The ferric chloride 
réaction in alcoholic solution was negative. 

Action of Fuming Sulphuric Acid on Myricetin Trimethyl Ether. — 
Syringic acid can be conveniently obtained by the partial de. 
methylation of O-trimethylgallic acid by means of 20% fuming 
sulphuric acid at 40° (Bogert and Isham, J. Amer. Chem. Soc., 
1914, 36, 517; Bogert and Ehrlich, ibid., 1919, 41; 799) and we 
therefore attempted the preparation of syringetin analogously. 

Finely powdered myricetin trimethy] ether (4°5 g.) was added 
during 1-5 hours to fuming sulphuric acid (30 ¢e.c. of 20%), 
mechanically stirred and kept below 40°; the mixture was then 
maintained at 40—44° for 30 minutes. Next day the deep red 
liquid was added to water (150 ¢.c.), but nothing separated. Sul- 
phuric acid (115 c.c.) was then added and a bright yellow solid was 
precipitated. This was soluble in aqueous sodium bicarbonate and 
contained sulphur, so that it was clearly a sulphonic acid, and in an 
attempt to hydrolyse it the mixture was heated in an oil-bath at 
150° and a stream of super-heated steam passed for 7 hours. After 
cooling, the product was added to water and the solid isolated 
(4-7 g.). The substance crystallised from methyl alcohol in fine 
yellow needles which darkened at 310° but did not melt at 330° 
(Found: C, 46-5; H, 3-4; 8, 7-8. C,,H,,0,,8 requires C, 46-6; 
H, 2-9; 8, 7-°8%). It is evidently a monomethylmyricetinsulphonic 
acid and the presence of an o-dihydroxybenzene group is suggested 
by the intense dark olive-green coloration developed in alcoholic 
solution on the addition of ferric chloride. 

The substance is moderately readily soluble to yellow solutions in 
methyl and ethyl alcohols, ethyl acetate, or acetone, very sparingly 
soluble in hot acetic acid and chloroform, and almost insoluble in 
water and benzene. The yellow solution in concentrated sulphuric 
acid exhibits a green fluorescence and the aqueous alkaline solutions 
are orange. 

O-Benzoylsyringic Acid and its Chloride —Benzoy] chloride (125 g.) 
was added to a solution of syringic acid (118 g.) in aqueous sodium 





HEAP AND ROBINSON : ANTHOXANTHINS. PART IX. 71 


hydroxide (95 g. in 1600 ¢.c.), and the mixture shaken until the 
smell of the chloride had disappeared. The acids were isolated 
after acidification and unchanged syringic acid and benzoic acid 
were removed by extraction of the product with successive volumes 
of hot water (total, 3200 c.c.). The more sparingly soluble residue, 
a fine white powder, was dried at 100° (yield, 88 g. or 49%). The 
acid crystallised from acetic acid in almost colourless needles, m. p. 
229--232° after softening at 215° (Found: C, 63:3; H, 48: 
C,gH,40, requires C, 63-6; H, 4-6%). 

The chloride, obtained by the action of phosphorus pentachloride, 
crystallised from light petroleum in clusters of fine needles (36 g. 
from 40 g. of the acid), m. p. 116-5—118° (Found : C, 60-1; H, 45; 
Ci, 11-0. C,,H,,0,Cl requires C, 59-9; H, 4:1; Cl, 11:1%). Ona 
large scale the use of thionyl chloride was found to be preferable. 

The anhydride was obtained by following several of the most 
satisfactory methods, but the products fused variously at temper- 
atures between 200° and 228° and there is some inexplicable 
difficulty in preparing the pure substance. 

Even the crude substance, however, had so high a melting point 
that a good fluid melt could not be obtained at the stage of the 
flavonol synthesis and several attempts in this direction failed for 
this reason. The preparation of galangin was attempted, the 
temperature of the melt being raised from 165—170° to 200°, but 
very little of the colouring matter could be isolated as the result of 
the augmented decomposition which occurred under such con- 
ditions. It may be recalled that benzoylvanillic anhydride, success- 
fully applied in the synthesis of isorhamnetin, had m. p. 179—180°. 

0-Benzylsyringic Anhydride, [CH,Ph-O-C,H,(OMe),-CO],0.— 
Finely powdered O-benzylsyringie acid (144 g.) (Bradley and Robin- 
son, loc. cit.) was suspended in an ice-cold mixture of dry ether 
(500 c.c.) and pyridine (53 g.) and a solution (74 c.c.) of thionyl 
chloride (37 g.) in ether was added portionwise with vigorous shaking 
during 1-5 hours. The product (118 g., m. p. 111—113°) was 
isolated as was trimethoxybenzoic anhydride (above) ; it crystallised 
from benzene-light petroleum in long needles, m. p. 112—113° 
(Found : ©, 68-6; H, 5-7. C3,H3 90, requires C, 68-8; H, 5-4%). 

0-Benzylsyringic anhydride is moderately readily soluble in 
alcohol, acetone, or ethyl acetate, readily soluble in chloroform 
and benzene, and sparingly soluble in ether and light petroleum. 

Syringetin 4'-Benzyl Ether (Il).—Benzylsyringie anhydride (110 
g.; 7 mols.), sodium benzylsyringate (13-1 g.; 1-5 mols.), and 
#-benzoyloxyphloracetophenone (8-0 g.; 1 mol.) were ground 
together and heated for 9 hours in an oil-bath at 180—185°. The 
mobile, liquid, deep reddish-brown melt was poured as completely 
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as possible into alcohol (200 c.c.) and the residue in the flask was 
chipped out when cold and washed out with hot alcohol (200 c.c.), 
The whole was then refluxed for 2 hours, a solution of potassium 
hydroxide (29 g.) in water (30 c.c.) gradually added, and the mixture 
boiled gently for 30 minutes. The liquid was concentrated under 
diminished pressure to about 100 c.c., the residue dissolved in water 
and saturated with carbon dioxide, and the precipitate isolated 
(10-5 g.). This product could not be crystallised and it was judged 
to be contaminated with benzylsyringoyl derivatives; it was 
accordingly boiled for 20 minutes with a solution of potassium 
hydroxide (5 g.) in aleohol (100 c.c.), and the phenol isolated as before 
(8-0 g.). This material (7-5 g.) gradually dissolved in boiling acetic 
acid (200 c.c.) and when kept in the ice-chest the solution deposited 
a mass of small brown needles (4:8 g.), m. p. 240—242°. The 
flavonol was recrystallised from acetic acid, giving fine brownish- 
orange needles which were dried at 130—140° for several hours and 
then had m. p. 240—241° (Found: C, 65:7; H, 49. C,,H,,0, 
requires C, 66-1; H, 4-6%). This substance is sparingly soluble in 
most organic solvents and dissolves in aqueous alkalis to deep 
yellow solutions. The yellow solution in concentrated sulphuric 
acid exhibits a dull green fluorescence more intense than that due to 
myricetin trimethyl ether and less intense than that due to syringetin 
under the same conditions. An alcoholic solution of the flavonol 
develops an olive-green coloration on the addition of ferric chloride 
and gives a flocculent yellow precipitate with lead acetate. 

Triacetyl Derivative—Syringetin 4’'-benzyl ether (0-4 g.) was 
acetylated by means of boiling acetic anhydride (15 c.c.) and a drop 
of pyridine during 1 hour. Slow crystallisation from acetic acid 
gave rhombic plates and more rapid separation from the same solvent 
or from alcohol gave small needles, m. p. 191—194° (Found: C, 
64-0; H, 48. C,,H,,0,, requires C, 64:1; H, 46%). The sub- 
stance is moderately readily soluble in alcohol, acetone, or acetic 
acid, sparingly soluble in ethyl acetate, chloroform, or ether, and 
very sparingly soluble in benzene or light petroleum. 

Syringetin (5:7:4'-Trihydroxy-3' : 5'-dimethoxyflavonol, 1).— 
Unlike O-benzylsyringic acid, O-benzylsyringetin was not readily 
de-benzylated by boiling for a short time with concentrated hydro- 
chloric acid, but on prolonged treatment with a boiling mixture of 
concentrated hydrochloric acid and alcohol a part of the material 
was attacked and the unchanged benzyl ether remained undis- 
solved in the acid liquor. 

For example, a mixture of O-benzylsyringetin (2-3 g.), alcohol 
(100 c.c.), and concentrated hydrochloric acid (100 c.c.) was boiled 
for 48 hours. The insoluble residue (0-75 g.) had m. p. 242—243° 
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and the filtrate, after being concentrated and cooled, deposited brown 
material (1-3 g.) which crystallised from acetic acid (charcoal) in 
short, glistening, pale yellow needles. The crystals lost their lustre 
after being heated for several hours at 130—140° and had m. p. 288— 
289° after darkening at about 270° (Found in material dried at 160° in 
a vacuum: C, 58-7; H, 4-1. C,,H,,0, requires C, 59-0; H, 40%). 

Syringetin is moderately readily soluble in methyl and ethyl 
alechols, acetone, or acetic acid; it is sparingly soluble in ethyl 
acetate and chloroform and is insoluble in benzene or light petroleum. 
The crystals are coloured orange by sulphuric acid and dissolve to a 
yellow solution exhibiting a green fluorescence ; the alkaline solutions 
are intensely yellow. In dyeing properties and many other respects 
the substance very closely resembles isorhamnetin, of which it is a 
methoxy-derivative. 

Tetra-acetyl Derivative-—This preparation was carried out like 
that of the triacetate of O-benzylsyringetin and the crude product 
was crystallised by solution in boiling acetic anhydride and addition 
of water; when the anhydride was decomposed, the hot liquid was 
treated with charcoal and filtered. The derivative separated in 
clusters of very slender, white needles, m. p. 224—226° (Found : 
C, 58:1; H, 4:2. C,;H,.0,. requires C, 58:3; H, 43%). The 
substance is moderately readily soluble in ethyl acetate, chloroform, 
acetone, or acetic acid, sparingly soluble in the alcohols or benzene, 
and almost insoluble in ether or light petroleum. 

Myricetin Hexamethyl Ether —Syringetin (0-15 g.) was methylated 
by the gradual and alternate addition of concentrated aqueous 
potassium hydroxide and methyl sulphate (5 g.) with shaking; 
the mixture was finally heated on the steam-bath for 1 hour. The 
product crystallised from light petroleum in almost colourless 
needles, m. p. 159—161° (literature, 154—156°). The substance 
was also prepared for comparison from O-tetramethylmyricetin 
(Kalff and Robinson, loc. cit.) and the specimen obtained had m. p. 
159—160°. An analysis by the Pregl method gave a low value for 
carbon and this was overcome by the use of a longer tube, a higher 
temperature, and a slower combustion (Found: C, 62-5: H, 5-5. 
Cale. for C,,H,.0,: C, 62-7; H, 55%) (compare Freudenberg, 
Fikentscher, and Wenner, Annalen, 1925, 442, 314). ; 


The authors wish to thank the Department of Scientific and 
Industrial Research for a grant that enabled one of them to take 
part in the investigation and also the Royal Society for a grant 
which has defrayed a part of the cost of the work. 
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XIV.—Anthoxanthins. Part X. The Synthesis of 
Gossypetin and of Quercetagetin. 


By Witson Baker, Ryvuzasuro Nopzv, and RoBERT 
RosBrInson. 


QUERCETAGETIN, a colouring matter of the flowers of the African 
marigold, Tagetes patula, was isolated by Latour and Magnier de la 
Source (Bull. Soc. chim., 1877, 28, 337) and closely examined by 
A. G. Perkin (P., 1902, 18, 75; J., 1913, 103, 209); the isomeric 
gossypetin was isolated by Perkin in 1899 from the flowers of the 
Indian cotton plant, Gossypium herbaceum (J.,'75, 826), and a more 
complete study was published in 1913 (Perkin, J.,103, 650). Perkin 
was able to show that the structures of both substances must con- 
form to the formula (I), but it was not possible to determine the 
situation of the hydroxyl groups in the tetrahydroxybenzene nuclei. 
The probability that these flavonols are nearly related to quercetin 
and are indeed hydroxyquercetins (II and III) was commented on, 
but this attractive view had to be abandoned in the case of one at 
least of the two colouring matters on account of the synthesis of 


0 OH HO 0 OH 
OH HO o— OH 


tl 
-OH 
\ 
co HO GO dy) 


(IL) by Nierenstein (J., 1917, 144, 872), who employed an apparently 
unambiguous method. The hydroxyquercetin so obtained was 
stated to be identical with that previously derived from quercetone 


OH 
HO, 
HO 
HO CO. (IL) 

by reduction (Nierenstein and Wheldale, Ber., 1911, 44, 3487) and 
comparisons of derivatives confirmed this identity, but it was quite 
different from gossypetin and from quercetagetin. A remarkable 
property of this hydroxyquercetin was its ability to yield iso- 
quercetone on oxidation by means of p-benzoquinone (Nierenstein, 
J., 1915, 107, 869); thus two isomeric quinones corresponded to 4 
single polyhydric phenol. Our results confirm the work of Perkin 
in all details, but are irreconcilable with that of Nierenstein (the 
reference is to the paper of J., 1917, 144, 872), since we find (a) that 


gossypetin has the formula (II); (6) that both gossypetin and 
quercetagetin are derivatives of 1:3: 4 : 5-tetrahydroxybenzene 
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(hydroxyphloroglucinol), and that consequently (c) quercetagetin 
must be represented by the formula (III). 

The synthesis of gossypetin was effected in the following manner. 

The tribenzyl ether of pyrogallol, C,H,(O-CH,Ph), (IV), was 
oxidised by means of nitric acid to 2 : 6-dibenzyloxy-p-benzoquinone 
(V), this was reduced to the quinol, C,H,(OH),(O-CH,Ph), (VI), 
which was methylated with formation of 2 : 6-dibenzylory-1 : 4- 
dimethoxybenzene, C,H,(OMe),(O-CH,Ph), (VII). Benzyl ethers 

O MeO MeO 
C,H,O O-C,H, HO OH HO OH 
CO-CH,:OMe 
Me MeO 
(V.) (VIII.) (TX.) 
being much more readily hydrolysed than methyl] ethers, 2 : 5-di- 
methoxyresorcinol (VIII) was obtained by the action of a mixture of 
hydrochloric and acetic acids on (VII) at about 65°. 

The monomethy] ether of iretol described by de Laire and Tiemann 
(Ber., 1893, 26, 2034) should be represented by one of the formulz 
(VIII) and (XII). The latter is the 4 : 5-dimethoxyresorcinol of 
Chapman, Perkin, and Robinson (J., 1927, 3015) and this substance 
is certainly different from iretol monomethyl ether. We have not, 
however, been able to satisfy ourselves that the phenol (VIII) is 
identical with the iretol derivative, and this matter requires further 
investigation ; the present position is explained in the experimental 
section. 

An application of the Hoesch reaction, using methoxyacetonitrile 
(compare Slater and Stephen, J., 1920, 117, 309), led to the formation 
of a trimethoxyresacetophenone (IX) and the veratroylation of this 
ketone gave a hydroxypentamethoxyflavone (X). The hexahydroxy- 
favone obtained on demethylation in the usual manner was proved 
to be identical with gossypetin (II). The various stages of this 
synthesis can proceed in one direction only and consequently the 
structure of the final product is established. For example, the 
oxidation product of tribenzyloxybenzene might have been 2 : 3- 
libenzyloxy-p-benzoquinone; this, however, is definitely excluded 
by the success of the flavone synthesis, which proves that there is a 
hydroxyl group in the 9-position to carbonyl in the dihydroxytri- 
nethoxyacetophenone of the series. In contrast with quercetagetin 
pentamethyl ether (XI) (see below) the substance (X) is readily 
soluble in aqueous alkalis and exhibits a very weak ferric chloride 
Teaction. 

The synthesis of quercetagetin proceeds from 4 : 5-dimethoxy- 
tesorcinol (XII) by a similar series of reactions and since the final 
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product, a hexahydroxyflavone, is different from gossypetin it must 
have the constitution (III), the only alternative to (II) under the 
conditions. This substance proved to be identical with quercet- 
agetin. 


MeO x OMe OMe 


HO ¢—_<_0Me MeO — on 
eS C-OMe MeO) Of .OMe 


MeO (X.) HO CO (XL) 


OH @:: MeO’ OH (a) 
Me r@ CO-CH,-OMe Me O-CH,-OMe 


Me MeO HO (6) 
(XII.) (XIII) (XIV.) 


The preparation of a dihydroxytrimethoxyacetophenone from 
4 : 5-dimethoxyresorcinol and methoxyacetonitrile was carried out 
by Chapman, Perkin, and Robinson (loc. cit.) and the formula (XIII) 
was attributed to the ketone on grounds of analogy. Had this view 
been correct, the hydroxypentamethoxyflavone derived from the 
substance by veratroylation would have been a 7-hydroxyflavone. 
The product actually obtained had, however, the characteristics of 
a 5-hydroxyflavone; it gave a ferric chloride reaction and the 
phenolic function was very feebly exhibited. The properties of the 
substance were indeed identical with those of Perkin’s quercetagetin 
pentamethyl ether (loc. cit.) obtained by the methylation of quercet- 
agetin and it is well known that it is the hydroxy] in position 5 that 
offers the greatest resistance to methylating agents. These con- 
siderations prove that the methoxyacetyl derivative of 4: 5-di- 
methoxyresorcinol has the constitution (XIV) and the orientation 
phenomenon thus brought to light is a very interesting one. The 
pyrone ring formed in the course of the veratroylation of (XIV) 
might be closed in the direction (a) or (6) in the formula; but itis 
evidently the hydroxyl (a) that is involved, because otherwise the 
flavonol obtained on demethylation would be gossypetin. This is 
in agreement with Bargellini’s view of the direction of ring-closure 
occurring in his syntheses of baicalein and scutellarein (Gazzetta, 
1915, 45, i, 69; 1919, 49, ii, 47), where the alternatives ar 
analogous, the orientation of groups in the benzene nucleus being 
identical in all the cases under consideration. 

We are greatly indebted to Professor A. G. Perkin, F.R.S., who 
has kindly sent us specimens of hexa-acetylgossypetin, gossypetil, 
and quercetagetin which have rendered possible a comparison of the 
natural and the synthetic products. All the analyses recorded 
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were carried out by micro-methods, the majority of them by Dr. 
Ing. A. Schoeller of Berlin-Schmargendorf; substances with many 
methoxyl groups were burned slowly at a specially high temperature. 


EXPERIMENTAL. 


1:2: 3-T'ribenzyloxybenzene (IV).—The following are the best 
conditions yet found for the benzylation of pyrogallol. A mixture of 
pyrogallol (50 g.), anhydrous potassium carbonate (240 g.), and dry 
acetone (300 c.c.) was refluxed in an atmosphere of hydrogen for 
30 hours, benzyl chloride (210 g.) being gradually introduced; the 
mixture was then kept under the same conditions for a further 
l0hours. The portion of the reaction product that was insoluble in 
water was dissolved in ether and washed with aqueous sodium 
hydroxide, and the solvent and unchanged benzyl chloride were 
removed by distillation, finally in steam. The residue was 
crystallised from alcohol (yield, 50 g.) and on recrystallisation the 
substance was obtained in colourless needles, m. p. 70° (Found : 
(, 82-4; H, 62. C,,H,,0, requires C, 81-8: H, 60%). It is 
readily soluble in benzene, ether, acetone, and chloroform and is 
moderately readily soluble in alcohol, light petroleum, and acetic 
acid. 

2: 6-Dibenzyloxy-p-benzoquinone (V).—Nitric acid (40 e.c.; 
d 1:19) was added to a solution of 1 : 2 : 3-tribenzyloxybenzene 
(80 g.) in acetic acid (800 c.c.) at 40°. After the mixture had been 
kept for 4 hours at room temperature. the liquid was filtered; the 
solid residue (15 g.), which consisted chiefly of 5-nitro-1 : 2: 3- 
iribenzyloxybenzene (oriented by analogy only), crystallised from 
acetone in long colourless needles, m. p. 139° (Found: N, 3:2. 
Cy5H,,0;N requires N, 3-2%). A second quantity of nitric acid 
(40 c.e.; d 1-19) was added to the reddish-brown filtrate and on 
the following day the quinone that had separated was isolated 
(30g.); addition of much water precipitated a further small quantity 
of the same substance. This crystallised from acetone in long 
yellow needles, m. p. 201—202° (Found : C, 75-0; H, 5-3. C,,H,,0, 
requires C, 75-0; H, 5-0%), sparingly soluble in most organic 
solvents but readily soluble in chloroform. 

2: 6-Dibenzyloxyquinol (V1).—Sulphuric acid (60 c.c. of 25%) 
was gradually added during 3 hours to a gently boiling, well-stirred 
mixture of dibenzyloxybenzoquinone (40 g.), alcohol (400 c.c.), 
and zine dust (80 g.). When the yellow quinone had disappeared, 
the liquid was filtered hot. Addition of dilute sulphurous acid to the 
filtrate caused the separation of lustrous pearly-white plates (40 g.). 
The quinol, after recrystallisation by the addition of aqueous 
wiphurous acid to an alcoholic solution, had m. p. 116—117° 
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(Found: C, 74:5; H, 5:7. CoH 0,4 requires C, 74:5; H, 5-6%,). 
It is readily soluble in alcohol, acetone, ether, and chloroform, 
moderately readily soluble in hot water, and sparingly soluble in 
benzene, light petroleum, and cold water. 

Reoxidation to the quinone occurs readily in the presence of 
moisture and is accelerated by alkalis; the crystals develop a fine 
green coloration in contact with concentrated aqueous potassium 
hydroxide. Ferric chloride oxidises the quinol very rapidly and 
smoothly with formation of the quinone. 

2 : 6-Dibenzyloxy-1 : 4-dimethoxrybenzene (V11).—Aqueous sodium 
hydroxide (12 g. of a solution of 60 g. of sodium hydroxide 
in 150 c.c. of water) and then methyl sulphate (16 g.) were 
added to a vigorously agitated mixture of 2 : 6-dibenzyloxy-. 
quinol (12 g.) and alcohol (120 c.c. of 90%) contained in a vessel 
from which air was excluded by hydrogen. A further quantity 
(7 g.) of the sodium hydroxide solution was introduced in the course 
of 9 hours in order to keep the solution weakly alkaline; the temper- 
ature was then raised to about 45° for 1 hour and, after 12 hours, 
water (50 c.c.) was added and the deposited crystals were collected 
(12 g.).. The substance separated from acetone in massive colourless 
crystals, m. p. 82—-83° (Found : C, 75-5; H, 6-3. C..H,.0, requires 
C, 75-4; H, 63%). It is readily soluble in most organic solvents 
but is sparingly soluble in cold alcohol and boiling light petroleum. 

2 : 5-Dimethoxyresorcinol (VIII).—A mixture of 2 : 6-dibenzyloxy- 
1 : 4-dimethoxybenzene (10 g.), acetic acid (70 c.c.), and hydrochloric 
acid (30 c.c.; d 1-16) was kept at 65—70° for an hour. A large 
volume of water was then added, the solution was evaporated to a 
syrup under diminished pressure and extracted with hot water, and 
the extract was evaporated in a vacuum desiccator over sulphuric 
acid and sodium hydroxide. Brownish-yellow prisms (3 g.) 
separated ; at the same time a small amount of a different crystalline 
substance, m. p. 180°, was deposited, but this was not further 
examined. The main product crystallised from water in faintly 
brownish-yellow prisms, m. p. 61—62°, and would doubtless be 
colourless when pure (Found in air-dried material : C, 46-8; H, 6-9; 
MeO, 29-1; loss at 56° in a high vacuum, 17-7. C,H,,0,,2H,0 
requires C, 46-6; H, 6-9; 2MeO, 30:1; 2H,O, 17-5%). 2:5- 
Dimethoxyresorcinol is moderately readily soluble in cold water and 
is readily soluble in most organic solvents; it imparts a purple 
colour to a pine shaving moistened with concentrated hydrochloric 
acid. The material dried at 56° in a vacuum had m. p. 86—88"; 
the hydrated specimen crystallised from benzene unchanged (m. p. 
61—62°), but the anhydrous one, on solution in hot benzene and 
cooling, gave crystals, m. p. 182°. These gave no ferric chloride 
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reaction, whereas an aqueous solution of the crystals of m. p. 61— 
62° developed a weak bluish-violet coloration on the addition of 
ferric chloride. 

The benzene mother-liquor from the crystals of m. p. 182° was 
concentrated to a syrup and on the addition of a little water this 
gave prisms, m. p. 61—62°. 

Iretol monomethy] ether is stated to crystallise from benzene in 
an anhydrous form, m. p. 87° (de Laire and Tiemann, Joc. cit.), and 
to give a deep blue coloration with ferric chloride. 

The question of the constitution of this phenol remains an open one 
and further investigations are in progress. 

2: 4-Dihydroxy-w : 3 : 6-trimethoxyacetophenone (IX).—A solution 
of anhydrous 2: 5-dimethoxyresorcinol (3-1 g.)’ and methoxy- 
acetonitrile (2-0 g.) in dry ether (30 c.c.) was saturated with hydrogen 
chloride and kept over-night at room temperature. The ketimine 
hydrochloride formed a faintly yellow crust and a further quantity 
was precipitated in a semi-solid condition on the addition of dry 
ether. The salt was washed with ether and dissolved in water 
(50 c.c.), and the solution heated on the steam-bath for 1 hour. 
On cooling, the crude ketone crystallised readily (yield, 3-6 g.); it 
separated from hot water in long colourless needles, m. p. 150—151° 
(Found : C, 54:7; H, 6:0; MeO, 38:3. C,,H,,0, requires C, 54-5; 
H, 5-8; 3MeO, 38-4%). Alcoholic ferric chloride produced an 
intense bluish-brown coloration. 

7-Hydroxy-3 : 5: 8:3' : 4'-pentamethoxyflavone (O-Pentamethyl- 
gossypetin) (X).—A mixture of 2 : 4-dihydroxy-w : 3 : 6-trimethoxy- 
acetophenone (2 g.), potassium veratrate(7 g.),and veratric anhydride 
(20 g.) was heated (oil-bath at 175—180°) for 4—5 hours, and the 
melt dissolved in boiling alcohol (150.c.c.). Hydrolysis was effected 
by means of potassium hydroxide (6-5 g.) dissolved in water (15 c.c.), 
which was gradually added during 20 minutes to the boiling liquid. 
The alcohol was removed by distillation under diminished pressure 
and the residue was dissolved in water and saturated with carbon 
dioxide; very little of the flavonol was precipitated. The filtrate 
from this small amount was acidified with hydrochloric acid, the 
veratric acid that separated was rapidly collected, and the filtrate 
kept for some hours. Woolly needles were deposited, and more of 
the same substance was obtained from the mother-liquor after con- 
centration under diminished pressure. The substance, after 
precipitation from very dilute potassium hydroxide solution by 
means of carbon dioxide and keeping for a few hours (yield, 0-7 g.), 
crystallised from aqueous acetic acid in long faintly greenish-yellow 
needles, m. p. 250—253°, and was then sufficiently pure for most 
purposes. On recrystallisation from aqueous alcohol, yellow 
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needles, m. p. 253—254°, were obtained (Found in material dried at 
120°: C, 61-9; H, 5-4; MeO, 39-1. C,,H,,O, requires C, 61-8; 
H, 5:2; 5MeO, 40-0%). 

The flavonol derivative dissolves in concentrated hydrochloric 
acid and in aqueous alkalis to yellow solutions; it develops no 
characteristic coloration with ferric chloride in alcoholic solution. 

3:5:7:8:3':4'-Hexahydroxyflavone (Gossypetin) (I1).—The 
foregoing pentamethyl ether was boiled with an excess of hydriodic 
acid (d 1-7) for 35 minutes. On addition of dilute sulphurous acid, 
a yellow solid separated, which crystallised from aqueous alcohol in 
yellow microscopic needles, m. p. 310—314° (difficult to observe 
owing to decomposition and blackening of the tube) (Found in 
material dried at 150°: C, 56:3; H, 3-6. Calc. for C,;H,,0,: 
C, 56-6; H, 32%). 

The substance is readily soluble in cold alcohol and very sparingly 
soluble in water and gives a bright yellow solution in sulphuric acid. 
In these respects and also in its behaviour towards ferric chloride 
and lead acetate in alcoholic solution, the synthetical material 
agrees exactly with gossypetin (m. p. 311—313°). A specimen of 
the hexa-acetyl derivative of gossypetin kindly provided by 
Professor A. G. Perkin was hydrolysed for a comparison of the 
highly characteristic reactions in alkaline solutions.* When very 
small quantities were employed it was difficult to reproduce the 
recorded colour changes because it was hard to avoid the use of too 
much alkali and the reaction was too rapid. The most trustworthy 
procedure involved the use of buffered solutions and we have 
employed those prepared from the ‘“ Universal Buffer Mixture ” 
supplied by the British Drug Houses Limited. The natural and 
the synthetic specimen exhibited an identical behaviour. The 
flavonol is not dissolved by the solution of py 6-2 nor by that of 
Pu 6-8, but in the latter case reaction proceeds slowly and the solid 
gradually disappears, the solution becoming pale reddish-brown. 
Gossypetin dissolves in a solution of py 8-0 and the yellow solution 
slowly changes through brownish-green, brownish-purple and grey- 
purple to a weak grey; it never exhibits a blue colour. 

Oxidation is more rapid in more alkaline solutions and at pg 8-6 
the more characteristic changes become apparent. The most 
convenient reagent is, however, that of py 9-8; this dissolves the 
flavonol to a yellow solution, and on agitation with air the colour 
changes to green and then to a fine pure blue, the latter being 
relatively stable. The further change to brown (and finally loss of 
colour intensity) is very slow but is more rapid in the more alkaline 


* Subsequently the reactions of a different specimen of natural gossypetin 
were observed with the same results. 
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solutions; at py 11-0 the yellow solution very quickly becomes 
geen and blue and the intensity rapidly diminishes, the liquid 
becoming slate-blue, grey, and finally almost colourless. When 
the blue solutions are acidified they become red. The preparation of 
gossypetone by oxidation of the synthetic gossypetin with p-benzo- 
quinone in alcoholic solution was also carried out on a very small 
sale; the substance separated in the way described by Perkin 
(loc. cit.) and had the recorded appearance and properties. 

0-Hexa-acetyl Derivatives—The synthetic gossypetin was 
acetylated by means of boiling acetic anhydride and a drop of 
pyridine during 2 hours; the product was isolated and treated 
again in the same way. The substance then crystallised from 
alcohol in sparingly soluble, colourless needles; these melted at 
229—230°, and at the same temperature when mixed with a 
specimen of O-hexa-acetylgossypetin obtained by re-acetylation and 
crystallisation of the material of natural origin. 

3:5:7:8:3': 4’-Hexamethoxryflavone (O-Hexamethylgossypetin).— 
The hydroxypentamethoxyflavone described above was methylated 
by means of potassium hydroxide and methyl sulphate in aqueous- 
alcoholic solution; the derivative crystallised from alcohol in 
glistening colourless needles, m. p. 170—172° (as stated by Perkin 
for O-hexamethylgossypetin) (Found: C, 62-5; H, 5-7. Cale. 
for C.;H,.0,: C, 62-7; H, 55%). In this case two analyses by 
rdinary methods gave low values for carbon. The substance 
issolves in concentrated hydrochloric acid to an intensely yellow 
olution; the colour is partly discharged on addition of water and 
holly when, on keeping, the substance separates in very long, 
lender, colourless needles. 

2: 6-Dihydroxy-w : 3 : 4-trimethoxyacetophenone (X1V).—This was 
repared essentially as described by Chapman, Perkin, and Robin- 
om (J., 1927, 3015); the ketimine was best precipitated by the 
dition of 100 c.c. of a mixture of equal volumes of ether and 
igoin, and was hydrolysed by heating with water (20 c.c.) and 
meentrated hydrochloric acid (2 c.c.) on the steam-bath for 2 
ours. After treatment with charcoal and filtration, the ketone 
parated on cooling. 

5-Hydroxy-3 : 6:7: 3':4'-pentamethoxyflavone (O-Pentamethyl- 
uercetagetin) (X1I).—A mixture of the above ketone (1-0 g.), veratric 
ihydride (15 g.), and sodium veratrate (6 g.) was heated at 180— 
for 8 hours. The resulting resin was warmed with much dilute 
dium carbonate solution, and the collected product was dissolved 
thot alcohol (100 c.c.) and hydrolysed by boiling for 15 minutes 
ith potassium hydroxide (6 g.) dissolved in a little water. The 
lution, when diluted with water (100 c.c.) and saturated with 
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carbon dioxide, deposited yellow crystals; the separation was 
completed by the further addition of water (400 c.c.). Crystallis. 
ation from alcohol (charcoal) gave thin, lustrous, pale yellow needles 
(1 g.), m. p. 158—159°. Further crystallisation from methy] 
alcohol raised the melting point to 159—160° (Found: C, 62-0; 
H, 5-3. Cy pHy50, requires C, 61-9; H, 5-2%). This O-pentamethyl. 
quercetagetin is almost insoluble in cold, aqueous alkaline solutions, 
but dissolves on warming or on the addition of a little aleohol. Its 
solution in alcohol develops a brownish colour with a trace of ferric 
chloride and an intense, dull olive-green with an excess. In con. 
centrated sulphuric acid it gives an intensely yellow solution, which 
becomes cherry-red on addition of a trace of nitric acid. 

O-Hexamethylquercetagetin.—O-Pentamethylquercetagetin (0-3 g.) 
was methylated in acetone solution at about 60° by shaking with 
aqueous sodium hydroxide and methyl sulphate. The initial 
bright yellow colour faded, and the alkaline solution was then heated 
for a short time on the steam-bath. Addition of water caused the 
separation of colourless needles, which were washed and crystallised 
from 50% alcohol. The lustrous prismatic needles (0-3 g.) obtained 
consisted of the «-form, m. p. 141—143°. On crystallisation from 
acetone, larger, somewhat irregular prisms of the pure «-form were 
deposited, m. p. 143—144° (Found: C, 62-7; H, 5-5. Cale. for 
C,,H,,0,: C, 62-7; H, 55%). This specimen again crystallised 
from acetone in the «form. A different specimen, however, 
separated at once from acetone in tiny, thick, rhomboidal prisms 
(hexagonal in outline when crystallised very slowly) of the 8-form, 
m. p. 157°. The molten «-form at about 145°, when seeded with the 
solid 8-form, at once solidified to a mass of the 8-form, m. p. 157°. 
The melting point of an intimate mixture of the two forms was also 
157°. O-Hexamethylquercetagetin dissolves in concentrated hydro- 
chlorie acid with production of an intensely yellow colour, which 
fades on dilution and disappears on neutralisation. 

Dimorphic forms of O-hexamethylquercetagetin of the same melt- 
ing points have been described by A. G. Perkin (loc. cit.) in the case 
of the ether prepared from natural quercetagetin, and the recurrence 
of these observations in the case of our synthetic specimens affords 
very strong evidence that the natural and the synthetic product are 
indeed identical. 

There is a theoretical possibility that some gossypetin derivative 
might accompany the synthetic quercetagetin methyl ethers. The 
following observation suggests that this may be so. 

The methylation of a specimen of O-pentamethylquercetageti™ 
obtained by working up its alcoholic mother-liquors gave the hex- 
methyl ether as very fine needles from acetone. After slight sinter- 
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ing, these gave a turbid, incompletely fluid melt at 157°, which cleared 
suddenly and became perfectly fluid at 170° (gossypetin hexamethyl 
ether has m. p. 170—172°). The small amount of material at 
our disposal did not allow us to follow up this interesting point. 

3:5:6:7:3':4'-Hexahydroxyflavone (Quercetagetin)  (II1).— 
When O-pentamethylquercetagetin (0-5 g.) was treated with freshly 
distilled hydriodic acid (5 c.c.; d 1-7), solution first took place and 
then orange crystals of a hydriodide separated. The mixture was 
heated for 1 hour at 140° (bright orange-red crystals of a hydriodide 
separating), water (100 c.c.) added, and the whole heated on the 
steam-bath for 15 minutes. The light yellow product was crystal- 
lised twice from 50% acetic acid (charcoal) and obtained in tiny, 
pale yellow, prismatic needles which melted when rapidly heated 
at about 316° with much decomposition and darkening (Found in 
material dried at 160°: C, 56-4; H, 3:2. Cale. for C,,H,)0,: 
C, 56-6; H, 3-2%). When crystallised from 50%, acetic acid, the 
substance contains water of crystallisation (Found: H,0, 9-9. 
C,;H190,,2H,O requires H,O, 10-2%). 

This synthetic quercetagetin was slightly soluble in boiling water, 
and the cooled air-free solution, treated with a drop of exceedingly 
dilute, air-free sodium hydroxide solution, became at first pure 
yellow, but, on shaking, rapidly turned bright olive-green and then 
deep yellowish-brown. With stronger alkali the green colour was 
not observed. The oxidation of quercetagetin in buffered alkaline 
solution is much less facile than that of gossypetin. At py 9-8 the 
yellow solution slowly becomes bright green, brown-green, and 
brown; at py 10-4 the same changes occur more rapidly; and a 
solution of pg 11-0 is at first yellow, rapidly becomes green and then 
yellow-brown, duller brown, and brownish-red. A dilute alcoholic 
solution treated with ferric chloride gave an intvase, dull olive- 
green coloration. The addition of an alcoholic solution of lead 
acetate threw down a bright orange-red precipitate which slowly 
became more yellow. A solution in alcohol treated with a drop of 
alcoholic potassium hydroxide gave a yellow precipitate which slowly 
(or quickly on the addition of more alkali) turned green and finally 
brownish-black, and the addition of a trace of sodium amalgam gave 
greenish flocks. This last reaction is characteristic-of scutellarein, 
baicalein (Bargellini, Gazzetta, 1919, 49, ii, 47) and irigenol (Baker, 
J., 1928, 1030), all of which contain hydroxyl groups in positions 5, 
6, and 7. 

The hexa-acetyl derivative was obtained by boiling the synthetic 
quercetagetin with acetic anhydride and a few drops of pyridine 
for 1} hours. It slowly separated from the filtered solution after 
the addition of alcohol, and crystallised from acetic acid—alcohol in 
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bunches of colourless needles, m. p. 210° with slight previous soften- 
ing (Found : C, 56-8; H,3-8. C,,H,.0,, requires C, 56-9; H, 3-8%). 

A specimen of the derivative similarly prepared from quercetagetin 
of natural origin also melted at 210° with slight previous softening, 
and @ mixture of the synthetic and the natural specimen had exactly 
the same softening and melting point. 

Dyeing Properties of the Flavonols.—The behaviour of the synthetic 
and the natural specimens of gossypetin (that obtained from the 
acetate and also a second larger specimen of the flavonol itself, 
kindly supplied by Professor A. G. Perkin) and of quercetagetin 
towards alkaline solutions and in other respects was found to be 
identical by direct comparison, but, doubtless owing to a difference 
in the conditions employed, we thought there was some divergence 
between the results of our dye-trials with synthetical quercetagetin 
and the shades recorded by Perkin (loc. cit.). A direct comparison 
showed that no variations actually exist. The shade on tin- 
mordanted wool was brownish-orange and on chromium-mordanted 
wool dull yellowish-greenish-brown. 

The colours on calico mordanted with iron and aluminium were 
the following, natural and synthetic specimens giving identical 


results : 
Weak Al. Strong Al. Al+ Fe. StrongFe. Weak Fe. 


Gossypetin ... Brownish- Khaki- Dull greenish- Smoke- Mouse- 
grey brown brownish-grey brown grey 


Quercetagetin Greenish- Deep Greenish- Intense Greenish- 
yellow brownish- brown bluish- = grey 
yellow black 


1:2:3:5-Tetramethoxybenzene.—When this work was com- 
pleted it occurred to us that a valuable confirmation of the view that 
gossypetin and quercetagetin are derivatives of the same tetra- 
hydroxybenzene could be obtained by equating the starting points 
of the syntheses. Accordingly 2 : 5-dimethoxyresorcinol and 4 : 5- 
dimethoxyresorcinol were separately methylated by means of 
methyl sulphate and sodium hydroxide in aqueous acetone solution. 
The products were isolated in the usual manner and vacuum-distilled 
from very small flasks. The ether from 2 : 5-dimethoxyresorcinol, 
which was prepared first, solidified when rubbed. The small 
quantity of the ether produced from 4 : 5-dimethoxyresorcinol 
remained liquid, but crystallised immediately when a crystal of the 
ether prepared from 2 : 5-dimethoxyresorcinol was introduced. A 
mixture of the two specimens and that from 2 : 5-dimethoxyresorcinol 
separately exhibited an identical behaviour on fusion and solidific- 
ation; the m. p. was 45—46° (Will, Ber., 1888, 21, 609, gives 47°). 


THe UNIVERSITIES OF OXFORD AND MANCHESTER. 
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THE ELECTRICAL BEHAVIOUR OF SURFACES OF CORRODING IRON. 85 


XV.—The Electrical Behaviour of Surfaces of 
Corroding Iron. 


By A. L. McAutay and 8. H. Bastow. 


THE corrosion of iron is usually the result of electrochemical action 
caused by the passage of currents between portions of the metal 
which are at different potentials with respect to an electrolyte in 
contact with them. The differences of potential are produced, by 
differential aeration (Evans, “ Corrosion of Metals,’ Chap. VI), but 
the conditions under which they are produced generally depend on 
such a variety of factors that it has not been possible to obtain 
much information as to the mechanism of their production and 
behaviour, and this lack of knowledge necessarily limits our control 
of the phenomenon. 

The present investigation was initiated with a view to elucidate 
the mechanism giving rise to corrosion currents, but it immediately 
became evident that an important part of the work must be the 
attainment and recognition of a standard condition for metal and 
solution. It was found that two apparently identical pieces of 
electrolytic iron, cut from the same sheet and having similarly 
ground surfaces, gave widely different potentials on immersion in 
an electrolyte and had distinctly different subsequent histories. 
This point is illustrated by Curves 1 and 2, Fig. 2, in which the 
potential of an electrode immersed in an electrolyte is plotted against 
time of immersion. 

As a result of our work, we reach the following conclusions. 
When a piece of iron is placed in an air-free electrolyte, there is a 
stable potential to which it tends, probably ultimately determined 
by the hydrogen-ion concentration of the solution. It does not 
immediately acquire this potential, but after prolonged immersion 
the stable condition, which proved to be easily reproducible, is 
attained, and the behaviour of the metal when subjected to experi- 
ments using this condition as a starting point is also reproducible. 

Curves 3, 4, 5, and 6 of Fig. 2 are of a similar type to 1 and 2, 
but relate to an electrode first brought into this standard state, 
the nature of which was found to be almost independent of the 
composition of the iron. Iron corroding in a neutral electrolyte 
not rendered air-free is in a stable condition which has most of the 
characteristics of that just described, although it depends to some 
extent on the degree of aeration of the electrolyte. 


EXPERIMENTAL. 


Apparatus.—The apparatus used (Fig. 1) consisted of a Pyrex- 
glass flask, A, and a tube, B, forming a T-piece with the neck; B 
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was the half-cell containing the iron electrode, and A served as a 
reservoir of air-free electrolyte. The apparatus was first placed 
with B above A and the solution was boiled for about } hour to 
free it from air. Towards the end of the boiling, oxygen-free 
nitrogen was admitted sparingly through the capillary tube, (. 
After the boiling, the side tube, D (which later served to make 
contact with the calomel electrode), was blocked with filter-paper, 
the apparatus was turned on its side, B and D were filled with 
solutio.., and the whole was maintained under a pressure of nitrogen 
of about one foot of water. The iron electrodes were inserted 
through rubber bungs into the ends of B. Two electrodes were 
sometimes used in order to carry out two experiments at the same 
time. It was found possible to make the changes from electrode- 
bearing bungs to plain bungs quickly and without contaminating 
the solution noticeably with oxygen 
Fig. 1, (see below). The pressure applied 
+ ' |, gradually through C made it easy 
\ | == to get rid of any bubbles of air 
that might tend to lodge under the 
bungs. This cell was connected 
through D to a calomel electrode 
and the potentials of the electrodes 
were measured against it by a 
potentiometer in the usual way. 

Earlier experiments with more complicated apparatus had shown 
(1) that it was possible to expose the surface of the air-free electro- 
lyte for a few moments to air, as when changing bungs to make an 
exposure or insert an electrode, without producing contamination, 
and (2) that it was highly desirable to have the reservoir containing 
the air-free solution in direct communication with the cell without 
the intervention of rubber-tube connexions. 

The Standard State.—Curves 3, 4, 5, and 6 of Fig. 2 are typical 
of a series of 20 obtained with several electrodes which had all 
been previously immersed for at least 12 hours in an air-free 
N'/2-potassium sulphate solution and then exposed for 1 minute to 
air and replaced in the solution. All potentials are given against 
the saturated calomel electrode, but no corrections were made for 
liquid—liquid junction potentials, etc., so the values are not to be 
considered as absolute. Except where stated to the contrary, all 
the electrodes were made from a sheet of electrolytic iron kindly 
given to us by Mr. U. R. Evans, and having the following impurities: 
C, 0-04; Mn, 0-025; Si, 0-010; S, 0-013; P, 0-017; Ni, 0-09%; &, 
nil. 

The similarity of these four curves and their wide difference 


fc 
i 





OF SURFACES OF CORRODING IRON. 


from curves 1 and 2 is striking. The last two curves represent the 
behaviour of electrodes from the same sheet of metal, ground with 
emery paper under the same conditions, and then immersed in 
air-free NV /2-potassium sulphate. Curves 3 and 4 were given by 
the same electrode, but the surface had been reground between the 
two experiments; Curves 5 and 6 were obtained with separate 
electrodes. Different samples of electrolyte were used in each of 
these four cases. Curve 7 shows the result of similar treatment 
when the condition of the solution is slightly altered. It is intended 
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Curves 1 and 2 show the attainment by the electrode of the standard state afte 
being polished with emery paper and immediately iummersed in electrolyte. 
Curves 3, 4, 5, 6, 7 show recovery of electrode to standard condition after dn 
exposure of 1 minute in each case. (Ali potentials are on the saturated calomel 
scale.) 


to investigate further the cause of the different equilibrium poten- 
tials obtained with different solutions. The indications at present 
are that the completeness with which the solution is freed from 
oxygen partly determines these potentials, but it is also fairly 
certain that hydrogen-ion concentration exercises a marked effect. 
For solutions thoroughly boiled and left standing in contact with 
iron for 12 hours or more, the extreme variation observed is about 
that shown by the gap between Curves 3, 4, 5, and 6 and Curve 7. 
It will be noticed that the general form of all five curves is the 
same, 

The condition to which the electrodes used in these and similar 
experiments have attained wastaken asastandard. It could always 
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be achieved by the immersion for many hours of an electrode in an 
air-free electrolyte. No other treatment gave such reproducible 
surface conditions, although qualitative reproducibility could be 
obtained with electrodes which had been immersed for a long time 
in an electrolyte not rendered air-free. Here the potential reached 
was not so base as in the standard state, and the time required to 
regain that potential after exposure to air was greatly increased. 

The standard state is a direct result of action by the electrolyte 
and is not a spontaneous disappearance of the air-formed modific. 
ation of the iron. This was tested by keeping the electrode for 
about 4 hour in oxygen-free nitrogen after a minute’s exposure to 
air. Its subsequent behaviour was exactly the same as that of one 
of which the only treatment was a minute’s exposure to air. 

The interpretation of the above facts is as follows. The well- 
known and very variable electric condition of iron surfaces is due 
to the formation of a surface film of oxide, which is more or less 
cracked and remains in a state of continuous cracking and repair 
for a long time after the grinding of the surface (see Evans, J., 
1927, 1020). This is probably further complicated by a greater or 
less adsorption of gas and other impurities in the surface. On 
immersion in an electrolyte such as potassium sulphate, the oxide 
film is gradually undermined and broken up, and any adsorbed 
material is removed, so that after the lapse of several hours the 
surface behaves electrically as a clean iron surface. In order that 
this should be the case, the film is not necessarily destroyed, for it 
is possible to achieve the standard state with a visible and apparently 
adherent coat of yellow oxide covering the electrode, and the 
subsequent electrical history of such an electrode on exposure to 
air and re-immersion is the same as that of one which is bright. 
This is demonstrated by Curve 6, Fig. 2, which was obtained with 
an electrode brought into the standard state after a previous treat- 
ment of alternate oxidation and reduction : it was covered with a 
visible yellow film on which were large grey patches. 

The Effect of Oxidation on Iron in the Standard State.—A series of 
experiments was made with iron electrodes, brought to the standard 
state and then exposed to air for a few seconds, 1 minute, 5, 10, 30, 
45, 120, 250, or 1125 minutes. The “ effect’ was measured by the 
changes of potential with time on immersion of the electrode, after 
exposure, in air-free electrolyte. In the shortest exposure, the 
electrode was taken wet from the solution and immediately returned 
to it, so that any slight amount of air which did reach it had to 
diffuse through a layer of solution and the effective exposure was 
probably extremely short. Even this exposure made the iro 
sensibly more noble, and the potential only returned to its original 
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value after 2 or 3 minutes; presumably this represents the time 
needed for the destruction of the film by the electrolyte. Longer 
exposures resulted in a greater change of the potential and greater 
resistance of the film to subsequent destruction. 

The curves obtained showed (i) that the potential immediately 
after immersion measures in some sense the state of the iron surface 
at immersion, and (ii) that the time required for the restoration of 
the normal state measures the resistance of the film to destruction. 

After about 2 hours’ exposure to air the change in condition of 
the surface produced by further exposure is small as measured by 
the time taken to recover the standard state. The obvious con- 
clusion is that the film in this time has reached a state in which it 
protects the metal beneath from further action. It appears, how- 
ever, as though the outside layer of the protective film were still 
undergoing modification. 

The curves obtained after exposure to a powerful oxidising agent 
such as potassium chromate or anodic treatment in sodium hydroxide 
solution indicated the existence of a film which is more resistant to 
attack by electrolyte than that given by the longest air exposure. 
Prolonged immersion in air-free electrolyte restored the electrode 
to the standard state, although the restoration was much slower. 

As the currents responsible for the corrosion of iron immersed in 
a normally aerated electrolyte are due to potential differences 
produced similarly to those described above, it might be thought 
probable that their passage would destroy the film producing these 
potential differences, the energy for the current coming from the 
cathodic reduction of the oxide. The following experiments were 
made with a view to test this. 

The Effect of the Passage of Current on the Destruction of the 
Ennobling Film on Iron.—When an electrode is immersed in electro- 
lyte after exposure to air, the passage of currents of density about 
4) microamps. per sq. cm. to the electrode as cathode seems to 
lave no effect on the form of the time—potential curve, beyond a 
temporary polarisation. Two electrodes were exposed to air for 
\0 minutes prior to making the experiment ; in one case, no current 
vas passed, but in the other, 3 minutes after immersion, 40 micro- 
amps. per sq. cm. were passed to the iron as cathode for 1 minute. 
The polarisation effect was found to disappear after about 1 minute. 
this can only be interpreted as meaning that the air-formed modific- 
tion of the iron is unaffected by the passage of corrosion currents. 
Anodic treatment (40 microamps. for 1 minute) was found to have 

varcely any effect at all on the electric condition of the surface. 

Experiments on Cast Iron, Mild Steel, and “ Stainless ”’ Steel.— 
Experiments with cast iron and mild steel indicate that their 
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general behaviour is very sifnilar to that of electrolytic iron. The 
curves for corresponding exposures, though not of exactly the same 
form, follow the general lines of those obtained with electrolytic 
iron. Fig. 30 shows curves for exposures of 1, 5, and 54 minutes 
on mild steel (19, 20, 21), and Fig. 34 those of 1, 10, and 100 minutes 
on cast iron (22, 23, 24). The electrodes come to a standard state 
after prolonged immersion in electrolyte, but in this state they are 
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(A) Curves 22, 23, and 24 show recovery of cast-iron electrode to the standard 
condition after exposure to air of 1, 10, and 100 minutes. Curve 25 shows 
affect of a 5-minute exposure to air on a stainless steel electrode. 

(B) Curves 26 and 27 show effect of passing a current of 40 microamps. for 
1 minute on electrodes of mild steel and cast iron. 

(C) Curves 19, 20, and 21 show recovery of mild-steel electrode to the standard 
condition after exposure to air of 1, 5, and 54 minutes. 


much more sensitive and go out of the standard state much more 
easily. 

Experiments with current indicate that cast iron and mild steel 
are more easily polarised, the polarisation effect being large com- 
pared with that of pure iron. This renders the task of finding the 
effect of passage of current upon the passifying film more difficult. 
The indications are that it is unaltered. Curves 26 and 27, Fig. 38, 
show the effect of passing a current of density about 40 microamp*. 
per sq. cm. for 1 minute to electrodes of mild steel and cast irot, 


respectively. 
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“ Stainless ”’ steel, as was anticipated, gave a completely different 
result—Ourve 25, Fig. 34, shows its behaviour when given an 
exposure to air of 5 minutes. After immersion in the electrolyte 
for 12 hours it was still in the same condition as when first put in. 
It behaved like a noble metal in having no definite potential of its 

own in the solution and in being extremely easily polarised so as 
to take up almost any potential. 


Summary. 


Iron when corroding is in a stable and reproducible state, and, 
provided that the electrodes are first aged by prolonged immersion 
in an electrolyte and the condition of aeration of the electrolyte is 
standardised, reproducible results can be obtained. 

The behaviour of pure electrolytic iron is also typical of that of 
mild steel and cast iron; difference in composition has but little 
effect provided that it is not such as to produce air passivity, as in 
the case of “‘ stainless ’’ steel. Such steel shows completely different 
behaviour : it resembles a noble metal, is easily polarised by minute 
currents, and shows no very definite normal potential. 

The potential which an iron electrode reached after prolonged 
immersion in an air-free electrolyte was taken as standard. In 
N/2-potassium sulphate this is between 0-75 and 0-80 volt on the 
saturated calomel scale, the actual value probably depending on 
the py of the solution. Electrodes in this condition were given 
various exposures to air and re-immersed in the same electro- 
lyte; the resulting potentials were measured, and their change 
{ with time observed. The curves showing this change with time, 
ie., the rate of recovery of the standard state, demonstrate that 
the film which is responsible for the corrosion current increases in 
protective power and resistance to destruction with time of exposure 
of the iron to air up to about 2 hours, after which but little further 
change takes place on further exposure. 

When this stage is reached immersion of the iron in air-free 
N/2-potassium sulphate causes a destruction of the ennobling film 
in about an hour, and a consequent return of the metal to the 
standard state in this time. Some film is formed even in the 
shortest exposures it was possible to give. The destruction of 
the film is due to action by the electrolyte; it is not destroyed if the 
electrode is merely left in contact with an inert gas after exposure. 

More drastic oxidation, such as anodic treatment in alkali, pro- 
duces a film which takes considerably longer to destroy on exposure 
to electrolyte than any that are air-formed; eventually, however, 
the same standard state is achieved in each case. 

The passage of corrosion currents has no effect on the ennobling 
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film that gives rise to the potential differences which produce them. 
The potentials are modified temporarily owing to polarisation 
effects, but these effects rapidly disappear when the current is 
stopped, leaving the film unchanged except for the action of the 
electrolyte. 


In conclusion, we ‘wish to express our gratitude to Mr. U. R. 
Evans, without whose interest and encouragement this work would 
probably not have been carried out. We are particularly indebted 
to him for corresponding with us during the progress of the work, 
and so to some extent mitigating the disadvantages of distance 
from other laboratories where similar work is being carried out. 


UNIVERSITY OF TASMANIA, HOBART. [ Received, October 30th, 1928.] 





XVI.—The Passivity of Metals. Part II. The 
Breakdown of the Protective Film and the Origin 
of Corrosion Currents. 

By Unick R. Evans. 


One of the difficulties affecting quantitative work on corrosion is 


that the attack is not uniform, but commences at a number of 
isolated points, the progress of the corrosion depending on the 
distribution of the points of origin. It is therefore important to 
decide how and why corrosion begins at such points. Two general 
views are held : (1) The points may be mouths of invisible cavities 
in the metal, the interiors of which, being less accessible to dissolved 
oxygen, should be anodic towards the area outside. (2) They may 
be merely breaks in a protective film, where the exposed metal will 
be anodic towards the surrounding film-covered surface. 
Tammann and Bredemeier (Z. anorg. Chem., 1925, 142, 54) 
have shown that cavities are often present in apparently sound 
metal, and the work of Seligman and Williams (J. Inst. Metals, 
1920, 23, 159) has indicated that certain types of local corrosion 
are connected with such cavities in aluminium, but this is probably 
an exceptional case. Callendar (Proc. Roy. Soc., 1927, A, 115, 
349), who has studied the corrosion of aluminium in detail, con- 
siders that “‘ the primary cathode and anode areas on a pure metal 
are determined largely by the distribution of oxide and other 
films.” Similarly, for brass, Bengough and May (J. Inst. Metals, 
1924, 32, 155, 228) record certain cases of local attack connected 
with pre-existing cracks or pores; but here again these examples 
are considered to be exceptional, and the investigators expressly 
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dissociate themselves from the views of Maass and Liebreich (Z. 
Metallkunde, 1923, 15, 245), who consider that the grooves left on 
drawing brass are commonly responsible for serious corrosion. 
Bengough and his colleagues have long held the view that local 
failure of a protective ‘“‘ scale” is a frequent cause of localised 
| attack (see, e.g., Bengough and Hudson, J. Inst. Metals, 1919, 
21, 37). 

On the other hand, the author and others have found some 
difficulty in regarding the sites of local corrosion simply as breaks in 
an otherwise continuous scale, since corrosion commences locally 
even on specimens carefully cleaned by abrasion. However, recent 
work has indicated that simple exposure to air causes a film to form 
over a metallic surface with astonishing rapidity (J., 1927, 1029), 
and thus the above objection has largely been removed. 

The present work was designed to distinguish definitely between 
these two views and to apply the results to the study of the 
mechanism of corrosion. 


EXPERIMENTAL. 


Materials and Method.—Two samples of vacuum-melted electro- 
lytic iron foil (E 26 and E 28) and two of mild steel (H 26 and 
H 28) were prepared specially through the kindness of Dr. W. H. 
Hatfield. The analyses of these samples were : 


E 26. E 28. H 26. H 28. 
0-03 0-18 0-26 
0-04 0-56 0-57 
Trace 0-04 0-15 
0-005 0-047 0-014 
Phosphorus . 0-020 0-028 0-018 
ome and Copper ... : Nil 0-10 0-09 
omium Nil Nil Nil 
Heat-treatment after boneaniil Annealed = 
i } { above A; } None above A; Sone 


Fawn. } Lamellar Normal Lamellar 


0-09 0-21 0-11 0-21 


In addition, some specimens of sand-blasted steel were kindly 
supplied by Mr. W. E. Ballard. Two kinds of zinc were employed, 
one a commercial sheet zinc containing 1-29°% of lead, and the other 
rolled, through the kindness of Mr. H. C. Lancaster, from electro- 
lytic spelter of 99-97% purity. The copper was Kahlbaum’s 
electrolytic foil; and of the two specimens of aluminium employed, 
one was a hard-rolled sheet with 0-34% Si and 0-39% Fe and the 
other an annealed sheet with 0-33% Si and 0-40% Fe. Throughout 
this paper the terms “ finely ground surface” refer to a surface 
ground with No. 1 (French) emery, and the description “rolled 
surface ’’ denotes the surface as produced by the rolling-mill, the 
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specimens being washed with benzene and then with alcohol, but 
not abraded. , 

Anodic Corrosion under Anaerobic Conditions —The “ cavity 
theory ” outlined above will account for local corrosion when dis. 
solved oxygen is present. If the liquid contains no oxygen or 
oxidising agent, and the corrosion is produced by an externally 
applied #.M.F., there is no reason why the interior of cavities, 
as such, should be corroded more readily than other places, pro- 
vided that the conditions are such that the corrosion is favoured 
by increase of current density, 
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The electrolysis vessel (Fig. 1) could be completely filled with 
liquid without air space. Since it was essential to introduce the 
electrodes without heating, the following arrangement was adopted. 
The rubber stopper, R, was pierced by a central round hole, from 
which four slits extended radially. The narrow portion (n) of each 
electrode was introduced into the central hole, and pushed side- 
ways into its proper slit, which was held open by suitable pressure 
upon the rubber in a vice; when all four electrodes were in their 
four slits, a closed glass tube @ was pushed into the central hole, 
and the outside smeared with Durofix, making a water-tight joint. 
The rubber stepper was then put into its place in the vessel and 
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the ground.in. stopper S with side tube X was introduced. M/10- 
Potassium chloride was admitted through funnel F and,tap 7, 
the vessel being tilted to ensure that air was. expelled through 
tap 7’, none being entrapped at S. When electrolysis was pro- 
ceeding, 7’, was closed and 7’, slightly open, so that the hydrogen 
collecting at S could expel a corresponding portion of liquid, Three 
of the electrodes served as anodes and one as cathode. The anodes 
were prepared at least 24 hours before the experiment and kept in 
a desiccator, 

Electrolysis was first conducted between the cathode and the 
central anode, which was always of iron, but no account was taken 
of the results of the corrosion of that anode, since the liquid still 
contained a little oxygen during this preliminary electrolysis. The 
precipitate formed by interaction between the cathodic and anodic 
products was at first brown, then green, and finally white. As 
soon as a considerable quantity of the white product (ferrous 
hydroxide) had accumulated, showing that no free oxygen remained, 
the second anode was connected in place of the first. When this 
showed signs of corrosion, the connexions were transferred to the 
third anode, which received a rather longer treatment. The anodes 
were then taken out and studied under the microscope. 

Anodes of electrolytic iron, steel, aluminium (two varieties), and 
zinc (two varieties) were thus studied under different surface con- 
ditions; the mean current density employed in most of the experi- 
ments was 0-03 amp./sq. cm. In every instance, corrosion com- 
menced locally at isolated points. On electrolytic iron, it remained 
local, producing neat little undercut cavities of which the diameter 
increased only slowly as corrosion proceeded. On zinc the attack 
spread out rapidly from the points of origin, and aluminium showed 
an intermediate behaviour. On steel the attack remained less 
localised than on pure iron. The position of the points of local 
corrosion is significant. On ground specimens the points occurred 
arranged on the deeper grooves, whereas on rolled specimens they 
either fell on lines indicating the rolling direction or were connected 
with surface defects; in many cases there was a special tendency 
for the points of attack to lie near the edge of the specimen, where 
the metal had been stressed in cutting. In one sample of hard 
aluminium, rolled some years previously, pitting occurred along 
lines left by the rolling; some, at least, of the points of pitting 
represented the sites of tiny white dots which existed on the sheet 
when received; these dots apparently were due to incipient, atmo- 
spheric corrosion which had failed to develop. Aluminium annealed 
after rolling showed numerous cleau-cut pits, sporadically distributed 
and independent of the rolling marks; but there were also areas 
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showing general etching, and the boundaries of these areas tended 
to follow the rolling direction. 

Now, those points which favour the initiation of corrosion when 
an external #.M.F. is applied under anaerobic conditions are just 
those which favour corrosion in the presence of dissolved oxygen 
when no external H.M.F. is applied. The cause must be the 
same in both cases. The first case cannot be explained by assuming 
a difference in oxygen concentration between the interior and the 
exterior of hypothetical cavities. Hence we are forced to conclude 
that the sites of local corrosion simply represent weak spots in the 
protective coating. They cannot, however, in all instances be 
actual gaps in the film such as would admit gaseous diffusion, 
since gaps of that character would have been healed through the 
exposure to air before the experiment—at least in some of the cases 
examined. But they may well represent weak spots where chlorine 
ions will pierce the skin in preference to other places under the 
directive influence of the externally applied Z.M.F. Such weak 
spots might, for instance, be places of great surface irregularity, or 
regions where intense internal stresses left in the metal keep the 
oxide skin in a distended condition. In some instances weak spots 
undoubtedly coincided with cavities in the metal itself; but there 
appeared no reason to think that the existence of pores (as such) 
is a necessary condition for localised corrosion. 

Corrosion (without Applied E.M.F.) under Conditions of Differ. 
ential Aeration.—Strips of rolled steel or zinc were scratched with 
a file or diamond point and immediately partly immersed in M/10- 
potassium chloride or sulphate. Corrosion quickly set in along 
the scratch-lines, and extended downwards, this being the direction 
of lowest oxygen concentration. Possibly gravity also facilitated 
the downward spread of corrosion in some cases, notably that of 
zine in a chloride solution, where the two primary products (zine 
chloride and potassium hydroxide) can co-exist for a sensible time 
before producing a coherent precipitate; but in most cases (¢,., 
zinc in a sulphate solution) gravity appeared to play only a minor 
part, since even in specimens placed at an angle of only 20° to the 
horizontal, the spread of corrosion in the direction of low oxygen 
concentration was seen just as well on the lower side as on the 
upper side of the specimens. The uniform triangular groove left 
by the diamond point produced less marked corrosion than the 
irregular scratch made by a steel file. In the parts of the specimens 
near the water line, where the oxygen concentration was high, 
corrosion along the scratch lines frequently slowed down, or evel 
ceased altogether, evidently because here the dissolved oxyget 
repaired the damage done to the skin. 
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All the observations made pointed to the fact that two mutually 
antagonistic changes were proceeding: (1) direct combination with 
oxygen, giving a protective oxide film; and (2) anodic atiack of 
the metal, yielding a soluble chloride or sulphate (which, however, 
soon produces a sparingly soluble hydroxide by interaction with the 
alkali formed simultaneously at the surrounding cathodic area). 

Where oxygen is in excess, the first change, and where it is 
deficient, the second change, will usually prevail. The mere fact 
that anodic attack has commenced does not necessarily preclude 
subsequent’ repair by oxygen, if supplied in excess; but if once 
sufficient loose corrosion product has been formed to prevent 
oxygen from diffusing to the metallic surface, the attack is not likely 
o be stopped at the points concerned. 

In rolled unscratched specimens, local corrosion often set in at 
scattered “‘ weak points’; some of these may have been caused 
by unintentional bending in the laboratory, but in many cases, at 
east, they represented defects originating in the rolling mill, or 
pven in the foundry. Even where intentional scratches had been 
made, corrosion .sometimes occurred at the natural defects in 
preference to the artificial. The pure zinc, as received, had many 
breaks in the smooth surface, in some cases revealing under the 
microscope marked elongated cavities. Unscratched specimens 

artly immersed in M/10-potassium chloride developed within 

bout 30 minutes rings or loops of membranous zine hydroxide, 
nd in practically every case the microscope revealed a defect of 
he kind mentioned at the centre of the ring or loop. No doubt 

t such places tbe original oxide film will tend to be weak, and 

he inaccessibility of the interior of the cavities to diffusing oxygen 

ill appreciably reduce the chance of effective repair, so that 
jorrosion continues apace at these places. This represents, there- 

, a case where the “ cavity theory ” appears to be substantially 
orrect.. 

Besides starting at scratches and depressions, corrosion frequently 

arted from ‘‘ weak points” on and very near the cut edges; 

hese appeared to result from the stresses produced by the slight 
ending which necessarily accompanies cutting; corrosion also 
curred wherever there were kinks or crumples of any sort. 

Numerous experiments were carried out to study the effect of 

nding on the corrosion of electrolytic iron, steel, and zine. 

arow strips of finely ground metal were exposed to dry air or 

/10-potassium chromate solution, and then bent in the centre 

round a glass tube; they were afterwards placed in porcelain 

shes containing M/10-potassium sulphate or chloride; in most 


kperiments on steel or iron, potassium ferricyanide (2 g. per litre) 
E 
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was also added as an indicator. Special corrosion was observed 
to set in at points situated on the bend; generally the convex side 
suffered more readily than the concave. Sometimes corrosion also 
set in at the ends where the specimen had been clinched with smal] 
pliers during the bending processes, but this was connected with 
the slight bending which the clinching involved; mere uniform 
pressure appeared to have very little effect. If the specimens were 
kept in air or potassium chromate solution for some hours between 
bending and immersion in the corrosive salt solution, the effect 
at the bend became less sharply defined, although corrosion still 
oceurred at other places, notably over the “ unaerated portion” 
where the bottom edge of the specimens rested upon the dish. 

The results obtained with bent specimens are of interest in con. 
nexion with the author’s observations on steel strips covered with 
thicker (visible) films of copper, nickel, and zine (Engineering, 1928, 
126, 407). Here bending produced visible cracks, usually on the 
convex, sometimes on the concave, side; and corrosion commonly 
set in along these cracks. Mere pressure upon the film, however, 
even if intense, produced scarcely any damage to the film, and 
rarely led to corrosion. The close analogy with the new results 
suggests strongly that the corrosion produced by the bending of 
ordinary (unplated) iron, steel, or zinc is due to the cracking of an 
invisible skin of oxide or other compound. The residual stresses 
left in the metal itself, however, play an important part, because 
they tend to keep cracking or distending the films which are pro- 
duced (after immersion) by the action of dissolved oxygen. Several ;,; 
examples of local corrosion set up by residual stresses have been, 
seen during the present work, and the idea of film cracking may 


perhaps help to interpret the observations of others. Hatfield andj .,; 


Thirkell (J. Inst. Metals, 1919, 22, 67) and Moore, Beckinsale, and 
Mallinson (ibid., 1920, 23, 225; 1921, 25, 35; 1922, 27, 149) have 
shown the effect of residual (internal) stresses on the corrosion 0 
brass. Rawdon (Ind. Eng. Chem., 1927, 19, 613) has pointed out 
that the corrosion of several metals is facilitated by externally. 
applied tensile stresses, and McAdam (Proc. Amer. Soc. Test. Mat. 
1926, 26, ii, 224; 1927, 27, ii, 102; 1928, advance proof) h 
studied the even more marked effect of alternating stresses on corr 
sion (see also Speller, McCorkle, and Mumma, ibid., 1928, advance 
proof). Finally, Bengough, Stuart, and Lee (Proc. Roy. Soc., 19%, 
A, 116, 425) have found that different types of abrasion produ 
distinctly different values for the initial rate of the corrosion @ 
zinc. 

Apart from the intense local corrosion occurring at weak poi 
there occurs general corrosion on the lower parts of specimeli 
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which are inaccessible to repairing oxygen. This regional attack 
commences at the bottom of the specimen and gradually advances 
upwards, the upper boundary remaining usually straight and hori- 
zontal. The phenomenon may possibly be due to the film substance 
being itself permeable to anions; but microscopic examination of 
specimens taken out at different stages of the process suggests 
that it is really due to the occurrence of a large number of minor 
weak points placed so close together as to constitute almost uniform 
leakage. This leakage occurs only at places inaccessible to dis- 
solved oxygen; where oxygen can penetrate, the minor weak points 
are kept in repair. 

Experiments on Electrolytic Iron in Copper Salt Solutions.—It was 
shown in earlier work that iron exposed to dry air after grinding 
no longer reacts with copper nitrate solution, although it may still 
deposit copper from chloride or sulphate solution. No doubt the 
fact that copper nitrate is itself potentially an oxidising agent may 
account for this. Provided, that stresses are not present which 
keep cracking the film too quickly, the nitrate may perhaps itself 
help to repair the film; if cracking is too persistent, copper will be 
deposited. The effects of different types of local abrasion on the 
deposition of copper have now been studied. Uniform grooves 
made on air-passive iron by a diamond cutter, a steel knife-point. 
or a smooth agate style were almost ineffective in producing depos- 
ition of copper, but where the iron surface had been abraded with 
jagged glass or with the edge of a carborundum wheel, rapid depos- 
ition of copper occurred. All types of abrasion will leave internal 
stresses in the metal, but the stresses left by the diamond, steel 
point, or agate style will not be likely to produce cracking in the 
skin; on the other hand, the forms of abrasion which tear the 
surface will leave tangential stresses likely to keep the film con- 
tinually in a cracked or distended condition. Moreover, the 
diamond, steel, or agate leaves a smooth surface, whereas the sharp 

glass or carborundum leaves a jagged surface, usually with micro- 
‘Mscropic undercut cavities, possibly containing fragments of the 
"abrasive. 

@ Electrolytic iron (E 28) exposed to dry air for 24 hours after fine 
abrasion, although hardly affected by M/20-copper nitrate (except 
0a small extent at the cut edges), became covered uniformly with 
opper when placed in M/20-cupric chloride or sulphate; the 
hloride gave a much less adherent deposit than the sulphate, and 
he copper colour (rather unexpectedly) appeared more slowly; the 
apidity with which the copper colour appears in the sulphate bath 
may be the result of the good adhesion, since clearly the first traces 
‘Wy copper, if in good electrical contact with the iron, will serve as a 





100 EVANS: THE PASSIVITY OF METALS, 


cathode upon which further copper can be deposited. When iron 
which had been scratched locally. was dipped for about. a second in 
M /20-copper sulphate, washed quickly, and examined’ under the 
microscope, copper deposition was seen to have already commenced 
in the scratches, and sometimes the iron adjacent to the scratches 
was also plated with copper; the rest, however, was still bare. 
Scratching with jagged glass or carborundum promoted copper 
deposition most readily, but the diamond scratches also served as 
places where copper deposition would commence preferentially; 
abrasion with the agate style, which leaves a smooth gently rounded 
indent, seemed to have no effect in promoting deposition of copper. 

In more concentrated (M/2) copper sulphate, the iron behaved 
differently... For a few seconds, no change occurred visible to the 
unaided eye, although specimens immersed for one second only. 
then quickly washed, dried, and examined under the microscope 
showed the production of traces of metallic copper along the cut 
edges. Specimens immersed for longer periods underwent a rapid 
alteration quite suddenly (often after about 10 seconds). Depos- 
ition of copper on the face commenced at certain points, usually 
along the edges, but sometimes (in half-immersed specimens) on the 
water line, or (in drop experiments) at the margins of drops. Some- 
times deposition of copper commenced at other weak spots where 
the metal had been held with pliers or had otherwise suffered 
pressure or bending. Once commenced, the deposition of copper 
spread out with great rapidity until the whole surface was plated 
with copper. In some specimens, however, the extension of the 
copper deposit proceeded jerkily, being suddenly held up along 
certain irregular lines, along which, presumably, the protective 
film was specially adherent. 

The different behaviour of dilute and concentrated copper sulphate 
solutions is easily understood. Deposition of copper at the cut 
edges involves anodic action upon the iron elsewhere. Anodic 
treatment of iron in a sulphate solution gives rise, as is well known, 
to soluble iron sulphate at low current density, but at high current 
densities other reactions become possible and the iron becomes 
oxidised and passive. Immersion of iron in dilute copper sulphate 
is equivalent to anodic treatment at low current density, and 
immersion in concentrated copper sulphate is equivalent to treat- 
ment at high current density. In this case the commencement of 
the attack at the cut edges and the extension of the areas through 
undermining of the skin are easily understood. 

Possibly the behaviour of the iron towards copper nitrate is to 
be explained in a similar manner. Where large breaks occur in the 
oxide skin, replacement of iron by copper proceeds readily, the 
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necessary current density at the anodic portions being low. If the 
cracks are very small, the anodic current. density involved in the 
deposition of copper is high, and the iron becomes oxidised, healing 
the cracks, so, that the action does not develop. Of course, a 
smaller current density is needed to produce passivity in a nitrate 
than in a sulphate solution, and’ thus specimens of iron which 
fail to deposit copper frem a nitrate solution may still react with a 
sulphate solution. 

Experiments on Copper in Silver Nitrate ‘Solution. ~—Finely ground 
copper, bent immediately after grinding and placed at once in 
M /25-silver nitrate, showed general blackening in a few seconds; 
there was no special phenomenon at the bend. Finely ground 
copper, kept for 9 days in a desiccator, then bent and placed in 
the same solution, showed marked deposition of silver all round 
the bend, and practically none elsewhere, except at small isolated 
points; whereas if it was bent and then exposed to air for 9 days 
it showed no special deposition at the bend, the exposure having 
apparently ‘‘ healed ”’ the damage to the film. 

These experiments are important, for they appear to exclude a 
possible alternative theory. It might be argued that, since a dis- 
torted lattice is less stable than an undistorted one, strained metal 
should be anodie towards unstrained, quite apart from any question 
of film cracking. This is probably true, but it does not seem to 
be the cause of the phenomena actually noted at the bends, which 
appear only when opportunity has been given for the cracking of a 
protective skin. 

Origin of Corrosion Currents.—If the new results are considered in 
conjunction with those obtained in previous work on the corrosion 
produced by dissolved oxygen, it appears fairly certain that the 
sites of local attack are weak points in a protective film of oxide. 
This is true of three important types of corrosion : (1) The corrosion 
produced by bending or stressing is due to the fact that the cracking 
of the film at the bends or stressed portion renders this part anodic 
to the rest. (2) Corrosion in pits and parts of the surface screened 
from dissolved oxygen by foreign matter is due to the fact that 
here the film is kept in less good repair than elsewhere, and conse- 
quently the “unaerated” portions are anodic to the rest. (3) 
Many instances of water-line attack are probably due to the fact 
that the protective skin adheres to the water-air instead of to the 
metal-water interface, thus exposing the metal. Im general, the 
junction of different phases represents a point of weakness on a 
protective film. It is possible that the acceleration of corrosion 
by heterophase impurities may be due to the tendency of film 
failure to extend along the phase junctions. It is a remarkable 
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fact that frequently non-conducting inclusions appear to be as 
potent in determining the sites of corrosion as conducting sub. 
stances. 

It must be recognised that there are many types of corrosion 
not determined by the distribution of films : these occur mainly in 
acid solution, where an oxide film would be dissolved. Thus, in 
the corrosion of impure zinc by acids, the corrosion currents flow 
between zinc and its impurities. Again, in the corrosion of copper, 
lead, and cadmium in acid solutions, electric currents may be set 
up by the unequal stirring of the liquid; the parts over which water 
flows most rapidly become impoverished in metallic ions, and are 
thus kept anodic towards the rest, suffering intense local corrosion. 
It is noteworthy that the chief metal which shows this “ stirring 
current ” really well, even in neutral solution also, is copper, a 
metal of which the oxide film has only a very weakly protective 
character. With zinc and iron in neutral solution, the points over 
which the water flows most rapidly usually become cathodic to the 
rest, owing to the increased supply of oxygen to these points. 

It is fairly certain that in the types of corrosion mentioned 
above, the attack is connected with electric currents flowing between 
anodic and cathodic areas; in general, the insoluble corrosion pro- 
duct is a secondary product formed by interaction between the 
materials formed on the anodic and the cathodic areas. The 
currents set up by “differential aeration” have already been 
demonstrated and measured (J. Inst. Metals, 1923, 30, 239); it is 
equally easy to demonstrate the current set up by bending one of 
a pair of similar electrodes; the bent electrode functions as anode, 
but by bending the other, the current can be reduced to zero, or 
even reversed. 

Donker and Dengg (Korrosion und Metallschutz, 1927, 3, 217) 
consider that the maximum £.M.F. available for the corrosion of 
iron is that of the cell iron|liquidjoxygen. This #.M.F. will 
theoretically fall between 1-0 and 1-2 volts according to the extent 
to which alkali is allowed to accumulate at the surface. In the 
author’s opinion, these theoretical values are only likely to be 
realised if the “‘ aerated ” (cathodic) area has a film which is per- 
fectly free from weak points. This is best seen if we consider the 
case of iron coated with a visible film of copper, instead of an 
invisible film of oxide. Several potentiometric tests of steel which 
had been coated with a porous layer of copper by the Schoop 
process showed that the #H.M.F. of the cell steel|liquid|copper- 
covered steel is definitely less than that of the cell steel|liquid|solid 
copper, and the #.M.F. of the former cell becomes smaller and 
smaller as the copper deposit is made thinner and more porous, as 
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isto be expected. It is not surprising, therefore, that the difference 
between the potentials of the anodic and the cathodic parts of 
ordinary (unplated) steel specimens corroded in N/10-sodium 
chloride solution under conditions of differential aeration has been 
found by McAulay and Bowden (J., 1925, 127, 2605) to be only 
about 0-2 volt—far below the theoretical value. The question 
arises, however, whether a higher #.M.F. might not be obtained 
under specially favourable conditions. 

Some attempts were made to measure the #.M.F. between 
aerated and unaerated steel under conditions such as to ensure a 
bountiful supply of repairing oxygen to all parts of the “ aerated ”’ 
area. The unaerated electrode consisted of a strip of finely ground 
steel fixed at the bottom of a glass vessel containing M /10-potassium 
chloride or sulphate, and for some days previous to the experiment 
kept joined by an external wire to a large piece of the same steel 
clamped above so as to pass through the water line. When the 
lower piece of steel was completely covered with rust, it was dis- 
connected from the upper piece, and a narrow strip of steel was 
cautiously lowered until its lower edge just touched the surface of 
the liquid; regarding this as the aerated electrode, the H.M.F. 
between it and the lower electrode was measured on the potentio- 
meter. The values obtained varied with different strips, and also 
with the time, but usually fell between 0-22 and 0-26 volt; although 
slightly higher than those previously obtained, these voltages are 
still far below the theoretical values. 

In the arrangement just described, it was the edge of the upper 
electrode which was presented to the liquid; i.e., a typical weak 
place was employed. In order to avoid this, strips of filter-paper 
were pulled into two, so as to leave ragged ends terminating in 
fibres. One of these was hung over the edge of the containing 
vessel, and when it had sucked up liquid, a fresh piece of finely 
ground steel was clamped so that the damp fibres of the ragged 
end of the filter-paper strip just touched the metal; the #.M.F. 
was then measured. In this way different points on the same 
piece of steel could be tested; as previously found by McAulay 
and Bowden, the readings varied considerably from spot to spot. 
Near the edges, the #.M.F. was always low, and sometimes low 
values were also obtained at points in the centre, which could often 
be correlated with definite defects in the surface; but for most 
points in the centre the values ranged between 0-42 to 0-49 volt 
both in chloride and in sulphate solution. With electrolytic iron 
the range appeared to be almost the same (usually 0-41—0-45 volt), 
with much lower values near the edge. Although the value varied 
considerably according to the position chosen for the test on the 
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aerated electrode, experiments in which three separate unaerated 
electrodes were fixed in the apparatus—capable of independent 
connexion to the potentiometer—indicated that it made but little 
difference which one of the three was used. 

It is surprising to find that an #.M.F. of nearly 0-5 volt can be 
set up simply by differences in oxygen accessibility. It is still far 
below the theoretical iron-oxygen value, but it seems probable that 
the #.M.F. between perfectly film-free iron and iron covered with 
an “ideal ” film free from weak places might attain the theoretical 
value if balanced on the potentiometer. Such an #.M.F., how. 
ever, would not operate during the corrosion process, since it was 
found that the #.M.F. always dropped rapidly when it produced a 
current (i.¢e., when it produced corrosion).. It was noticed that after 
the two electrodes had been short-circuited even for a few seconds, 
low values were obtained, which slowly rose again with the time. 

Experiments were also carried out with zinc, two varieties of the 
metal being used in both chloride and sulphate solution; as found 
by McAulay and Bowden, the #.M.F.’s were lower than in the case 
of steel, but varied considerably with the positions on a single 
specimen; values between 0-10 and 0-17 volt were obtained. The 
low values are naturally connected with the fact that the protective 
skin on zinc is much less perfect than that on iron. It does not 
follow that the corrosion currents set up by zinc under differential 
aeration conditions will be lower than those of iron. On the con- 
trary, the low values of the #.M.F. measured with zinc are probably 
to be ascribed to the flow of local currents on the aerated electrode 
which, of course, cannot be prevented by balancing the system on 
a potentiometer. 

The Extension of the Breakdown.—In order to follow the early 
stages of corrosion before any change became visible, a potentio- 
meter method was employed similar in principle to that used by 
May (Engineering, 1928, 126, 309), and by McAulay and Bastow 
(preceding paper). The potential of iron covered with a discon- 
tinuous layer of another material lies between the potential of 
uncoated iron and that of the coating material, but the value 
depends on the degree of discontinuity. For instance, iron sprayed 
with a porous coat of copper shows a potential close to that of 
compact copper if the porosity is slight, but close to that of iron 
if the coating is highly discontinuous. Similarly, iron covered with 
a discontinuous oxide film should give a potential on the positive 
side of the potential of film-free iron; if the breakdown extends, 
after immersion, the potential should move in a negative direction, 
whereas if healing predominates, it should move in a positive 


direction. 
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The metals to be tested were rubbed with French emery No. 1, 
cut into strips 1 em. wide, washed with alcohol, ether, and benzene, 
and mounted in the usual manner by means of rubber in wide glass 
hoods; they were then kept for 24 hours in a vessel containing 
calcium chloride and soda-lime (certain iron specimens were treated 
in M/10-potassium chromate). Each separate specimen had a 
hood of its own, which, during the period before the test, served to 
protect it from accidental bending; during the experiment itself 
the hood served to exclude atmospheric disturbances, and formed a 
water seal which allowed the specimen to be lowered, almost instan- 
taneously, into the liquid without danger of stresses to the metal 
(see Fig. 2). The liquid employed was N/10-potassium chloride 
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(previously shaken in a half-filled flask), and connexion was made 
through a three-way tap to a N’/10-calomel electrode contained in a 
vessel cf amber glass to prevent the disturbing influence of light on 
the potential; this vessel was completely full of liquid (no air 
space). Since the liquid was N/10-potassium chloride in both 
vessels, there was no appreciable error due to boundary potential. 
As the potential changed extremely rapidly, it was necessary to 
use a galvanometer detector, but the disturbance caused by passage 
of current was avoided by performing preliminary experiments 
which gave approximate readings for the potentials at different 
times, and these values enabled the potentiometer to be kept nearly 
in adjustment throughout the course of the actual experiments 
(with aluminium, this could not be done to the same extent, and 
the readings are probably less accurate). In these final experiments 
the values were obtained on a Weston voltmeter, checked against a 


Raake instrument. Preliminary experiments showed that the 
B2 
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shape of the electrode was not important; an immersed area of 
1-0 x 1-5 cm. was found to be suitable. Altogether 49 specimens 
were tested; a few of the results are shown in the curves of 
Fig. 3, times being measured from the instant of immersion; the 
temperature was 20°. 

All these experiments were performed in duplicate. The iron, 
steel, and zinc specimens showed sufficient agreement between 
duplicates to be represented by a single curve, but the aluminium 
specimens showed much greater individuality. The curves indicate 
clearly that the breakdown extends less quickly on iron previously 
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treated with potassium chromate than on iron merely exposed to 
dry air for the same period—a conclusion previously reached by 
McAulay and Bastow (preceding paper)—and also that the 
breakdown on steel occurs more quickly than that on pure iron. 
The final values of all three materials, reached after 22 hours, are, 
however, approximately the same for steel, iron, and chromate- 
treated iron. Zinc shows from the very first a value within 0-04 
volt of the final value, indicating that the oxide film on this metal 
has only a very small protective value; however, a small but 
genuine drop was shown by all the zinc specimens tested. 

Unlike iron, steel, or zinc, the aluminium specimens showed 4 
marked rise in potential with time. This appears to indicate that 
on this metal the weak points tend to “ heal,” and the conclusion 
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is supported by the observations made later when the changes 
finally become visible; whereas the corroded areas on zinc, iron, 
and steel appear as patches which rapidly extend until they cover 
more than half the immersed surface, the corroding points on 
aluminium during the same period remain of microscopic dimen- 
sions. Although individual aluminium specimens showed different 
curves, all the specimens tested displayed this rise. Specimens of 
aluminium ground only 5 minutes before the experiment, however, 
showed a temporary fall in potential after immersion, followed by a 
much greater rise; no doubt, at first the stresses left by the recent 
abrasion permitted the breakdown to extend temporarily, but as 
scon as the stresses were relieved thereby, the healing influence 
began to predominate once more. 

Another series of experiments was carried out in sulphate solu- 
tions; here the general form of the curves was the same, but the 
values have no absolute significance, owing to the error due to liquid 
boundary potentials. 

Since this work was finished, French and Kahlenberg (J. Amer. 
Electrochem. Soc., 1928, advance proof) have published a study of 
the effect of oxygen, hydrogen, and other gases on the potential 
of various metals. They consider that the alteration of the potential 
is ‘due both to absorbed gas and a condensed film of gas.” The 
author agrees with many of the views put forward, but considers 
that the effect of oxygen on such metals as iron is much more 
satisfactorily explained by taking into account the effects of the 
discontinuous oxide film. Im any case, the superior effect of 
potassium chromate over that of air, in elevating the potential, 
and the disturbing effect of surface weaknesses and residual stresses, 
can hardly be explained simply by considering absorbed and 
condensed gases. 

Undermining and Flaking.—Closely allied to “‘ passivity ”’ is the 
phenomenon known as “ flaking.” Bengough, Jones, and Pirret 
(J. Inst. Metals, 1920, 23, 80) found that when specimens of drawn 
brass were immersed in dilute ammonium nitrate solution the 
reagent penetrated below the surface, undermining the surface 
layers, which in the course of some weeks, could be peeled off; 
the thin films thus removed consisted of uncorroded brass and were 
about 0-01 mm. thick. A similar effect was afterwards obtained 
with rolled zine by the author (J. Soc. Chem. Ind., 1926, 45, 421). 

The tendency for corrosion in rolled or drawn material to proceed 
parallel to the surface is readily explicable. Any type of attack 
which preferentially follows the crystal boundaries (whether it be 
attributed to intercrystalline impurities, intercrystalline cavities, or 
“amorphous ” metal) will advance most quickly in this direction, 
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since in worked materials the crystals are elongated parallel to the 
surface; the arrangement of non-attackable inclusions in planes 
parallel to the surface will also form barriers tending to deflect the 
attack in the direction in question—an important matter in the 
corrosion of wrought iron (ibid., 1928, 47, 627). But it is still 
necessary to explain why the surface layers of the metal should 
not be corroded away, leaving only an oxide skin, as was actually 
found to be the case with passive pure iron (J., 1927, 1020). We 
appear at first sight to be dealing with cases where the ‘‘ protective 
film ” consists, not of an oxide, but of the metal itself; and it is 
specially puzzling to meet this in a metal such as zinc, where, 
according to Russell (Nature, 1925, 145, 455), two different elec. 
tronic configurations of the metallic atom are not to be expected. 

A series of microscopic observations has shown, however, that 
there is no sharp distinction between undermining of the surface in 
zine and the stripping of the protective skin from passive iron. If 
pure iron is coarsely ground and coated with an oxide film either by 
heat-tinting in air or by treatment with potassium chromate solu- 
tion, and the film is then undermined and removed by means of 
iodine, it is found to consist almost completely of oxide, with 
occasional specks of opaque metallic iron. If, however, the metal 
has been ground with a very fine abrasive before being rendered 
passive, treatment with iodine isolates flakes which show a frame- 
work of metal supporting “‘ windows” of very thin oxide film. 
With aluminium, both the iodine method and the anodic method 
of isolating the surface film give flakes which are partly metallic, 
although in places the transparent oxide film, bearing the original 
marks of abrasion, can be seen free from any metallic support. 
It was found that the flaking which occurred when rolled zinc was 
immersed in M/10-potassium chloride or sulphate for some weeks 
was merely an extreme example of the same effect. To the naked 
eye the flakes appeared metallic and opaque; on treatment with 
dilute acid they dissolved quickly with effervescence; but a micro- 
scopic examination showed that some of the fragments were quite 
transparent in places, and in some cases it was possible with a wire 
point under the microscope to break the flakes into parallel layers. 
After considerable microscopic study, the opinion was formed that 
the flakes consisted of alternate layers of metallic zinc and zinc 
oxide. 

The key to the phenomenon is provided by the work of Stead 
(J. Iron and Steel Inst., 1921, 403, 271), who found that iron heated 
to a high temperature in air suffered intergranular oxidation, the 
oxygen penetrating between the crystals, and separating them by 
a sheath of oxide. 'No doubt at lower temperatures the same 
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phenomenon can occur, but the oxide sheath will be thinner 
(invisible in sections) and will not penetrate so far. In rolled metal 
we may expect the debris of flattened grains composing the surface 
layers to have a certain amount of oxide between them; possibly 
the rolling may actually help to introduce oxide below the surface. 
Doubtless the subcutaneous oxide sheaths will not be continuous, 
but they will make the attack of the surface portion of the metal, 
either from above or below, a slow matter; the portion of the 
metal further from the surface will be corroded more quickly. 
Hence arises the undermining and loosening of flakes consisting 
partly of metal and partly of oxide, in proportions depending on 
the chemical and mechanical properties of the metal and on its 
previous treatment. 

It remains, however, to consider why the film removed from 
iron which has been coarsely abraded before being rendered passive 
consists almost wholly of oxide. It would seem that here the 
violent abrasion produces a series of cracks. through which the 
oxidising agent can pass, thus converting into oxide the portions 
of metal which would otherwise be isolated between oxide sheaths, 
and leaving only specks of metallic iron here and there. Such 
specks are actually seen in the mieroscopic examination of the 
separated film, and are arranged in an ordered manner connected 
with the abrasion directions. In metal which has been only gently 
abraded, less cracking occurs. and, the main function of the oxidising 
agent. which produces the passivity is simply to repair any damage 
to the oxide film already present on the exterior surface. 

Miller (Z. Elektrochem., 1928, 34, 583), in commenting on the 
author’s previous work (J., 1927, 1020), accepts the view that the 
inertness shown towards copper salts, after exposure to air or 
potassium chromate is due to a protective film, but considers that 
the passivity obtained by anodic treatment, in acid solution cannot 
be ascribed to such a cause. . He finds that iron rendered passive by 
exposure to air quickly deposits copper from an acidified copper 
salt solution, and that the time needed to produce passivity by 
anodic treatment of air-exposed iron electrodes is practically the 
same as that needed in the case of freshly polished electrodes. More- 
over, iron which has been rendered passive by anodic treatment 
resists rusting under conditions which cause rusting of active iron. 
He concludes, therefore, that films play no part in causing anodic 
passivity, and that active and passive iron represent different states 
of the metal. 

The facts brought forward by Miiller accord well with the author’s 
own experience. The film produced by the direct action of dry 
air or iron never survives such drastic conditions as Miiller has 
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employed. It breaks down, for instance, in the presence of chlorine 
ions (usually even sulphate ions), the attack setting in at any of 
the weak places which are not sufficiently supplied with the dis. 
solved oxygen necessary for constant repair. But if the iron itself 
is already supercharged with oxygen by previous anodic treatment, 
there is no reason for this breakdown to occur, whatever be the 
distribution of oxygen in the solution; as soon as the charge of 
oxygen is removed by suitable cathodic action (e.g., by contact 
with zinc), the iron becomes capable of rusting, and this Miiller 
has found. 

The fact that the mild passivity produced by air-exposure is 
dispelled by acid-treatment does not mean that the anodic action 
may not in due course produce a new film. As Miiller has so neatly 
demonstrated, passivity does not set in during anodic treatment in 
sulphuric acid until the liquid layer next to the metal has become 
saturated with the metallic sulphate (or some other substance), 
which is seen separating out; when it is so saturated, the liquid 
has presumably lost its power to dissolve any oxide or other film 
which may be present on the metal. On the whole, Miiller’s new 
experimental results appear to support the view of anodic passivity 
developed by Hedges (J., 1928, 976). 


Summary. 


Breakdown of the protective film on iron, steel, zinc, or aluminium 
tends to occur where the surface has been bent or cut, or where 
rolling or casting defects occur at the surface; at these points local 
corrosion sets in, and usually spreads out, although where dissolved 
oxygen is in excess the weak point often heals up again and the 
corrosion does not develop. Pre-existing cavities may determine 
the sites of corrosion, as in zinc, their interiors being inaccessible 
to repairing oxygen; but this cannot be a common cause of localised 
attack, which can be obtained under anaerobic conditions if an 
external E.M.F. be applied. Internal stresses are important in 
determining corrosion if they are of such a character as to keep the 
film in a state of weakness. “ Differential aeration currents ” are 
due to the differences of potential existing between the places where 
the film is kept in repair by the presence of oxygen and those 
where it is not kept in repair; #.M.F.’s approaching 0-5 volt due 
to this cause have been measured, but the 4.M.F. falls off when4 
eurrent actually flows. The extension of breakdown, or the repait 
of the film, can be followed by potential changes. 


[Received, November 3rd, 1928.] 
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XVII.—The Mechanism of Corrosion. 
By Utick R. Evans. 


THE present paper describes a study of the corrosion of partly 
immersed specimens of zinc, iron, steel, aluminium, and copper in 
potassium chloride and sulphate solutions, with special reference to 
the thin films which give rise to interference colours in certain parts 
of the specimens. Hitherto these colours have been regarded as 
the result of direct oxidation of metal where the original film has 
been rendered pervious by cathodic or incipient anodic action; but 
the fact that the second-order colours are far brighter than the 
second-order “‘ temper colours ’’ produced by heating in air, suggests 
that they are really due to precipitated hydroxide, not anhydrous 
oxide. The films commonly found on the glass surface of vessels 
in which iron specimens have been corroded—although showing 
the ordinary rusty yellow colour of ferric hydroxide by scattered 
light—show similar bright high-order colours by regularly reflected 
light; these films on glass must be produced by precipitation or 
hydrolysis, and it appears probable that the colours formed on the 
metal itself are due to soluble iron salts diffusing through the 
original protective skin into a liquid containing excess of alkali, 
which precipitates the iron as a uniform film of hydroxide as it 
emerges. This view is supported by observations on copper and 
aluminium, where similar colours pass continuously into thicker, 
less uniform, deposits which are undoubtedly formed by interaction 
of soluble copper or aluminium salts with the cathodically formed 
alkali. The idea that the tints on iron are due to hydroxide was 
first suggested to the author by Professor Fearnsides. 

The colour sequence is always essentially the same as that observed 
in the case of silver iodide films on silver. The colours belonging 
to different ‘“ orders” may be distinguished by Roman numerals, 
thus: yellowish-brown I, reddish-mauve I, deep blue I, greenish- 
blue I, steely silver, (hiatus), yellow II, red II, blue II, green II, 
yellow ITI, red III, green III, red IV, green IV, red V. On zine 
and aluminium, partly owing to the transparent character of the 
film substance, the early colours are weak, for reasons given else- 
where (Chem. Ind., 1926, 45, 213). In general, the colours cannot 
be seen when the specimens are in the liquid, and a new procedure 
was therefore adopted. Numerous identical specimens, which had 
been simultaneously submitted to corrosion, were successively 
withdrawn, washed, dried, and examined microscopically. The 
series thus produced provided a narrative of the various changes, 
which revealed many facts previously overlooked. 
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Eight materials have been examined—electrolytic zinc, com. 
mercial zine, electrolytic iron (two varieties), steel (two varieties), 
aluminium, and copper—the analyses being given in the preceding 
paper. These were studied under numerous different surface con- 
ditions; the description “rolled surface” denotes the original 
rolled metal, washed with benzene and alcohol but not abraded, 
and the terms “coarsely ground,” “finely ground,” and “ very 
finely ground ” imply abrasion with emery paper No. 2 (Oakey), 
No. 1 (French), and No. 000 (French), respectively. Two liquids 
were employed, viz., M/10-potassium chloride and M/10-potassium 
sulphate. 

Qualitative Results. 

In the description of the qualitative work, the term “ partly 
immersed strips” is used to denote strips about 6 cms. long and 
2 ems. wide, placed in glass vessels at an angle of 70° and immersed 
to a depth of 4 cms., the four corners resting against the glass. 
Only a bare summary of the results obtained from several hundreds 
of specimens can be given. 

Zine.—Finely ground, very finely ground, or rolled specimens in 
M /10-potassium sulphate soon develop tiny white spots at “ weak 
points ” distributed in the manner indicated in a former paper, 
and from these spots descend narrow ribbons of adherent white 
matter; the whiteness (seen by scattered light) is most intense at 
the point of origin, indicating that the deposit is here thickest (the 
sequence of interference tints, when visible, confirms this). 

During the first 40 minutes after immersion, all this white matter 
is adherent ; no cloudiness is produced in the liquid. The cause is 
clear. Over an area of weakness, the film is virtually porous, and 
at each pore. the exposed zinc is anodic towards the oxidised 
neighbouring metal; the anodic and cathodic products, zine sul- 
phate and potassium hydroxide, thus appear side by side and 
interact so close to the metallic surface that the zinc hydroxide 
adheres to it. The deposit of zinc hydroxide will clearly not at 
first be of uniform thickness, and at low thicknesses, interference 
tints are not conspicuous, but as the deposit develops, the thickness 
naturally becomes more equal and the later tints can usually be 
seen, provided that the surface conditions be suitable; on very 
finely ground zinc, the earliest colours from yellowish-brown | 
upwards have been detected. The deposit of precipitated hydroxide 
shields the metal below from the repairing action of oxygen, thus 
assisting the corrosive action to spread, particularly in the direction 
of low oxygen concentration. Hence the whitened area extends 
downwards. But, clearly, when the adherent zinc hydroxide covers 
any considerable area, it will prevent any cathodic reaction on that 


‘ 
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area, since such a reaction requires oxygen; it is evident that the 
alkali must now come from the uncovered zinc outside the whitened 
area. Consequently there is produced along the borders of the 
white streak a membranous wall of zinc hydroxide, growing out- 
wards at right angles to the metallic surface and enclosing the white 
streak like the finger of a glove; simultaneously, the liquid begins 
to be cloudy, and finally a precipitate, formed by interaction of 
zinc sulphate and potassium hydroxide which have met far away 
from the. metallic surface, begins to settle to the bottom of the 
containing vessel. 

Outside the membranous wall of zinc hydroxide, alkali is now in 
excess. Any teakage of zinc sulphate through imperfections of the 
skin will here produce an adherent film accurately parallel to the 
metallic surface, which will therefore be less white by scattered 
light, but will show better interference tints by reflected light than 
the adherent deposit produced within the membranous wall. Thus 
we get a series of coloured bands running parallel to the membranous 
wall and just outside it, the colours indicating that the film is 
thickest next to the wall, and especially at the parts nearest to the 
original area of weakness. 

We must, therefore, distinguish four different types of zinc 
hydroxide, all produced by precipitation where zine sulphate and 
potassium hydroxide meet : 

Type A, produced when zinc sulphate and potassium hydroxide 
are formed at numerous points side by side on the metallic surface ; 
this is closely adherent, not removed by rubbing, very white (by 
scattered light), but showing only poor interference tints or none 
at all. 

Type B, produced when zinc sulphate and potassium hydroxide 
are formed over two separate areas; it constitutes a membranous 
wall at right angles to the metallic surface, following the junction 
of these areas; it adheres weakly to the metal, being easily rubbed 
off, and leaving simply a whitish line to show where the wall has 
been. 

Type C, produced when zine sulphate and potassium hydroxide 
meet far from the metallic surface; it is a flocculent precipitate, 
and sinks to the bottom of the vessel, or rests as a loose non- 
adherent blanket on the lower part of the specimen. 

Type D, produced when zinc sulphate oozes through a defective 
oxide skin into liquid containing potassium hydroxide in excess; 
it constitutes a very regular film, with good interference tints, and 
only showing whiteness when it reaches considerable thickness. 

The corrosion which commences simultaneously at numerous 
weak spots (especially on or near the cut edges) doubtless uses up 
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much dissolved oxygen at the cathodic areas; the repairing power 
is thus impaired, and so streaks of zinc hydroxide commence to 
descend from fresh points higher up; these streaks usually broaden 
as they descend. Also at the bottom of the specimen, where oxygen 
becomes completely exhausted, a continuous whitened region 
appears bounded by a horizontal upper boundary, which advances 
steadily upwards with the time. Within a day from the start, 
nearly the whole surface has become covered with zine hydroxide, 
with the exception of a narrow area near the water line; this is 
separated from the corroded area below by the sinuous “ mantle” 
formed by the union of the membranous fingers mentioned above: 
frequently the tops (domes) of the mantle touch the water level. 
In general, the greater part of the area below the mantle suffers 
corrosion in the later stages, being covered with a blanket of pre- 
cipitated zinc hydroxide which shuts off the supply of repairing 
oxygen. Samples of the pure zinc with a very finely ground surface 
show in the later stages microscopic grey points arranged along 
the abrasion lines; these are points where the zinc has been so 
much corroded that the original whitened surface has disappeared, 
and they become more and more frequent as the original areas of 
weakness are approached, becoming there practically continuous. 

The portion above the mantle constitutes the cathodic zone in 
the final stages, and suffers comparatively little corrosion. A series 
of little white points appears along the water line itself—a place 
where a protective film usually breaks down—but, doubtless owing 
to the good supply of repairing oxygen and of alkali, the amount 
of corrosion here is trivial. A small amount of adherent hydroxide 
is produced, the white points uniting in the later stages to form a 
continuous line along the water level, whilst colours spread down- 
wards from the water line as roughly horizontal bands, the sequence 
indicating that the film is thickest near the top, where blue I or 
even red II is commonly reached. A thin scum of membranous 
zine hydroxide is often seen floating on the water surface. 

In the later stages, the alkali produced plentifully over the main 
cathodic zone causes the liquid to creep up the surface above the 
water level, and at the top boundary of the area wetted by creepage 
further small quantities of zinc hydroxide are formed; between 
this and the water line the surface displays second- or third-order 
interference tints. 

Whilst on rolled zinc and even on finely ground zinc, corrosion 
commences at well-defined points, on coarsely ground zinc the pro- 
duction of zinc hydroxide is less severely localised, evidently owing 
to the larger number of weak points. Likewise, in U/ 10-potassium 
chloride solution, the corrosion product has a rather more diffuse 
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aspect than in sulphate solution; thus, finely ground specimens of 
the commercial zine in chloride solution somewhat resemble coarsely 
ground zine in sulphate solution. The corrosion extends less quickly 
than in a sulphate solution under the same conditions of surface, 
but seems to commence at a greater number of points. On finely- 
ground pure zinc, the final line of the mantle is invariably more 
sinuous in chloride than in sulphate liquids; the appearance sug- 
gests that many weak points which can become effective centres of 
corrosion in chloride solutions do not function as centres of attack 
if the larger (SO,’’) anions alone are present. Pure zinc gives more 
sharply defined white points than commercial zinc—possibly another 
sign that impurities aid the extension of the areas affected by the 
breakdown. 

The difference observed between the effect of chloride and sul- 
phate solution is in part due to the different flocculating powers of 
the two species of anions. A series of experiments was conducted 
in which M/10-potassium sulphate containing small quantities of 
alkali (§M/200) was added in varying amounts to M/10-potassium 
sulphate containing small quantities of zinc sulphate (JM /200); 
parallel experiments were carried out with M /10-potassium chloride 
solution. It was found that, for corresponding proportions, pre- 
cipitation of zinc hydroxide occurred far more quickly in the sul- 
phate than in the chloride liquid; in order to obtain the same rate 
of precipitation a smaller amount of alkali was needed in sulphate 
than in chloride—this is no doubt due to the fact that SO,” and 
OH’ ions have a far greater flocculating power than Cl’ ions. Evi- 
dently in a sulphate solution we may expect to find zine hydroxide 
produced close to the seat of corrosion, whilst in chloride solution 
the soluble zinc chloride will have to wander further into the 
alkaline region before yielding a precipitate. Thus even in the 
early stages, the corrosion product formed in the chloride solution 
is largely non-adherent ; at a weak point, instead of a dense adherent 
white spot, we get a somewhat gelatinous “ blob ”’ or (in the case 
of the pure zinc) a loop-shaped membranous wall of zinc hydroxide 
extending out at right angles to the metallic surface, and enclosing 
the point of attack on three sides. 

Aluminium.—The commencement of corrosion on aluminium is 
not unlike that on zinc, but since the oxide film is of a protective, 
self-healing character, the corrosion remains localised at points for 
a long time instead of becoming general. The attack develops 
more quickly in chloride than in sulphate solutions, although in 
both solutions it is very slow. In rolled specimens the corrosion 
product appears as an adherent white deposit at points along 
blemish-marks, and also at the edges and along the water line; on 





116 EVANS : THE MECHANISM OF CORROSION. 


abraded specimens there are numerous microscopic white points 
arranged on the groove-lines. The water-line attack is relatively 
more important on aluminium than on zinc; the fact that the 
corrosion over the lower part of the specimen is very slow must 
mean that the oxygen consumption is low; consequently there js 
not likely to be an appreciably higher oxygen concentration at the 
water line than elsewhere, and the special factor militating against 
water-line attack on zine is therefore inoperative in the case of 
aluminium. 

The corrosion product (aluminium hydroxide) remains adherent 
for much longer than in the case of zinc. In sulphate solution, 
practically the whole is still adherent after 4 days, the liquid being 
only very slightly cloudy; in chloride solution there is more cloudi- 
ness, and near the edges of coarsely abraded specimens, there is 
some fluffy aluminium hydroxide; after 15 days, there is much 
settled flocculent precipitate in chloride solutions, and some in 
sulphate solutions. 

On rolled specimens, the adherent corrosion product formed in 
the early stages constitutes such a uniform layer as to produce 
interference tints; these commence from the weak points as circles, 
usually somewhat elongated downwards, the most advanced tints 
being in the centre; above the first-order tints, the rings show dis- 
tinct white cloudiness, which is very intense in the centre; when 
held at the proper angle, the scattered light from the cloudy inner 
rings shows colours complementary to those seen by regularly 
reflected light (a: common optical phenomenon). One specimen 
taken out after 4 days in the sulphate solution displayed first-order 
yellow over the main part of its surface, although the yellow was 
so faint that it might have escaped notice but for the fact that it 
passed gradually into the higher colours. The second- and third- 
order colours visible under the microscope around the points of 
breakdown are very clear and beautiful; one specimen taken out 
after 7 days showed the entire sequence from yellowish-brown I to 
red V around one centre of breakdown. Near the water level the 
colour rings are very numerous and somewhat elongated in a 
horizontal direction, sometimes uniting to form bands of colour 
roughly parallel to the water line. 

It is interesting to correlate the results with those observed on 
zinc. On aluminium, hydroxide of flocculent type C is only pro- 
duced at a late stage, whilst the membranous type B is usually 
absent; this allows the two adherent types A and D to pass 
gradually into one another, instead of being sharply divided at the 
mantle line as in zinc. 

Iron.—The attack on iron commences in a similar manner t0 
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that on zine. Green points appear near the edges, also on rolling 
defects, and sometimes on abrasion marks, and spread downwards 
and to some extent sideways, producing arch-shaped green areas; 
at first the green deposit is adherent, as on zinc, but after a time 
a membranous wall (brown on the outside, green within) appears 
round the edge of each green area, and about the same time cloudi- 
ness appears in the solution, a green or brown precipitate finally 
settling to the bottom. Later, above the membranous wall, bright 
interference tints appear. Thus four types of corrosion products 
are obtained, analogous to the types A, B, C, and D obtained with 
zinc, but the question is complicated by the fact that the product 
varies from ferroso-ferric hydroxide (green) to ferric oxide (brown) 
(compare Scholten, Korrosion u. Metallschutz, 1928, 4, 73). 

The behaviour in chloride and sulphate solutions is much the 
same, but on steel H 28 there is a greater tendency for streaming 
to occur from central weak points in chloride solution, whilst in 
sulphate solution central streaming is seldom observed; the etched 
areas usually descend in graceful curves from points on the cut 
edges, whilst at the bottom regional corrosion commences with 
horizontal boundaries gradually moving upwards. The differences 
between chloride and sulphate solutions are no doubt due to the 
greater penetrating power of chlorine ions. On the whole, electro- 
lytic iron behaves like steel, but specimen E28 shows a greater 
tendency to the production of central points of streaming than 
steel H 28, which has a similar thickness; probably this is simply 
because the steel contains fewer rolling defects. On the other 
hand, ceteris paribus, there is a greater tendency for “ healing” to 
occur when impurities are absent. Thus within an hour of intro- 
duction into either sulphate or chloride solution, one series of strips 
of thin electrolytic iron (E26) showed streaming from certain 
surface defects; but corrosion from these points soon ceased to 
develop, and after 21 hours it was confined to a region at the bottom 
bounded by a straight horizontal line. 

Specimens when taken out always show the corrosion near the 
water line to be very slight; indeed it is usually impossible to detect 
the place at which the water level has been. As explained in dis- 
cussing aluminium, water-line attack only occurs where the corrosion 
is sow enough to leave the oxygen concentration almost uniform. 
This may occur, with iron, if corrosion is retarded by the presence 
of a film-repairer, such as potassium chromate, in the solution, or 
of chromium in the metal. 

Specimens of sand-blasted steel behaved somewhat differently 
ftom abraded steel. The sand blasting evidently produces a 
systematic distribution of weak points, and each becomes marked 
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by a little tuft of rust. A true mantle is always formed, separating 
a highly corroded area below from a very slightly corroded area 
above. The number of tufts of rust per unit area above the mantle 
is roughly the same as that below, but whereas those below the 
mantle almost join to form a continuous blanket, those above are 
of microscopic dimensions. The case is interesting, since it displays 
superimposition of two effects—those of (1) the original mechanical 
treatment, and (2) the distribution of oxygen in the liquid. 

Copper.—The oxide film on copper is less protective than that 
present on most other metals; when this is remembered, the 
observations made on the corrosion of copper in chloride and 
sulphate solutions fall into line with those on zinc, iron, and 
aluminium. The behaviour varies greatly with the abrasive treat- 
ment used, as was shown by parallel experiments with abrasives 
of six different degrees of coarseness. 

Very finely ground samples of copper placed in potassium chloride 
solution soon develop sharply-defined brown points, situated mainly 
near the edges and bottom; those situated in the centre spread 
out in all directions, but most rapidly downwards, producing little 
oval areas; the dark matter on these areas is adherent, and speci- 
mens taken out at intervals reveal a series of rich but dark inter- 
ference tints, the colours indicating that the film is thickest near 
the point of origin; corrosion from weak spots near the edge extends 
inwards as horizontal streaks following the principal grinding diree- 
tion, and these also pass through colour changes in the usual 
sequence. The colours gradually spread until they cover the 
greater part of the submerged surface; there is no membranous 
corrosion product, and, as in aluminium, there is a gradual transition 
from deposits of type A into type D. On the more coarsely ground 
specimens, dark matter appears as larger irregular patches, with 
boundaries related to the grinding direction, but rather vaguely 
defined; this material is somewhat more loosely adherent and 
discontinuous; the dark patches are surrounded by a paler zone 
of brownish deposit which exhibits variations of tint probably 
produced by interference ; presumably this corresponds to the type D 
deposit on zinc, whilst the dark material corresponds to the type A 
deposit. The pale brown zones spread rapidly over the whole 
surface, followed by the darker areas, which, in the more coarsely 
ground specimens in potassium chloride solution, often cover the 
whole immersed area after 21 hours, apart from a narrow band at 
the water line. Examination of specimens taken out from chloride 
solutions has shown that two constituents are present in the adherent 
deposit, one black and quickly dissolved by very dilute hydrochloric 
acid, the other red and less quickly dissolved. Presumably these 
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are respectively cupric and cuprous oxide. Probably the immediate 
products of corrosion are cuprous chloride and potassium hydroxide, 
and the former, being sparingly soluble, is acted on by the alkali 
in situ, yielding cuprous oxide, or where oxygen is present in excess, 
cupric oxide. A certain amount of white cuprous chloride can 
still be seen in the deposit. 

After 3 days a new phenomenon sets in. The dark areas covered 
with the ““ Type A” deposit begin to develop a greenish substance 
upon the dark oxide layer, whilst the liquid becomes cloudy, and 
finally greenish-grey matter settles to the bottom of the vessel. 
The green matter appears to be mainly basic cupric chloride, and 
is probably produced by the action of dissolved oxygen on the 
cuprous chloride according to the reactions suggested by Bengough 
and May (J. Inst. Metals, 1924, 32, 115). About the same time, 
breakdown of the protective film occurs along the water level, 
where a green line of corrosion product gradually develops, which 
easily rubs off, revealing bright copper sensibly corroded. The 
water-line corrosion is most serious on the coarsely ground speci- 
mens, but the formation of green matter on the lower part of the 
surface, and on the bottom of the vessel, is most rapid on finely 
abraded specimens. 

In potassium sulphate solution, the early phenomena are some- 
what similar, but the dark deposit extends less quickly over the 
surface, and in general shows less brilliant colours. In the later 
stages the deposit appears to contain a greater proportion of the 
black and less of the red constituent than the deposits formed in 
chloride solution. Probably the primary products are cuprous 
sulphate and potassium hydroxide, but the former no doubt begins 
to decompose before interacting with the alkali, thus accounting 
for the usually rather “dirty ” character of the deposit, and the 
higher ratio of cupric to cuprous oxide; the deposit has a whitish 
appearance when held in certain lights, and this may conceivably 
be due to small amounts of surviving cuprous sulphate. In con- 
trast with chloride solution, there is even after 30 days no appre- 
ciable cloudiness or settled deposit in the vessel, but slight water- 
line corrosion occurs on the coarsely abraded specimens. 


Quantitative Results. 


In the quantitative work, the strips were clamped at the dry 
part above the water line so that they stood vertically and in a 
central position in beakers 9 cms. high and 4 cms. in diameter; 
the metal did not touch the glass (or any solid) anywhere on the 
immersed area, and except in series B, the specimens were abraded 
4 hours before the experiment with No. 1 (French) emery, and 
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were washed with alcohol, ether, and benzene before being weighed. 
The glass beakers were themselves placed in a closed copper box 
sunk in a thermostat bath, and fed continuously with a stream of 
purified air (or oxygen in sub-series Al). To prevent the otherwise 
serious loss of heat by radiation from the copper lid, this was covered 
with asbestos (separated from the copper by a narrow air space), 
and the whole thermostat, which was electrically stirred, controlled, 
and heated, was placed in a cupboard with asbestos lining. The 
last of the 9 vessels comprising the purification train was also placed 
in the cupboard (the temperature of which differed by only a 
few degrees from the bath itself), and from this the air passed through 
a metal coil placed in the bath before it entered the box; it emerged 
from the box through a water trap. 

Every experiment was carried out in duplicate. Each point on 
the curves shown in Fig. 1 depends on a different pair of specimens, 
and thus the curves are fairly representative of the whole material, 
and not of asingle piece. (In the oxygen-absorption method, where 
the complete curve is derived from a single specimen, the points 
necessarily fall better on a single curve, but it does not follow that 
the same curve would be given by other specimens.) The agreement 
between duplicates is often rather poor in the early stages, better 
in the middle, and extremely poor in the final stages ; in the middle 
stages the variation from the mean is similar to that obtained by 
Bengough, Stuart, and Lee (Proc. Roy. Soc., 1927, A, 116, 425), 
who measured the oxygen absorption during the corrosion of hori- 
zontal specimens, but in the later stages the reproducibility is very 
much worse than that obtained by these authors, whose method is 
greatly to be preferred for obtaining equations connecting corrosion 
and time. Specimens cut from certain portions of the steel sheet 
were found to corrode perceptibly more quickly than those taken 
from other regions. For that reason, specimens to be compared 
within a single series were taken, as far as possible, from contiguous 
portions. In this respect Series A and B are not strictly comparable 
to Series ©. 

In spite of the valid objections to the partial-immersion method, 
there are several reasons why the corrosion of partly immersed 
specimens is specially worthy of quantitative study. (1) Nearly all 
the conditions which cause serious corrosion in practice are water- 
line conditions (the margin of drops may be included within the 
term “ water line ’’). %2) The method ensures a free supply of 
oxygen to the metal at the water line, and thus it is possible to 
avoid the unsatisfactory conditions (met with in much of the early 
work on completely immersed metallic specimens) where several 
materials, capable of corroding at different rates under conditions 
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of excess of free oxygen, actually have been found to corrode with 
the same velocity, this velocity being imposed by the limited rate 
of supply of dissolved oxygen. (3) If the specimens are clamped 
above the water line, the disturbing influence of differential aeration 
around the point of support is avoided. (4) In vertical specimens, 
the corrosion—although starting locally—usually soon spreads and 
becomes fairly general; with horizontal specimens, the same 
spreading occurs, but more gradually. (5) The insoluble corrosion 
product in vertical specimens is largely precipitated in a non- 
adherent form, easily removed by wiping; there are no pits to 
retain the product; in the case of iron and steel, the error. caused 
by the small amount of corrosion product not removable by wiping 
is probably less than the weighing error. 

In the case of zinc, however, the error due to closely adherent 
matter is still appreciable, for specimens which had been corroded 
for 24 hours, if rubbed with very fine emery paper until the adherent 
white matter was removed, lost additional weight; undoubtedly 
this loss was partly due to the grinding away of metallic zinc, as 
well as of corrosion product, but the results suggested that the true 
corrosion loss was distinctly higher (by about 10%) than the loss 
of weight would suggest. In the 70-hour experiments, the creepage 
of the cathodically formed alkali above the water line caused the 
presence of a very large amount of closely adherent corrosion 
product, so that here the figures for the decrease in weight are 
valueless as a measure of corrosion. It is likely that the 48-hours 
results with zinc were slightly vitiated by the same cause. It may 
be added that experiments extending over several weeks again 
show a reduction in the error due to adherent product; only a 
limited amount of corrosion product can adhere, and this becomes 
continuously less important as the total corrosion increases; the 
agreement between duplicates also becomes better again, as shown 
in previous work. 

When aluminium was investigated, the error due to adherent 
matter became so serious that in the early stages the change in 
weight entirely failed to represent the corrosion. Both in sulphate 
and chloride solution the alteration in weight was small: in all 
experiments up to 48 hours, it was less than 1 mg. The corrosion 
product formed on specimens exposed for short periods (4—14 
hours) was such that it was nearly entirely removed on wiping, 
and consequently the specimens lost weight; but on longer exposure 
to the corrosive medium (48 hours), the product underwent a 
change (probably the well-known “ageing” of hydroxides) and 
became tightly adherent, so that the specimens even after wiping 
were found to have gained weight. Experiments (not carried out 
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in a thermostat) extending over several weeks indicated that on 
long immersion a large amount of loose precipitate of type C was 
formed, and consequently specimens lost weight again. It is 
evident that here no conclusions can be drawn from the alterations 
in weight. The qualitative inspection of specimens, however, makes 
it quite certain that the corrosion of aluminium is very slow com. 
pared to that of zinc and iron. In considering the change in 
aluminium hydroxide, it is interesting to recall that a change in the 
physical properties of iron rust occurs on storage (Aston, T'rans. 
Amer. Electrochem. Soc., 1916, 29, 449), whilst the oxide film pro. 
duced on aluminium by exposure to air at high temperature also 
undergoes a spontaneous change very suddenly, becoming imper. 
vious to oxygen (Pilling and Bedworth, J. Inst. Metals, 1923, 29, 
573). 

The results of the quantitative experiments are given in the 
tables below; the data of Series C are plotted as curves in Fig. 1; 
the 70-hour experiments are omitted for reason given above. 


Series A. 
Effects of shape of electrode in (1) oxygen and (2) air. 


(All electrodes were cut from steel H 28 and finely abraded. Experiments 
were conducted for 22 hours at 25-0°.) 


Breadth of Depth of Loss of weight, mg. 
specimen, immersed ; ’ 
ems. portion, cms. Solution. (1). (2). 
1-2 3-0 M/10-KCl. 32} 95 38} 3-9 
~ 14-7) 16. 5-6). 
2-4 2-0 15.5} 25° 5.8 yo 
2-4 3-0 163 16-5 ot }o-9 
2-4 4-0 19°63 17-0 vl ie 
2-4 3-0 M/20-KCl. —_} 3°33 16-0 66) 6.1 





Series B. 
Effect of abrasive treatment. 
(All specimens were cut from electrolytic iron, E 28, ground with different 


grades of French emery, and corroded for 8 hours at 25-5°. Immersed 
area = 2-5 x 2-5 cms. in each case. Liquid, M/10-K,SO,.) 


Loss of weight, Loss of weight, Loss of weight, 


Grade. mg. Grade mg. Grade. 
3-0 3-1 
000 3.0} 3°0 0 5.7} 2°9 2 
2-8) 5, 2B) o. 
3.1329 : 3.7} 26 3 
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Series C. 
Effect of time of immersion. 
Temp. 25-0° + 0-1°.) 
Electrolytic zinc. 


EVANS: 


(Immersed area, 2-5 x 2-5 cms. 
Electrolytic iron, E 28. 


Time, hrs. 
} 0-4) . . 
1-5 OTs 0-5 


ep 1-1 


a9} 20 
eat 3:3 
io} #8 


91) 
gos 86 


13-0) 10. 
14-13 135 


Time, hrs. 
15 ot 0°6 
Lo} 10 

£3) 20 

36} 36 

3) ay 

115105 


18-4 
16.8} 17°6 


M/10-KCl. 


M/10-KCl. 


M/10-K,SO,. 


0-9 
0-6 
0-9 
1-1 
1:5) 1. 
215 18 


1 
=} 3-1 
8 
9 

9-4 
10-3 
141 
13-1 


0-7 
1-0 


4-8 


3- 
3- 
4- 
4- 


9-8 
}13-6 


M/10-KCl. 


1-6) 4. 
1-35 V4 
31 

3.93 3-1 
65) .- 
6-63 oo 
9:8) oc 
9.3} 98 
15-0) .- - 
16-4} 157 
29:2) on « 
26.5327°8 
34-6 * 

35-0 * 


Steel, H 28. 


M/10-NaCl. 


33) 07 
2. 4 2-0 


8) 46 
2213 


14-4)... 
16.6} 15° 


M/10-K,S0O, . 


06} 09 


13} 1 
s ‘ay 23 
sey 35 
3} 6-7 
ie 


18-4) ar. 
16.8} 17°6 


M/10-K.SO,. 
1-2 
a1} 16 
2-5) 
9.5 26 
a) 6-1 
9:7 
9-0} #3 
15-2 
15.3} 155 
$4 25-6 
16-6 * 
21-0 * 
M/10-MgSO,. 
0-4 
0.4} o4 


0.6306 


rghtl 
3.0330 


* Results valueless owing to adherent matter (see p. 121). 


Discussion of Quantitative Results. 


The experiments of Series A show that corrosion occurs more 
than twice as rapidly in oxygen as in air; since, however, the 
specimens of sub-series (1) were necessarily exposed to air while 
hing placed in position, the ratio found for the two velocities 
cannot be regarded as exact. The initial disturbance of the oxygen- 
exposed specimens lasted for not more than 5% of the total time, 
but it was decided to adopt air as the gaseous medium for the 
Series Band C. The effect of replacing air by oxygen is not only 
to increase the rate of corrosion, but also to restrict the corroded 
wea to strips running along the bottom portion and the two edges. 
This is an additional proof that the direct result of oxygen is the 
rmation of a protective film, and attack only occurs at places 
where the oxygen concentration is so low that it fails to keep the 
wotective film in repair. The replacement of air by oxygen 
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multiplied the total corrosion by an amount varying from 2:4 to 2.6 
in the different experiments; but owing to the greater localisation 
of attack, the intensity of corrosion (the corrosion per unit area of 
the part affected) was in ‘several cases increased as much as 
7 times. 

The experiments of Series A also show that the effect of doubling 
the breadth of the specimens is nearly to double the corrosion, but 
the alternative method of increasing the immersed area, viz., by 
wa. fi prolonging the depth of the 

wr: immersed portion, has much 
Sram Temperature, 26-6" less effect. The effect of 
halving the concentration of 
potassium chloride is only 
slight. 

The experiments of Series 
B were suggested by the 
qualitative observation that 
corrosion became visible 
earlier on finely ground than 
on coarsely ground speci- 
mens; these observations 
made it seem probable that 
whilst local abrasion of a 
violent character increases 
corrosion of the part affected, 
violent abrasion of the whole 
surface somewhat retards 

Electroly attack by providing an un- 

: due number of weak points. 

The results of Series B 

i Stee! in M8 showed, however, that even 

5 0% DS 32, after only 8 hours the effect 

of the character of abrasion 

had become trivial, although there appears to be a slight decrease 
of attack on passing from extremely fine to coarse abrasive. 

Series C represents the main group of experiments, where the 
time of immersion was altered, the immersed area being kept 
constant. The data, plotted in Fig. 1, show that zine is corroded 
much more rapidly than iron. On the other hand, steel gives 
curves almost parallel, in the early part, to those obtained with 
electrolytic iron. With zinc, steel, and electrolytic iron, potassium 
chloride yields curves nearly parallel to those obtained with potass- 
ium sulphate; sodium chloride—in spite of rather irregular results 
in the later stages—appears to cause an initial velocity of corrosion 


LOSS OF WEIGHT ——> 


Electro! 
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similar to, potassium chloride, but magnesium sulphate produces 
very much slower attack than potassium sulphate. 

The interpretation of the experimental results is simple. The 
maximum available #.M.F.. is that of the cells ironjoxygen. or 
zincjoxygen, but this will be in practice reduced by (a) anodic 
polarisation, (b) cathodic polarisation, and (c) fall of potential across 
the liquid. Where the conductivity of the liquid is very low, the 
factor (c) may be important, and here the conductivity may be 
the main factor in determining the rate of corrosion, as was found 
by Bengough, Stuart, and Lee for very dilute solutions in exceed- 
ingly pure water. For concentrated solutions, however, the. fall 
of potential due to the resistance must certainly be very small, 
and the conductivity of the liquid, as such, will hardly affect the 
corrosion velocity ; thus it is not surprising to find that the corrosion 
velocity is scarcely altered on passing from M /20- to M /10-potassium 
chloride. Probably on aluminium, where, owing to the self-healing 
character of the oxide skin, the anodic areas remain very small, 
the rate of corrosion is controlled mainly by factor (a); but on 
iron and zinc, where the anodic areas spread out over nearly the 
whole surface with great rapidity, it will be factor (b) which will 
determine the current passing between anodic and cathodic portions, 
ie., the rate of attack. The cathodic polarisation largely depends 
on the supply of oxygen (the “‘ depolariser *’) to the portions border- 
ing the water line. Thus pure oxygen causes more rapid corrosion 
than air, and the effect of doubling the breadth of the specimen is 
nearly to double the attack (it is not quite doubled, since there are 
exceptional opportunities for diffusion at the two ends of the water 
line). On the other hand, an increase of the vertical dimensions of 
the immersed area will not greatly affect the supply of oxygen, 
although it will increase the potential anodic area; thus the effect 
on the corrosion velocity is much less important. There is no 
reason why changing from potassium chloride to sodium chloride 
or to potassium sulphate should seriously affect the cathodic polar- 
isation, and these changes hardly affect the corrosion velocity in 
the early stages, but the use of magnesium sulphate involves the 
deposition of a layer of sparingly soluble magnesium hydroxide 
over the cathodic region (clearly visible when the specimens are 
withdrawn), and this interferes with the diffusion of oxygen to the 
metallic surface, thus greatly retarding the attack. 

There is no special reason why the presence of carbide in the 
metal should seriously affect the cathodic polarisation, and thus, 
in the early stages, steel corrodes with nearly the same velocity as 
iron. On the other hand, zine corrodes with an entirely different 
velocity from iron, since here the basic value of the (unpolarised) 
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E.M.F. is different, and consequently, given the same facilities for 
oxygen supply, the value of the current under polarisation con. 
ditions will be different for the two metals. Thus the partial. 
immersion method is capable of demonstrating differences between 
the corrosion resistance of different materials where such a difference 
exists, thus differing entirely from the total-immersion method, 
where—at great depths—the oxygen-supply rate might impress the 
same velocity of corrosion on different metals. 

In stating that steel corrodes at approximately the same rate as 
electrolytic iron, it must be added that this applies only to con- 
ditions of differential aeration, where an L.M.F. may be developed 
quite independently of the existence of a second phase in the metal. 
Under conditions of uniform aeration, the state of affairs is different. 
It was shown by the author (“ Corrosion of Metals,” 1926, p. 108) 
that, when discs of electrolytic iron were whirled in ordinary distilled 
water containing oxygen, practically no rusting occurred, although 
discs of steel whirled in the same water rapidly became rusty; 
where differential aeration currents are excluded, the #.M.F. 
between iron and carbide particles probably becomes important. 

The fact that on ordinary iron and steel, chlorides and sulphates 
produce in the early stages approximately the same rate of corrosion, 
agrees with the results of former work with the drop method (J. Soc. 
Chem. Ind., 1924, 43, 3157). It is, of course, in contrast with the 
state of affairs met with in those materials where—owing to the 
highly protective quality of the oxide skin—the anodic areas remain 
small and the velocity is controlled by the anodic polarisation. 
Such an example is afforded by aluminium, where the penetrating 
chlorine ions produce much more rapid corrosion than sulphate 
ions, as is indicated by the long-period tests of Jablonski (Korrosion 
u. Metallschutz, 1926, 2, 218). 

In the later stages of corrosion, various complicating factors 
enter. The anodic area creeps up close to the water line, and the 
corrosion product begins to interfere ‘perceptibly with access of 
oxygen to the metallic surface. Again, in some cases physical 
changes in the corrosion product may set in, increasing the error 
due to the matter which continues to adhere after wiping. Both 
these factors will tend to diminish the loss in weight. At the 
same time, other factors arise which tend to increase the rate of 
attack; for instance, alkali creeps up the surface above the water 
line, enlarging the potential cathodic area, at the expense, however, 
of increased circuit resistance. It would appear that the first set 
of factors predominates in the case of zinc, whilst in steel the second 
set is important, although the last part of the curve cannot be said 
to be definitely known, owing to lack of reproducibility. In any 
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case the change of weight measured in the later stages, although 
of technical importance, ceases to have any simple scientific 
significance. 

It is to be noticed that in the early stages, where the anodic 
areas are small and anodic polarisation must be of perceptible 
influence, complete agreement between duplicates is not to be 
expected, since the number and distribution of weak points will 
vary from one specimen to another; actually at this early stage 
the divergence between the values given by duplicates often exceeds 
the balance error. Later, when the anodic areas grow, and cathodic 
polarisation controls the velocity, the agreement between duplicates 
in most cases becomes quite good. Moreover, almost the same 
results are given by different salts (potassium chloride and sulphate) 
and by different materials (electrolytic iron and steel); this fact is 
the more remarkable when we recall that the shapes, distribution, 
and aggregate areas of the anodic regions are utterly different in 
the various cases mentioned (for instance, the boundary of the 
anodic area is far more sinuous in chloride than in sulphate solu- 
tions). But when corrosion begins to develop from points close 
to the water line, the shutting off of oxygen may be different for the 
duplicate specimens, according to the chance disposition of the 
weak points relatively to the water line. Thus the agreement 
between duplicates becomes exceedingly poor. 

Considering the question of reproducibility generally, it would 
seem that good agreement between duplicates may only be expected 
in certain circumstances, viz., when the determining factor is some 
external condition which can be controlled ; for instance, where it is 
determined by the supply of oxygen to an area which is clear of 
corrosion product, or where—as in Bengough’s work on very dilute 
chloride solutions—it is determined by the concentration of chlorine 
ions. Reproducibility is definitely not to be expected, however, 
when the velocity is controlled by the chance distribution and sizes 
of a limited number of small anodic areas (weak spots). That the 
variation is not due to experimental error is proved by Bengough’s 
work; here, in spite of extreme precautions, in a typical case the 
variation from the mean in two parallel experiments ranged from 
17 to 6-7%. The difference of reproducibility under different 
conditions is also illustrated by the author’s early work with the 
drop method (J. Soc. Chem. Ind., 1924, 43, 3157): four drops of 
V/10-potassium chloride, at 29-2°, gave practically the same amount 
of corrosion in 5-5 hours (viz., 0-65, 0-65, 0-66, and 0-66 mg.), but 
in 48-7 hours the reproducibility had become poor (3-50, 2-57, 3-25, 
and 5-12 mg.), although clearly the effect of analytical error and 
initial disturbances (and indeed all experimental errors) must be 
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less serious in the longer experiments. Drops of potassium sulphate 
and nitrate gave similar results, but salts which can only succeed 
in penetrating exceptionally “weak” points showed far greater 
divergence between duplicates. Thus one drop of M/30-sodium 
phosphate produced 0-65 mg. of corrosion in 24 hours at 29-2°, 
whilst another drop of the same solution under identical conditions 
produced only 0-005 mg.; evidently the first drop happened to 
develop a weak spot, whilst the other did not. Many authorities 
appear to think that the study of “ unreproducible phenomena” 
is unworthy of scientific attention. Where the divergence between 
duplicates is due to experimental error or lack of proper control 
this view is correct; but where the divergence is due to other 
causes, such an attitude is untenable. Clearly, however, it will be 
necessary, in studying cases (like corrosion by sodium phosphate) 
where results show variations over a wide range, to perform perhaps 
10 or 20 repetitions of each experiment, and to use larger areas 
than are permitted by the drop method. The method described 
in this paper allows 15 experiments, each on an immersed area of 
2-5 x 2-5 ems., to be performed simultaneously in a thermostat of 
ordinary laboratory size, and may prove useful for extending the 
work to such cases. 
Summary. 

The corrosion of half-immersed specimens of zinc, aluminium, 
iron, steel, and copper commences at certain weak points, mainly 
along the bottom and cut edges, but frequently in the centre also; 
in those cases where the rate of corrosion is very slow, it may 
occur along the water line. In zinc, iron, and steel in chloride or 
sulphate solutions, the attack spreads out from these points very 
rapidly, the greater part of the immersed area being finally attacked; 
the insoluble corrosion product is of four different types, which 
appear according to the manner in which the anodic and the cathedic 
products come together; in copper and aluminium one of these 
types is usually absent, but otherwise there is general correlation 
between the results with zinc, iron, and steel. 

Quantitative experiments show that under conditions of differ- 
ential aeration, electrolytic iron is attacked nearly as rapidly as 
steel, and potassium sulphate and potassium chloride cause similar 
rates of corrosion, notwithstanding that the shapes of the corroded 
area are quite different; magnesium sulphate causes much slower 
attack. Zinc is attacked more quickly than iron, and aluminium 
much more slowly. Oxygen produces quicker attack on steel than 
air, but the attack is restricted to a smaller portion of the specimens; 
doubling the breadth of half-immersed specimens nearly doubles 
the rate of attack, but increase of the length of the immersed area 
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has much less effect. All these results are understood if it is remem- 
bered that the corrosion current flowing between the cathodic and 
the anodic areas will depend on the #.M.F. of the cell metalloxygen 
greatly reduced by polarisation. With aluminium, where the film 
repairs itself readily and the anodic areas remain small, the anodic 
polarisation will be most important, but with zinc, iron, and steel, 
the cathodic polarisation, which depends on the supply of oxygen, 
will determine the rate of attack; iron is corroded less quickly by 
magnesium sulphate than by potassium sulphate, since the cathodic 
product, magnesium hydroxide, interferes with the access of oxygen 
to the metal; zinc is corroded more quickly than iron—even with 
the same facilities of oxygen supply—because here the value of the 
wpolarised #.M.F. is higher. 
[Received, November 3rd, 1928.] 





XVIII.—The Partial Esterification of Polyhydric 
Alcohols. Part VII. The Unreliability of Proofs 
of the Structure of Disubstituted Glycerols. 


By ARTHUR FAIRBOURNE and GEOFFREY WILSON CowDREY. 


Ir was previously shown (Part V, J., 1926, 3148; Ann. Reports, 
1927, 90) that the alleged structures of “‘ 8 ’’-monoglycerides were 
untrustworthy. 

Several “ «8 ”-disubstituted glycerols have now been prepared, 
and found identical with their ‘“ «y ’’-isomerides. 

Philippi and Seka (Annalen, 1923, 433, 88) obtained the “ « ”’-di- 
phthalimido-derivative from «$-dibromohydrin and converted it 
into a diamine apparently identical with the necessarily unsym- 
metrical or «§-diamine resolved by Abderhalden and Eichwald 
(Ber., 1916, 49, 2095), and also into other derivatives showing 
independent evidence of structure. 

The present authors have repeated this preparation, and have 
shown by the mixed melting point method that the product 
is identical with the “«wy”-isomeride as prepared by Gabriel 
(Ber., 1889, 22, 224. Compare also Gédeckmeyer, Ber., 1888, 21, 
2684). 


CHC! 0H,X  0H,X OH,Cl 
(H —» — —> CHX  OH-OH <— QH-OH . (A) 


(H,-OH 


(x = N<CO>C.H.) Identical 
F 


H,OH CH,OH CH,X CH,Cl 


7 
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Their monoacetates have also been independently prepared and 


found identical. 
OH, a 


a al a =a ra pang Cl, OH,Cl 
--> CHBr—> CHBr—> (HX — GH-OAc \\OH-OH ¢ 

ter ‘OH CH,OH CH,*OAc CH,-OAc CH,X x_9H,X Pa CH,CI 

OH: OH 

CH,X 


The corresponding benzoates have similarly been synthesised, each 
by methods often regarded as sufficient proofs of structure, and 
they too are identical. 

CH, CH,Br OH,Br H,X CH,X CH,X CH,Cl 
CH -> CHBr > CHBr > CHX CH:OBz <-CH-OH <-CH-0H (( 
SH,°OH CH,°OH CH,°OBz CH,-OBz CH,X CH,X CH,Cl 


Identical 





Identical 


On the other hand, different dibromohydrin p-nitrobenzoates have 
been obtained (Part V, loc. cit.). 
CH, CH,Br CH,Br CH,Br CH,Br 

H —> CHBr —> CHBr CH-OY <—CH‘OH . . (D) 
CH, CH,°OH H,,OY CH,Br CH,Br 


(Y = -CO-C,H,-NO,.) Not identical 





A similar series of syntheses has now also produced different 
dibromohydrin palmitates, but these react to produce identical 
di-p-nitrobenzoates. 


CH, CH,Br OH,Br (H,Br OH,Br 
‘H —»OCHBr—->CHBr (H-OPa <— CH-OH 
CH,OH CH,OH CH,OPa CH,Br CH,Br 


Not identical 
| 





Y 
CH, H,OY OH,OY 
CH HOY CH-OPa 
CH,"OPa CH,°OPa CH,°OY 
(Pa = -CO-C,;Hs;-) Identical 

The isolation of the two different dibromohydrin p-nitrobenzoates 
and palmitates, and of two corresponding dichlorohydrin p-nitro- 
benzoates (Conant and Quale, J. Amer. Chem. Soc., 1923, 45, 2771), 


serves incidentally to confirm the structures of the dibromohydrins 
and dichlorohydrins used as the initial materials. 





trists 
by ] 
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Several similar cases of structural confusion in compounds of 
the glycerol type occur in the literature, and various explanations 
have been put forward to account for them. For instance, Gabriel 
and Ohle (Ber., 1917, 50, 804) found that 8-chloro-n-propy] alcohol 
was converted into phthalimidoisopropyl alcohol (F) by potassium 
phthalimide, and that the acetate (G) behaved similarly. 

OH, GH, 
CHCl — > (CH-OH (or OAc). . (F), (G) 
CH,°OH (or OAc) CH,X 


They suggest that these results may be due to the formation of 
propylene oxide through loss of hydrogen chloride, either during 
the reaction in case (F), or previously, with the production of an 
impure initial material, in case (G). Their explanation can easily 
be extended to apply to the partial substitutions of glycerol by 
regarding epichlorohydrin as the corresponding ethylene oxide 
(compare Gédeckmeyer, Joc. cit.), an hypothesis put forward 
by Boyd (J., 1901, 79, 1221) to account for his obtaining identical 
diphenyl ethers from «$-dibromohydrin and «y-dichlorohydrin. 


CH CH,Br QH,OPh CH,OPh  (H,Cl 
CH —> CHBr—>CH-OPh CH-OH <—CH-OH. . (H) 
(HOH CH,OH CH,OH CH,OPh  CH,Cl 


Identical 

On the other hand, the hypothesis cannot explain, for example, 
the formation of the identical p-nitrobenzoates in (E). 

Moreover, Fischer (Ber., 1920, 53, 1621) has studied reactions 
where this explanation seems untenable. “ «$ ’’-Diacyliodohydrins 
were found to be convenient initial materials for the preparation 
of “wy ’’-compounds. ‘Triglycerides were then synthesised from 
these. 

CH,OH CH,OZ CH,OZ (CH,0Z CH,0Z CH,’OH 
CH-OH > CH-OZ > CH:OZ > CH-OZ sre < CH-OH (1) 
CH,I CH,I CH,,OH CH,°0Z’ 2°OZ’ CH,°0Z’ 

(4 = -COR; Z’ = -COR’.) Not identical 
He thought that conversion probably occurred during the removal 
of the iodine, and involved the formation of a complex intermediate 
of the ortho-ester type—a suggestion not dissimilar from that of 
Griin (Ber., 1921, 54, 290), who held that both the wandering of 
acyl groups in glycerides generally and also the curious phenomenon 
of double melting points shown by certain glycerides, including 
tristearin, are due to the two forms of the carboxyl group identified 
by Hantzsch (Ber., 1917, 50, 1422). It is noteworthy in this 
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connexion that the two solvents which cause alternation of melting 
point of glyceryl tribenzoate (J., 1925, 127, 2759) are actually 
those by which Hantzsch obtained different absorption spectra. 

Nevertheless, no such explanation can account for (A) and (F) 
above, or for (J), (K), and (M) below. 

Gilchrist and Purves (J., 1925, 127, 2735) prepared the “«”. 
monomethyl ether and the “ «8 ’’-dimethyl ether of glycerol, and 
proved identity in each case with the supposed isomeride by methods 
other than that of ‘‘ mixed melting point.” 


CH,OMe ,, JH,OMe QH,OMe CH,OH 9H,Cl 7H, CI 
CH- Some ie > CH-OH (QH-OMe <CH-OMe < CH-OH (j 
Gr CH,OH CH,OH CH,Cl  CH,Cl 


Identical 


CH, H,Br (H,-OMe CH,-OMe (CH,Cl 
‘H —_ HBr —> CH-OMe (CH-OH <— CH-OH. . (Kk) 
CH,OH CH,-OH CH,OH CH,°OMe CH,Cl 


Identical 








Their suggestion that the conversions might be due to unsatisfactory 
ay-dichlorohydrin is negatived by the experiment of Conant and 
Quale (loc. cit.). 

Two exactly similar cases to (J), but each involving esters instead 
of ethers, were recorded previously (Part V, loc. cit.), and it may be 
added that no water was introduced during the reactions. 


OH,OH OH,0-COR CH,-OH OH,Cl 
CH-O\ (ye, —> GH-OH CH-O-COR <—OH-OH . (L) 
CH,*O CH,OH  CH,-OH CH,C! 


Identical 





Allyl alcohol, which enters directly or indirectly into most of 
the synthetic proofs of “a ”-disubstitution (compare the above 
reactions; J., 1921, 119, 1035; 1926, 3146; Part V, loc. cit.; and 
also particularly Irvine, Soutar, and Macdonald, J., 1915, 107, 
337; Fischer, Bergmann, and Barwind, Ber., 1920, 53, 1589: 
Fischer and Pfahler, ibid., p. 1606), can itself be produced from 
ay-dichlorohydrin by means of sodium (Lourenco, Ann. Chim., 
1863, 67, 323) (M), and its acetate may be produced in a similar 
way (Bigot, ibid., 1891, 22, 433) (N). 


OH,Cl CH, 
'H-OH (or OAc) —> CH (M), () 
H,Cl CH,-OH (or OAc) 
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2-Dibromohydrin reacts similarly with sodium (Aschan, Ber., 1890, 
23, 1831). 

No explanation, common to all these very similar conversions, 
having been advanced, it is considered that the only absolute proof 
of unsymmetrical structure in disubstituted glycerols is resolution 
into optically active forms (Abderhalden and Eichwald, Ber., 1914, 
47, 1856, 2880; 1915, 48, 1847; loc. cit.; Bergmann and co-workers, 
Ber., 1921, 54, 936; Z. physiol. Chem., 1924, 137, 27, 47); and 
that even this proof cannot normally be regarded as extending with 
any certainty to derivatives. 

When direct rotatory evidence is not available, and until the 
matter is better understood, it would seem reasonable, therefore, 
(a) when a disubstituted glycerol exists as two isomerides, to assume, 
in the absence of proof to the contrary, that these have the structures 
of their respective parent substances, or derivatives; and (b) in 
all other cases, to appreciate that conversion may have occurred. 
Such conversions are usually supposed to lead preferentially to 
xy-disubstituted glycerols, but, in any case, the structures recorded, 
for example, by Gilchrist and Purves (loc. cit.) for glycerol dimethyl 
ether and for glycerol glucoside must clearly be regarded as 
unproven. The significance of these difficulties in relation to work 
on the higher polyhydric alcohols generally will be appreciated. 


EXPERIMENTAL. 

Diphthalimidohydroxypropane (A).—Specimens prepared by the 
methods of Philippi and Seka (loc. cit.) and of Gabriel (loc. cit.) for 
synthesising the ‘‘ «8 ’’- and the “ wy ’’-diphthalimide, respectively, 
melted, alone or mixed, at 204°. The supposed isomerides are 
therefore identical. 

Diphthalimidoacetoxypropane (B).—(a) A mixture of «$-dibromo- 
hydrin (1 mol.) and acetyl chloride (1-5 mols.) was refluxed for 
} hour; the excess of the latter was then removed under reduced 
pressure. The “‘ «8 ”’-dibromomonoacetin distilled at 227—228° 
(compare Aschan, Ber., 1890, 23, 1826). 

3°6 G. of this product were intimately mixed with 5 g. of potassium 
phthalimide and heated, first at 140°, and later at 160—170° for 
thour. The cooled product was extracted with glacial acetic acid ; 
the acetate obtained, after being washed with alcohol and ether, 
melted at 194° (Found: C, 64-6; H, 4:5; MM, ebullioscopic in 
acetone, 428. C,,H,,0,N, requires C, 64-3; H, 4:1%; M, 392). 
The structure of this substance is discussed in the theoretical 
section (compare Philippi and Seka, loc. cit., who prepared probably 
the same compound from allyl acetate). 

(b) 3 G. of “ wy ”-dichloromonoacetin, b. p. 202—208°, prepared 
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from «y-dichlorohydrin by Henry’s method (Ber., 1871, 4, 701), 
was intimately mixed with 6-5 g. of potassium phthalimide and 
heated at 150—170° for 4 hour. The product, treated in the 
manner described above, gave an acetate which, alone or mixed 
with that obtained as in (a), melted at 194°. 

(c) A mixture of 0-5 g. of “ ay ’’-diphthalimidohydroxypropane 
(Gabriel, loc. cit.) and 3 c.c. of acetyl chloride was refluxed for 10 
minutes and then poured into ice-water. The acetate, isolated 
and purified as described above, melted at 194°, alone or mixed 
with that obtained as in (a) or as in (6). 

Diphthalimidobenzoyloxypropane (C).—(a) 6-4 G. of dibromohydrin 
monobenzoate, prepared in a similar manner as the above dibromo- 
hydrin monoacetate, from «$-dibromohydrin (compare Philippi and 
Seka, Joc. cit.), and 7-4 g. of potassium phthalimide were intimately 
mixed and heated at 170° for 4 hour, liquefaction occurring. The 
mass was extracted with glacial acetic acid, and the benzoate crystal- 
lised from the extract in colourless prisms, m. p. 194—195° (Found: 
C, 68-9; H, 4-1. C,,H,,0,N, requires C, 68-7; H, 3-9%). 

(6) An attempt to prepare the compound from “ «y ’’-dichloro- 
hydrin monobenzoate was not successful. 0-5 G. of the “ wy ”-di- 
phthalimide described above was therefore dissolved in 2 c.c. of 
benzoyl chloride and warmed on a water-bath for } hour, the 
excess of benzoyl chloride then being destroyed by means of warm 
water and dilute sodium carbonate solution. The residual solid, 
after crystallising from chloroform—alcohol, had m. p. 195°, alone 
or mixed with the benzoate obtained as in (a). (A mixture with 
the corresponding acetoxy-compound, which has nearly the same 
melting point, melted indefinitely at about 175°.) 

Allyl Palmitate, C,;H,,-CO-O-CH,°CH:CH,.—13-5 G. of palmitic 
acid and 27 c.c. of thionyl chloride were warmed at 60° for an 
hour, the excess of the latter was distilled under reduced pressure, 
4 c.c. of allyl alcohol were added, and the mixture was refluxed on 
a water-bath for 90 minutes. After removal of the unchanged ally! 
alcohol under diminished pressure, the residue was extracted in 
ether, shaken with water, dilute sodium bicarbonate solution, and 
again with water, dried over sodium sulphate, and boiled with 
charcoal. The light brown oil finally obtained solidified in ice; 
m. p. 20—25°. The quantity was not sufficient for final purification 
or combustion, but the ester brominated to produce «$-dibromo- 
hydrin palmitate which, alone or mixed with a specimen obtained 
as described immediately below, melted at 34°. 

a8-Dibromohydrin Palmitate, CH,BreCHBr-CH,°0-CO-C,;H3).— 
The details of the preceding preparation and purification were 
followed almost exactly, 12-9 g. of «$-dibromohydrin being used 
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in place of 4 c.c. of allyl alcohol. The product crystallised from 
alcohol in colourless needles, m. p. 34° (Found: C, 49-9; H, 7-9; 
Br, 35-0. C,9H,,0,Br, requires C, 50-0; H, 7-9; Br, 35-1%). 

The reason for assigning the «$-formula to this isomeride is dis- 
cussed at the end of the theoretical section. 

ay-Dibromohydrin palmitate, C,;H3,*CO-O-CH(CH,Br),, m. p. 
35:5°, was obtained in the same way as the «$-compound, 7:3 g. 
of palmitic acid, 15-2 c.c. of thionyl chloride, and 6-5 g. of a -di- 
bromohydrin being used (Found: Br, 34:7%). Mixed with the 
28-isomeride, it melted at about 28°. Attempts to act upon either 
isomeride with potassium phthalimide were not successful. 

Monopalmitin Di-p-nitrobenzoate (E).—(a) 1-1 G. of silver p-nitro- 
benzoate and 5-8 g. of «8-dibromohydrin palmitate were intimately 
mixed with the aid of dry ether and heated to 150°; partial lique- 
faction then occurred. The mixture was maintained at 130—140° 
for 3 hours with frequent stirring, cooled, and extracted with 
chloroform. The extract was boiled with charcoal and caused to 
crystallise by the addition of alcohol. Recrystallisation from 
chloroform—alcohol yielded colourless needles, m. p. 102° (Found : 
(, 62:7; H, 6-9; MM, cryoscopic in benzene, 625. C3H,,0,)N, 
requires C, 63-1; H, 70%; M, 628). 

(b) An exactly similar preparation carried out with «y- instead 
of «-dibromohydrin palmitate gave the same product, m. p. 102°, 
and mixed m. p. 102°. 

xy-Dichlorohydrin Triphenylmethyl Ether, 

CH,Cl-CH(O-CPh,)-CH,Cl. 
—A solution of 10 g. of triphenylmethy] chloride and 4 c.c. of «y-di- 
chlorohydrin in 25 c.c. of pyridine was kept at 100° for 2 hours, 
allowed to stand for 12 hours, and then poured into 100 c.c. of water. 
The product, which solidified during } hour, was ground with water 
and extracted with ether. The ether isolated from the extract, 
after crystallising several times from alcohol, melted at 108— 
109°, was stable to aqueous potash, and did not react with potassium 
phthalimide (Found: Cl, 19-5. C,H, gOCl, requires Cl, 19-1%). 
That it possesses the 8-triphenylmethyl structure is probable from 
the work of Helferich and Sieber (Z. physiol. Chem., 1927, 170, 31). 


The authors wish to express their indebtedness to the Chemical 
Society for a grant which has partly met the expenses incurred in 
this work. 


Kine’s CoLttecr, LonpDoN. [Received, August 30th, 1928.] 
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XIX.—Studies in the Phenylsuccinic Acid Series, 
Part IX. The Resolution of r-Diphenylsuccin-a- and 
-B-naphthylamic Acids into their Optical Antipodes, 


By Henry WREN and Epwarp WRIGHT. 


In continuation of the work of Wren and Burrows (J., 1924, 125, 
1934), the resolution of r-diphenylsuccin-«- and -$-naphthylamic 
acids has been effected by the alkaloidal method. The active acids, 
like the corresponding anilic and p-toluidic acids (loc. cit.), exhibit 
the high optical activity characteristic of simple derivatives of the 
active diphenylsuccinic acids. Conversion of the acids into the 
substituted imides is accompanied by very marked diminution in 
specific rotation, the optical effect of the change thus resembling 
that of the transformation of the active diphenylsuccinic acids into 
their anhydrides (Wren and Still, J., 1915, 107, 1457). The influence 
of the aryl group on the specific rotation of the substituted diphenyl. 
succinamic acids and the diphenylsuccinimides appears quite 
irregular; for the former group the substituents fall into the descend- 
ing sequence $-naphthyl, phenyl, p-tolyl, «-naphthyl, whereas for 
the latter group the order is «-naphthyl, p-tolyl, phenyl, 8-naphthyl. 


EXPERIMENTAL. 


Resolution of r-Diphenylsuccin-«-naphthylamic Acid into its 
Optical Antipodes.—r-Diphenylsuccin-«-naphthylamic acid, m. p. 
217—219° (decomp.), was prepared by mixing solutions of equivalent 
quantities of r-diphenylsuccinic anhydride and «-naphthylamine in 
cold benzene and purified by crystallisation from rectified spirit 
(Found : C, 79:0; H, 5-4. C,,H,,0O,N requires C, 79-0; H, 5-4%). 

A solution of r-diphenylsuccin-«-naphthylamic acid (25-1 g.) and 
quinine (24-1 g.) in boiling absolute ethyl alcohol (175 c.c.) was 
filtered and preserved in an ice-chest during 3 days. The ill-defined 
crystals which separated (26-5 g.) were crystallised repeatedly from 
the same solvent, 5 c.c. of the latter being used for each gram of 
material. The course of the resolution was followed by observing 
the specific rotations in acetone of the acids isolated from the 
successive filtrates, the following values being obtained: — 155:5’, 
— 61-4°, + 93-4°, and + 154-9°. The residual quinine salt (9-6 g.) 
was decomposed with dilute sulphuric acid and ether, and the crude 
d-diphenylsuccin-a-naphthylamic dcid crystallised from 80%, alcohol 
until its specific rotation remained constant. It formed small 
needles, m. p. 206—207° (Found: C, 78-8; H, 5-4%). In acetone 
(1 = 2, c = 0-8432) aif + 3-47°, whence [«]if° +205-8°. 

l-Diphenylsuccin-«-naphthylamic acid ([«]) — 123-2° in acetone; 
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16-7 g.), from the crude levorotatory mixture of acids obtained from 
the first filtrates of the quinine salt (see above), and cinchonidine 
(13 g.) were dissolved in boiling ethyl alcohol (120 c.c.). The 
salt, which separated very slowly from the cold solution, was 
recrystallised from alcohol and decomposed in the usual manner, 
yielding 1-diphenylsuccin-«-naphthylamic acid having [«]»p — 194-3° 
in acetone. Crystallisation of the crude acid from 80% alcohol 
afforded the homogeneous acid, which exactly resembled its optical 
antipode in appearance, solubility and melting point. It had 
[«}i” — 206-6° in acetone solution (J = 2, c = 0-9484, ajj’ — 3-92°) 
(Found : C, 79-2; H, 5-4%). 

d-Diphenylsuccin-«-naphthil, m. p. 145°, was prepared by the 
action of boiling ethyl-alcoholic hydrogen chloride (3%) on the 
corresponding acid. The crude product had [«]p + 136-8° in acetone, 
thus showing that appreciable racemisation had not occurred during 
the course of the change. After crystallisation from absolute alcohol 
containing a little hydrogen chloride, the compound was optically 
homogeneous. In acetone (/ = 2, c = 1-0916) «jf + 3-04°, whence 
(aji’ + 139-2°; in chloroform (/ = 2, c = 1-2608), aj” + 3-11°, 
whence [a] -+ 123-3° (Found: C, 82-9; H, 5-2. C,,H,,0.N 
requires C, 82-7; H, 5-1%). 

d-Diphenylsuccin-«-naphthil is unusually readily racemised by 
sodium ethoxide in alcoholic solution. Crystallisation of the active 
material from boiling alcohol was occasionally accompanied by 
complete racemisation. The danger was avoided by the use of 
alcohol containing a trace of hydrogen chloride. 

Resolution of r-Diphenylsuccin-B-naphthylamic Acid into its 
Optical Antipodes.—r-Diphenylsuccin-8-naphthylamic acid (m. p. 
201—202°; prepared in almost quantitative yield in the same manner 
as the «-acid and purified by crystallisation from rectified spirit) 
(49:8 g.) and quinine (23-6 g.) were dissolved in boiling absolute 
alcohol and the solution was preserved in an ice-chest during 3 days. 
The needles (27-8 g.) which slowly separated were repeatedly 
crystallised from the same solvent, 20 c.c. of which were used for 
each gram of salt. The acid recovered from the successive filtrates 
had [a}],» — 96-3°, — 56-4°, + 44-0°, + 126-2° and + 210°, respec- 
tively, in acetone. The crude dextrorotatory acid isolated from the 
residual salt was crystallised from 80% alcohol until successive 
crops had a constant specific rotation. d-Diphenylsuccin-f-naphthyl- 
amic acid crystallises in small needles, m. p. 188° (Found: C, 78-8; 
H, 5:4. ©,,H,,O,N requires C, 79-0; H, 54%). In acetone 
(|= 2, ¢ = 0-7288) al’ + 5-64°, whence [«]}" + 386-9°. 

Preparation of the homogeneous /-acid from the crude levorota- 


tory mixture of acids isolated from the initial filtrates obtained in 
F2 
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the foregoing resolution could not be effected by crystallisation or 
by means of cinchonine, cinchonidine, or brucine. 

d-Diphenylsuccin-8-naphthil, prepared in the same manner as the 
«-compound, separated from alcohol, containing a trace of hydrogen 
chloride, in slender needles, m. p. 178—179° (Found: C, 82:9; 
H, 5:1. C,,H,,O,.N requires C, 82:7; H, 5-1%). In acetone 
(1 = 2, c = 0-8792) a}f’ + 1-845°, whence [a] + 104-9°. 


The authors desire to express their gratitude to the Research 
Fund Committee of the Royal Society for a grant which has defrayed 
a part of the cost of the investigation. 


MounicrpaL CoLLEGE oF TECHNOLOGY, 


BELFAST. [Received, November 30th, 1928.] 





XX.—Studies in the Phenylsuccinic Acid Series. 
Part X. Racemisation Phenomena observed during 
the Action of Water and Bases on the Optically 
Active Diphenylsuccinic Anhydrides. 


By Henry Wren and Epwarp WRicHT. 


THE optically active diphenylsuccinic anhydrides are converted by 
hot water into diphenylsuccinic acids of similar sign which contain 
about 8% of optically inactive material from which mesodiphenyl- 
succinic acid can be isolated in small amount (Wren and Still, J., 
1915, 107, 1451). With cold ethyl alcohol and the l-anhydride a 
rather more complex result is obtained, the product containing about 
20% of optically inactive material consisting, in part at any rate, of 
ethyl hydrogen r- and meso-diphenylsuccinates (loc. cit.; also Wren 
and Williams, J., 1918, 113, 832). The greater extent of the 
racemisation under the milder experimental conditions appeared to 
indicate a profound influence of the particular reagent effecting the 
opening of the diphenylsuccinic anhydride ring and has led to the 
further observation of the behaviour of water and bases under varied 
conditions. The production of substituted amic acids from the active 
anhydrides and aniline, p-toluidine, «- or $-naphthylamine in 
presence of cold benzene is accompanied by not more than slight, if 
any, racemisation; it may be noted that Wren and Williams (/oc. 
cit.) failed to find any evidence of the production of meso-forms when 
the r-anhydride reacted with amines. On the other hand, the 
optical activity of the diphenylsuccinic acids resulting from the 
action of water on the active diphenylsuccinic anhydrides is influ- 
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enced in an extraordinary degree by the presence of a mutual 
solvent. Homogeneous d-diphenylsuccinic acid has [«]}}}° + 397-3° 
in acetone (Wren and Still, J., 1915, 107, 449). The acid produced 
from the /-anhydride and aqueous acetic acid is only slightly racem- 
ised. In ether saturated with water the d-anhydride yields an acid 
having [a], + 232-7° (in acetone), whereas in aqueous acetone and 
pyridine the activity of the acid falls to + 116-5° and + 22-4° 
respectively. Determination of the proportion of mesodiphenyl- 
succinic acid in the products has been effected ac:ording to the 
method of Anschiitz and Bendix (Annalen, 1890, 259, 81), which 
depends on the widely differing solubilities of barium r- and meso- 
diphenylsuccinates in water; the presence of optically active acid 
in the product is without influence on the analytical procedure, 
since the solubilities of the barium salts of the racemic and the 
active acids are closely similar (compare J., 1915, 107, 1449). In 
every case the production of a small proportion of the meso-acid 
has been established. Since a high degree of accuracy could scarcely 
be expected with the small amounts of material available from the 
active anhydrides, control experiments have been performed with 
larger quantities of the more accessible r-anhydride under identical 
conditions. The fundamental assumption that the latter substance 
in dilute solution behaves as a mixture of the d- and /-forms is not, 


however, universally true. In aqueous ether, acetone, and pyridine 
the results afforded by the two sets of data are reasonably con- 
cordant. In aqueous acetic acid, on the other hand, the product 
obtained from the r-anhydride contains somewhat more than 20% 
of the meso-acid, whereas the l-acid derived from the /-anhydride 
contains about 6% of optically inactive material. 


EXPERIMENTAL. 


The d- and /-diphenylsuccinic anhydrides, prepared according to 
the method of Wren and Still (J., 1915, 107, 1449), had [«]i* + 278-8° 
and [a], — 286-5° in benzene. 

Interaction of Amines and Optically Active Diphenylsuccinic 
Anhydrides.—(a) «-Naphthylamine. «-Naphthylamine (0-5482 g.), 
dissolved in benzene, was mixed with /-diphenylsuccinic anhydride 
(0-966 g.) in benzene solution. Reaction was complete within a few 
minutes, after which the solvent was removed at atmospheric tem- 
perature and the residual solid dried in a vacuum until constant in 
weight. The product obtained had [«]}}* — 200-3° in acetone (/ = 
2,¢ = 0-9412, «* — 3-77°). Crystallisation of it from 80% alcohol 
gave homogeneous /-diphenylsuccin-«-naphthylamic acid, m. p. 
206—207°, [a}s* — 207-3° in acetone (compare Wren and Wright, 
preceding paper). 
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(b) 6-Naphthylamine. 8-Naphthylamine (0-5229 g.) was treated 
with the equivalent amount of /-diphenylsuccinic anhydride in 
benzene, the same procedure being adopted as with the «-amine. 
The crude acid had [«]i{’ — 378-8° in acetone (J = 2, c = 0-8248, 
aj’ — 6-25°). Purification of the product from 80% alcohol gave 
1-diphenylsuccin-8-naphthylamic acid, which crystallised in small 
needles, m. p. 188—188-5° (Found: C, 79:0; H, 5-4. C,,H,,0,N 
requires C, 79-0; H,5:-4%). Inacetone solution (1 = 2, ¢ = 0-7355) 
aii®" — §-72°, whence [«]}i* — 388-2°. For d-diphenylsuccin-g. 
naphthylamic acid the m. p. 188° and [«]}* ++ 386-9° (in acetone) 
are recorded by Wren and Wright (loc. cit.). 

(c) Aniline. Freshly distilled aniline (0-429 g.) and the equivalent 
amount of the /-anhydride in benzene yielded /-diphenylsuccinanilic 
acid having [«]}° — 325-0° in acetone (J = 2, c = 0-8070, «i — 
5-24°), whereas Wren and Burrows (J., 1924, 125, 1934) record 
[a]?*" — 338-2° for the homogeneous acid. 

(d) p-Toluidine. The lI-diphenylsuccino-p-toluidic acid derived 
from 0°3433 g. of p-toluidine had [a], — 319-5° in acetone (/ = 2, 
c = 0°8544, a, — 5-46°); the homogeneous acid has [«}§* — 329-5° 
in the same solvent (Wren and Burrows, loc. cit.). 

Interaction of Water and Optically Active Diphenylsuccinic Anhy- 
drides in the Presence of Solvents.—(a) Acetone. A solution. of 
d-diphenylsuccinic anhydride (0-7742 g.) in a mixture of acetone 
(20 c.c.) and water (5 c.c.) was preserved at laboratory temperature 
during 3 days. It was then allowed to evaporate spontaneously 
and the residue was dried in a vacuum desiccator until constant in 
weight. It had [a]i/’+ 116-7° in acetone (1 = 2, c = 0-9425, 
aj} + 2-20°), whereas the homogeneous acid has [«]}j° + 393-3°. 
The proportion of meso-acid in the product was 4-5%. 

(b) Pyridine. The d-anhydride (1-1974 g.) was preserved in a 
solution of pyridine (24 c.c.) and water (6 c.c.) during 3 days. The 
mixture was treated with an excess of dilute hydrochloric acid, and 
the diphenylsuccinic acid removed by ether. In acetone, it had 
[a] + 22-4° (1 = 2, c = 0-8488, aif + 0-38°); it contained 34% 
of meso-acid. Repetition of the experiment gave an acid with 
[a]p -++ 21-1° in acetone. . 

(c) Hther. The d-anhydride (0-8336 g.) was dissolved in 30 c.c. 
of ether saturated with water; 4 c.c. of water were added, after 
which the solution was preserved at atmospheric temperature 
during 3 days. The d-acid obtained had [a], -+- 232-7° in acetone 
(1 = 2, c = 0-9260, «, + 431°) and contained 2-8% of the meso-: 
form. 

(d) Acetic acid. The l-anhydride (0-9995 g.) was preserved in 
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85%, acetic acid (35 c.c.) during 3 days. The bulk of the acetic acid 
was removed by distillation under diminished pressure below 40° 
and the remainder in a vacuum over soda-lime. The isolated 
|.diphenylsuccinic acid had [a]* — 364-7° in acetone (1 = 2, c= 
(8828, «jf* — 6-44°) and contained 3-6% of the meso-form. A 
second experiment gave an acid with [«], — 373-3° in acetone. 

Interaction of Water and r-Diphenylsuccinic Anhydride in the 
Presence of Solvents—The experiments were performed in exactly 
the same manner as the corresponding ones with the active 
anhydrides except that much larger quantities were employed. The 
percentage of meso-acid in the mixed acids obtained by use of 
aqueous acetone, pyridine, and ether was 2:0, 2:0, and 1-0 respect- 
ively. With acetic acid, however, the values 21-6, 22-3, and 20°6 
were found in three successive experiments. 


The authors desire to express their gratitude to the Research 
Fund Committee of the Royal Society for a grant which has 
defrayed a part of the cost of this investigation. 


MounictPAL COLLEGE OF ‘TecHNoLoeGy, 
BEtrastT. [Received, November 30th, 1928.] 





XXI.—Nitroarylsulphuric Acids and their Reduction 
Products. 


By GzorcE NorMAaN BuRKHARDT and HaroLD Woop. 


Tae method of preparing arylsulphuric acids by the addition of a 
phenol or naphthol to dimethylaniline chlorosulphonate in carbon 
disulphide (Burkhardt and Lapworth, J., 1926, 684) has been 
applied satisfactorily to o-, m-, and p-nitrophenols and to 4-nitro-1- 
naphthol and 1-nitro-2-naphthol, but only small amounts of the 
sulphuric ester were formed from 2-nitro-l-naphthol. The potassium 
salts which were isolated were remarkably stable for derivatives 
of such acid phenols and were reduced by ferrous hydroxide to 
amino-compounds, which gave acetyl and benzylidene derivatives 
without losing the sulphate group. Potassium o-nitrophenyl 
sulphate was reduced in alkaline solution to the azo- and hydrazo- 
derivatives and converted into potassium 4 : 4’-diaminodiphenylene 
3:3'-disulphate (I; yield, 50%). The constitution of the last 
compound was confirmed by hydrolysing it with boiling dilute 
hydrochloric acid and comparing the dihydroxybenzidine produced 
vith that obtained by demethylating dianisidine with hydriodic 
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acid (compare German Pat. 70718). The dihydroxybenzidine (II) 
was characterised by means of the moog derivative (IV), 


NH ss NH-COMe N=CMe 
A cx OF = (y 
I.) 


( 


wn >-< > 2 —= , 
NH, § NH-COMe N=(¥e 
(IT.) (ITT.) (IV.) 

During the diazotisation of aminoaryl sulphates under ordinary 
conditions the sulphate group was removed whenever it was in the 
o-position to the amino-group. However, whereas 1l-amino-2. 
naphthol in diazotisation gives B-naphthaquinone (Grandmougin 
and Michel, Ber., 1892, 25, 972), the sulphuric ester gives the diazo- 
oxide, indicating that some protective effect is operating even in 
this case. This splitting off of substituents during diazotisation 
has many well-known analogies, but displacements are rare in 
monosubstituted amines. 

The aminoary] sulphates with the amino- and sulphato-groups in 
the m- or p-position diazotised normally and the diazo-derivatives 
coupled with $-naphthol to give azo-compounds containing the 
sulphato-group, which makes them soluble acid dyes (e.g., V and 
VI, ee with Orange II and Fast Red A respectively). 


N 0) N= 


“SO, see O-SO, PO ~4 


(V.) (VI.) (VIL.) 


Attempts were made to dye wool and silk with these and subse- 
quently to hydrolyse the dye on the fibre to relatively insoluble 
products (e.g., VII). The hydrolysis on the fibre was found to be 
more difficult than in aqueous solution, as Green also observed with 
the ionamines, and dull shades were produced when such hydrolysis 
was brought about by heating with 1% sulphuric acid, a much 
greater strength than is normally used in dyeing operations. Fuw- 
ther, the hydroxyazo-dyes, which were insoluble in water, were 
stripped by soap, as was to be expected with p-hydroxyazo-dyes of 
low molecular weight. 

The isomeric 2- and 4-nitro-l-naphthols were separated nearly 
quantitatively by forming the potassium salts in aqueous alcohol. 





AND THEIR REDUCTION PRODUCTS. 


EXPERIMENTAL. 


Preparation of Nitronaphthols—1-Nitro-2-naphthol. Aceto-B- 
naphthalide was nitrated by Friedlander and Littner’s method 
(Ber., 1915, 48, 330). The product which crystallised from the 
benzene extract (yield, 60%) was refluxed for 2 hours with alcohol 
(2} vols.) and 50% aqueous potassium hydroxide (1 vol.). The 
residue after evaporation of the alcohol was twice recrystallised 
from boiling water, and an aqueous solution acidified to give pure 
]-nitro-2-naphthol. 

2- and 4-Nitro-1-naphthols. «-Naphthylamine (30 g.) was boiled 
for 5 minutes with glacial acetic acid (200 c.c.) and acetic anhydride 
(27 c.c.) (Hodgson and Kilner, J., 1924, 125, 807), and nitric acid 
(125 c.c.; d 1-5) added to the suspension resulting on cooling to 
20—25°. After 2 days the solid (30 g.) was filtered off, washed 
twice with glacial acetic acid, and heated with alcohol (90 c.c.), 
aqueous caustic potash (60 c.c. of 30%) and water (100 c.c.) were 
added, and the alcohol was distilled off slowly. When 70 c.c. had 
distilled, more water (100 c.c.) was added and the distillation 
continued on a sand-bath until the distillate was free from ammonia 
(total time, 34 hours). The potassium 2-nitro-1-naphthoxide 
separating on cooling was washed twice with 5% potash solution 
(50 c.c.), the filtrate and washings were warmed slightly and acidified 
with acetic acid, and the crude 4-nitronaphthol was filtered off 
and steam-distilled until the 2-nitro-l1-naphthol present (0-3 g.) had 
been removed. The product was purified by boiling with animal 
charcoal and crystallised (yield, 9-5 g.; m. p. 165—166°). The 
potassium 2-nitro-1-naphthoxide, acidified in boiling aqueous solu- 
tion with acetic acid, gave the free nitronaphthol, which was filtered 
off while hot (yield, 9 g.; m. p. 128—129°). The filtrate deposited 
a trace of 4-nitro-1-naphthol. 

A simple separation was not effected if sodium hydroxide was 
used instead of potassium hydroxide in the hydrolysis. 

Conversion of Nitrophenols and Nitronaphthols into Sulphates 
(compare Ashworth, Burkhardt, and Lapworth, loc. cit.)—Chloro- 
sulphonic acid (1-4 mols.) was added to dimethylaniline (3-7 mols.) 
in carbon disulphide (500 c.c.), kept below 16°. To the mixture, 
made mobile by heating to 35°, nitrophenol or nitronaphthol 
(1 mol.) was added all at once. After an hour’s stirring at 35° the 
product was kept over-night and then poured into a well-stirred 
solution of caustic potash (4 mols.) in water (2 1. for o-nitrophenol, 
3 |. for p-nitrophenol, 2-5 1. for 1-nitro-2-naphthol, and 5 1. for 
‘nitro-1-naphthol), kept below 30°. 

In the case of o-nitrophenol the base was separated directly by 
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the addition of a little benzene; ice was then added and when the 
temperature had fallen to 5° hydrochloric acid was added until al 
the unchanged nitrophenol had just separated. The solution was 
filtered, at once made alkaline again with caustic potash, and heated 
to 50°, and the requisite amount of barium chloride solution was 
added to convert nearly all the residual potassium sulphate into 
chloride. On evaporation under reduced pressure the solution gave 
potassium o-nitrophenyl sulphate (80% of the theoretical yield) as 
a first fraction. If the bulk of the potassium sulphate was not 
converted into chloride before evaporation, it crystallised with the 
required product, which was then only obtained pure by a tedious 
extraction with hot 90% alcohol. 

In the case of p-nitrophenol the extraction liquor had to be heated 
to 50° to dissolve the solid matter, and the base was then separated 
directly while hot by the addition of a little toluene. A short 
evaporation under reduced pressure completed the removal of the 
base. Some pure potassium p-nitrophenyl sulphate separated on 
cooling and the remainder was obtained by evaporation under 
reduced pressure, after the unchanged p-nitrophenol had been 
removed by ether extraction of the solution acidified below 5°. 
Yield, 80%. 

The case of the 1-nitro-2-naphthol was the most difficult in the 
extraction. The large amount of solid which separated was removed 
and dissolved in the minimum amount of warm water and this 
solution and the original filtrate were treated in parallel. The 
base was separated with benzene, the solution cooled and acidified, 
and the unchanged nitronaphthol (55%) separated. The solutions, 
made alkaline with potash, were evaporated under reduced pressure 
until the required product crystallised (yield, 40%). A further 
crystallisation from water at 70° was sometimes necessary. 

Potassium 4-nitro-1-naphthyl sulphate separated from the alkaline 
liquor contaminated only with dimethylaniline, which was removed 
by washing with methylated spirit. The filtrate was treated as usual 
and a further quantity isolated. One recrystallisation from hot 
water gave a pure product (yield, 85%). 

Potassium o-nitrophenyl sulphate was recrystallised from 90% 
alcohol and then from water (Found: K, 15:3. C,H,O,NSK 
requires K, 15-2%). The solubility in water at 17° is 16%. It is 
very sparingly soluble in hot or cold alcohol, but readily in cold 
70% alcohol or hot 90%. 

Potassium p-nitrophenyl sulphate was recrystallised from water 
(Found: K, 15-1%). The solubility in water at 17° is 6%. Itis 
very sparingly soluble in hot or cold alcohol or aqueous alcohol. 

Potassiwm 1-nitro-2-naphthyl sulphate is sparingly soluble in cold 
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water and crystallises from hot water in long, pale yellow needles 
(Found: K, 11-95. C,)>H,O,NSK,H,O requires K, 12-0%). 

Potassium 4-nitro-1-naphthyl sulphate is sparingly soluble in cold 
water and crystallises from hot water in fine, pale yellow needles 
(Found: K, 12-7. C,jH,O,NSK requires K, 12-7%). 

All these compounds are rapidly hydrolysed by very dilute 
hydrochloric acid at about 70°, and slowly at 100° by 10% barium 
hydroxide solution or dilute acetic acid containing sodium acetate 
[contrast to potassium phenyl and naphthyl sulphates (Burkhardt 
and Lapworth, loc. cit.), and sodium acety! sulphate, which is 
rapidly hydrolysed by cold water (von Peski, Rec. trav. chim., 1921, 
40, 103)]. The hydrolysis with barium hydroxide or acetic acid is 
still incomplete after 6 hours. An even slower hydrolysis takes 
place with aqueous ammonia, which behaves as a weak alkali and 
shows no sign of replacing the sulphate group, attached to the 
benzene ring, by an amino-group. 

Reduction of Nitrophenyl and Nitronaphthyl Sulphates—A warm 
concentrated solution of potassium nitrophenyl or nitronaphthyl 
sulphate (0-1 mol.) was added in small portions during 1-5 hours 
to a suspension of precipitated calcium carbonate (1-5 mols.) or 
barium carbonate (1-2 mols.) in a solution of ferrous sulphate 
(0-9 mol.) in water (600 c.c.) kept at 70—75° and repeatedly shaken. 
Barium carbonate was only used for 1-nitro-2-naphthyl sulphate ; in 
this case the reaction, after further addition of ferrous sulphate 
(0-2 mol.) and barium carbonate (0-25 mol.), was complete only after 
4hours. The liquid was filtered hot, the residue washed with hot 
water, and the filtrate treated with barium hydroxide (if calcium 
carbonate was used) to precipitate all the free sulphate ion; passage 
of carbon dioxide then precipitated all the barium and calcium. 
The filtered solution was made alkaline with caustic potash and 
evaporated almost to dryness under reduced pressure, and the 
product crystallised from 80% alcohol. Yields: potassium o- and 
p-aminophenyl sulphates and 1l-amino-2-naphthyl sulphate, 90% ; 
4-amino-1-naphthyl sulphate, 66%. 

From solutions of potassium p-aminophenyl sulphate and 
potassium 4-amino-l-naphthyl sulphate the free acids were pre- 
cipitated by hydrochloric or acetic acid. 

Preparation of benzylidene derivative. A mixture of potassium 
p-aminophenyl sulphate (3 g.) and benzaldehyde (6-5 c.c.) was 
warmed at 70° for 30 minutes, cooled, suspended in a little benzene, 
and filtered. After being washed with a little benzene, the solid 
product contained about 85% of the benzylidene derivative, the 
rest being unchanged material. It was recrystallised from 50%, 
alcohol containing a trace of potash. 
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Acetylation of amino-groups. Potassium o- or p-aminopheny| 
sulphate (3 g.) was dropped into 5 c.c. of acetic anhydride with 
stirring and water-cooling. The-solid product was recrystallised 
from 80% alcohol (20 c.c.) containing a trace of potash (yield, over 
90%). 

Acid hydrolysis of the acetyl derivative. A concentrated solution 
of potassium p-acetamidophenyl] sulphate was acidified with dilute 
hydrochloric acid and boiled for 3-5 minutes. On cooling, neutralis. 
ing, and evaporating it, a 50% yield of crude p-acetamidophenol was 
obtained which was purified (m. p. 166°) by two recrystallisations 
from aqueous alcohol. A large amount of hydrolysis of the acetyl] 
group had also taken place. 

Potassium o-aminophenyl sulphate (Found : K, 17-1. C,H,O,NSK 
requires K, 17-2°%) is very soluble in water, but a saturated solution 
gives no precipitate of the internal salt with acids. Bromine water 
causes a faint violet coloration. No precipitate is formed on the 
addition of excess of bromine unless the solution has been acidified, 
in which case a bright yellow precipitate, soluble in ether, is pro- 
duced. Ferric chloride gives no coloration. 

The p-aminophenyl sulphate (Found: K, 15-9. C,.H,O,NSK,H,0 
requires K, 15-9%) is extremely soluble in water and crystallises 
from 80% alcohol in poorly defined tablets. Hydrochloric or acetic 
acid gives a crystalline precipitate of the hydrogen aminopheny] 
sulphate. Bromine produces a violet coloration in acid solution. 
This colour is discharged by excess of bromine and a yellow precipi- 
tate, readily soluble in ether, is formed which crystallises from 
aqueous alcohol in nearly colourless plates, m. p. 124°. Ferric 
chloride gives no coloration. 

Hydrogen p-aminophenyl sulphate is sparingly soluble in all 
solvents. Small quantities can be crystallised from warm water, 
but it is best obtained pure by precipitation from solutions of the 
pure potassium salt. It is soluble in alkalis, alkali carbonates, 
ammonia, and excess of potassium acetate, although acetic acid gives 
a precipitate with solutions of the potassium salt (Found: equiv., 
with sodium hydroxide, 190. C,H,O,NS requires equiv., 189). 

Potassium p-benzylideneaminophenyl sulphate (Found: K, 12:1. 
C,3;H,)90,NSK,}H,O requires K, 12-1%) is sparingly soluble in cold 
water, almost insoluble in hot or cold alcohol, but fairly readily 
soluble in hot aqueous alcohol. On warming with dilute acid to 
about 50°, benzaldehyde is liberated, and a small amount of hydrogen 
p-aminophenyl sulphate separates on cooling; at the same time 
the sulphate group is partly removed. 

Potassium 1-amino-2-naphthyl sulphate (Found: K, 13-6. 
Cj9H,0O,NSK,4H,O requires K, 13-7%) crystallises from hot water 
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in slightly pink plates. The solubility in water at 17° is 11%. 
Acids do not precipitate the internal salt from a saturated solution 
(compare o-aminophenyl sulphate). Bromine water gives a dirty 
green precipitate which changes to yellow with excess of bromine 
and becomes soluble in ether, from which it crystallises in yellow 
needles. This precipitate is also slightly soluble in alkali, giving a 
dark green solution. Ferric chloride gives first an opalescence and 
then a blue precipitate which changes to brown. 

Potassium 4-amino-l-naphthyl sulphate forms hydrated, appar- 
ently efflorescent needles from aqueous alcohol. From concentrated 
solutions. hydrochloric or acetic acid precipitates microscopic 
needles of hydrogen 4-amino-l-naphthyl sulphate (Found: equiv., 
241. Cy H,O,NS requires equiv., 239). This crystallises from much 
hot water in long needles. 

All these potassium aminoaryl sulphates can be boiled in dilute 
mineral acid solution for a few seconds before hydrolysis is detect- 
able. They are thus rather more difficult to hydrolyse than 
potassium phenyl sulphate itself. Excess of bromine completely 
removes the sulphate group. 

Diazotisation of Aminophenyl and Aminonaphthyl Sulphates.— 
Hydrogen p-aminophenyl sulphate (4-15 g.), suspended in water 
(40 c.c.), was cooled to 5°, concentrated hydrochloric acid (3 c.c.) 
added, and N-potassium nitrite (1 mol.) run in. The solid product 
showed all the properties of the diazo-derivative. The method for 
the naphthyl sulphate was similar. 

Coupling with phenols and naphthols. 'The whole of the suspension 
obtained in the diazotisation above was poured slowly into a cold 
solution of resorcinol (2-75 g.) in water (40 c.c.) containing an 
excess of potassium carbonate. The reddish-orange solution 
obtained was treated with acetic acid after 1-5 hours and potassium 
dihydroxybenzeneazophenyl sulphate separated (yield, 88%). This 
crystallised from hot water in orange plates, sparingly soluble in 
cold water, readily in hot water, alkalis, or alkaline carbonates, and 
insoluble in alcohol and other organic solvents (Found: K, 10-5. 
C,.H,O,N,SK,1$H,O requires K, 10-4%). An aqueous solution 
boiled with dilute hydrochloric acid for 15 minutes gave dihydroxy- 
benzeneazophenol as a powder (yield, over 90%), which crystallised 
in feathery needles from alcohol. 

A diazo-solution, prepared as above and run into a solution (50 c.c.) 
of §-naphthol (3-2 g.) and potassium hydroxide (2-55 g.), gave, after 
an hour’s stirring, a dark red azo-dye containing the sulphate 
group (yield, 859%); a further quantity was obtained by salting 
out with potassium chloride. 

Potassium 2-hydroxynaphthaleneazophenyl sulphate, crystallised 





148 BURKHARDT AND WOOD: NITROARYLSULPHURIC ACIDS 


from 20% aqueous alcohol, is sparingly soluble in cold water and 
alcohol and moderately easily soluble in hot water (Found: XK, 
10-1. C,,H,,0;N,SK,4H,O requires K, 10-0%). It forms red 
flocculent precipitates in neutral solution with barium and calcium 
chlorides, bright orange-red needles with mercurous nitrate, and a 
brown flocculent precipitate with magnesium sulphate. No 
insoluble salts are formed on adding silver, lead, copper, ferrous, 
ferric, mercuric and aluminium salts. The sulphate group is 
rapidly and quantitatively removed on boiling with dilute mineral 
acid, p-hydroxybenzeneazo-$-naphthol (dark purple needles, m. p. 
193-5°, from aqueous alcohol; Niementowski, Chem. Zenitr., 1902, 
73, 938, gives 194°) being formed. 

Potassium 4-2’-hydroxynaphthaleneazo-1-naphthyl sulphate is a 
red solid, fairly easily soluble in warm water. The free acid is 
precipitated almost completely on addition of mineral acid to a cold 
solution of the potassium salt, and if the mixture is then boiled the 
sulphate group is removed, a dark red precipitate of 4-hydroxy.- 
naphthaleneazo-8-naphthol. m. p. 236°, being formed (Niementowski, 
loc. cit., gives 228—229°). 

Dyeings with these Sulphato-azo Dyes (V and VI).—Wool patterns 
(5 g. each) were dyed in the usual manner in dye-baths (total 
volume, 400 c.c.) containing 0-10 g. of dye, 0-15 g. of sulphuric 
acid, and 0-50 g. of sodium sulphate. Half of each pattern was 
then replaced in half of the exhausted dye-bath, restored to its 
proper volume (200 c.c.) after the addition of sufficient sulphuric 
acid (40 c.c. of 5% acid) to form a 1% solution. After an hour’s 
boiling, the shades had changed materially, (V) from a bright 
orange-scarlet to a dull brownish-orange and (VI) from deep red 
to a dull greyish-violet. 

If solutions were made up similar to the above dye-baths but with 
the minimum of water and allowed to concentrate on the water- 
bath, complete hydrolysis and precipitation of the dyes were 
effected in the course of an hour or so. The hydrolysed dye from 
(V) was brought into partial solution by the addition of alcohol and 
water and a dyeing performed in this dye-bath; a dull brownish- 
orange shade resulted similar to that obtained by dyeing with (V) 
and subsequent hydrolysis with 1% acid : the latter shade, however, 
was necessarily slightly duller owing to the relatively drastic treat- 
ment involved in the hydrolysis on the fibre. 

Action of Nitrous Acid on 0-Aminophenyl and o-Aminonaphthyl 
Sulphates.—To potassium o-aminophenyl sulphate (1-5 g.) in water 
(20 c.c.) at 0°, concentrated hydrochloric acid (2 c.c.) was added, 
followed by the requisite amount of N-potassium nitrite. The 
product (which gave a precipitate in acid solution with barium 
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chloride) was run into $-naphthol (1 g.) in water (15 c.c.) containing 
caustic potash (1-2 g.), and after 3 hour’s stirring excess of acetic 
acid was added. The precipitate was washed with water, dried, and 
extracted with ether to remove naphthol. It was insoluble in 
water and organic solvents and melted at 191°. Niementowski 
(loc. cit.) gives for o-hydroxybenzeneazo-f-naphthol, m. p. 193°. 

The action of nitrous acid on potassium 1l-amino-2-naphthyl 
sulphate and on the azo-derivative produced by coupling diazotised 
sulphanilic acid with 1-amino-2-naphthyl sulphate was examined, 
but more water was used to get as much of the amine into solution 
as possible. The resulting solutions gave precipitates with barium 
chloride, but did not couple with any alkaline phenoxide except 
resorcinol, with which they gave blue and dark green colours 
respectively. The precipitate obtained from 1-amino-2-naphthol 
hydrochloride and nitrous acid did not couple with resorcinol. 

Naphthalene 1 : 2-diazo-oxide was separated in 96% yield from 
the aqueous solution, by four extractions with ether, as a yellow 
solid, m. p. 94—95° after recrystallisation from light petroleum 
(b. p. 60—80°). Bamberger (Ber., 1894, 27, 679) gives m. p. 95°. 

Potassium 4:4’-diaminodiphenylene 3: 3’-disulphate (I; see 
p. 151) was tetrazotised with excess of acid and excess of sodium 
acetate was subsequently added. The tetrazo-compound, which 
soon separated as orange needles, contained no sulphate group and 
was apparently identical with the bisdiazo-oxide obtained from 
3: 3’-dihydroxybenzidine (p. 151). 

Alkaline Reduction of Potassium o-Nitrophenyl Sulphate.—Reduc- 
tion with zine dust. Caustic potash (0-27 g.) in water (50 c.c.) was 
added during 5 hours to a suspension of zinc dust (20 g.; 60% Zn) 
in a solution of potassium o-nitrophenyl sulphate (10 g.) in water 
(100 c.c.) with mechanical stirring at 60°; then, as reduction was 
incomplete, a few drops of potassium hydroxide solution were added 
from time to time, the temperature being raised to 70°, until no 
more nitro-compound remained (40 hours altogether). The solution 
was filtered, the residue was washed well with hot water, and the 
united filtrates were divided into two equal portions A and B. 

Portion A was evaporated nearly to dryness under reduced 
pressure and the solid obtained was dissolved in 85% alcohol at 70°, 
On cooling, a mixture of the hydrazo-compound (colourless needles) 
and the azo-compound (yellow crystals) separated (0:8 g.). The 
filtrate, treated with ether, deposited a mixture containing more 
of the yellow compound (0-9 g.). Recrystallisations from 80% 
alcohol separated the two compounds (yield, 36% of the theoretical 
yield from 5 g. of nitrophenyl sulphate). 

Portion B was treated with a few drops of hydrochloric acid in 
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thecold. The benzidine derivative was rapidly precipitated (0-76 g.. 
19% from 5 g. of nitrophenyl sulphate, i.e., 19% of the nitropheny! 
sulphate is converted into hydrazo-compound and 17% into azo. 
compound). 

Such modifications as the use of higher concentrations of nitro. 
compound, more alkali, purer zinc dust, higher temperature, and 
aqueous alcohol as the solvent gave smaller yields. 

Reduction with sodium amalgam. 2% Sodium amalgam (130 g,) 
was added to a vigorously stirred solution of potassium o-nitrophenyl 
sulphate (2-69 g.) in water (50 c.c.) in the course of 3 hours. After 
standing over-night, the white solid was separated, washed with a 
little water and dissolved in warm water, and the solution was 
treated with hydrochloric acid, cooled rapidly, and filtered. The 
mother-liquor from the reduction was treated with zinc dust at 
50—60° until the red colour had vanished; hydrochloric acid was 
then added to the filtered solution. Potassium 4 : 4’-diaminodi- 
phenylene 3: 3’-disulphate separated in both cases (0-69 g. and 
0-46 g., respectively; yield, 52%). 

Potassium azobenzene 2: 2’-disulphate, (KO-SO,°0-C,H,'N°),, 
crystallises from hot water in orange hexagonal plates insoluble in 
organic solvents (Found: K, 16-9. C,,H,O,N,S,K,,$H,O requires 
K, 17-0%). It is rapidly hydrolysed by hydrochloric acid at 70° 
(compare nitrophenyl sulphate), giving 0o’-dihydroxyazobenzene, 
which crystallises from aqueous alcohol in yellow needles, m. p. 171° 
(Weselsky and Benedikt, Ber., 1878, 11, 398; Annalen, 1879, 196, 
344, give 171°). The orange-red solution in aqueous sodium hydr- 
oxide is rapidly decolorised by warming with zinc dust and then 
gives a white precipitate of the benzidine derivative when treated 
with hydrochloric acid. 

Potassium hydrazobenzene 2 : 2’-disulphate crystallises from hot 
water in colourless feathery needles stable in the air. A cold 
neutral solution also resists oxidation, but the azo-compound is 
formed wher air is passed through a warm alkaline solution and 
rapidly by warm ferric chloride or nitrous acid. The solubility 
in water is 3-2% at 19° and 5-4% at 32°. A saturated solution of 
the hydrazo-compound at 20°, when treated with concentrated 
hydrochloric acid (0-1 vol.), deposits a 95% yield of 4 : 4’-diaminodi- 
phenylene dihydrogen 3: 3'-disulphate in a few minutes. This 
crystallises in colourless needles from a large bulk of water. It is 
insoluble in cold water, hot or cold alcohol and ether, but readily 
soluble in alkalis, ammonia, sodium carbonate and potassium 
acetate. It is rather more stable to acid hydrolysis than the amino- 
phenyl sulphates [Found: equiv., 210. C,,H,)N,(SO,H),,2}H,0 
requires equiv., 211]. 
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Potassium 4: 4’-diaminodiphenylene 3 : 3’-disulphate (1) is pre- 
pared by the addition of a concentrated potassium hydroxide 
solution to a warm aqueous suspension of the free acid. It separates 
in elongated plates, usually slightly brown in colour (Found: K, 
16-5. Cy2H,O,N,S,K,,H,O requires K, 16-6%). The free acid 
is precipitated from solutions of this salt by mineral acids but not 
by acetic acid (compare p-aminopheny! sulphate). 

Characteristic colour reactions similar to those given by benzidine 
are obtained with bromine and ferric chloride. The cautious 
addition of very dilute bromine water causes the following series 
of colour changes: green, blue, olive-green, brown, red; the last 
colour fades on standing and a test with barium chloride then shows 
that elimination of the sulphate group has taken place. An intense 
blue coloration or a dark blue precipitate is obtained with ferric 
chloride. 

Hydrolysis to 3 : 3'-dihydroxybenzidine. A suspension of 3-33 g. 
of the sulphate in 150 c.c. of boiling water was boiled with con- 
centrated hydrochloric acid (20 c.c.) for 24 hours and the solution 
was then cooled, filtered, and treated with an excess of sodium 
acetate solution; the light brown solid precipitated was washed with 
water and alcohol (yield, almost quantitative). 

Demethylation of dianisidine. Powdered dianisdine (10 g.) and 
hydriodic acid (100 c.c., b. p. 127°) were heated in a bath at 138°; 
after 24 hours the temperature was raised and the unused hydriodic 
acid distilled off. A solution of the residue in hot water was filtered, 
sodium bisulphite added to remove iodine, and the base precipitated 
with sodium acetate solution. The product was washed and boiled 
with alcohol to remove dianisidine (yield, 90%). 

The dihydroxybenzidine obtained by these two methods is a white 
powder, slowly darkening on exposure to air, very soluble in alkalis 
and in hot dilute mineral acids, very sparingly soluble in hot water 
and organic solvents, and soluble in, but not crystallisable from, 
hot 80—90% acetic acid. A solution of the hydrochloride in water, 
when treated with sodium nitrite solution, deposits orange needles 
which explode violently when heated and show a low reactivity 
to most phenols. It combines slowly with R-salt and Schiffer’s 
acid in alkaline solution to form purple-blue substantive dyes, 
rather redder than those from dianisidine. A blue insoluble dye is 
slowly formed with sodium §-naphthoxide and a fine crimson 
colour is at once formed with alkaline resorcinol. No combination 
took place with Naphthol AS. 

Acetylation of dihydroxybenzidine. Dihydroxybenzidine was dis- 
solved by boiling with glacial acetic acid (50 c.c.) with subsequent 
addition of water (12 c.c.). The solution was filtered and acetic 
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anhydride (50 c.c.) added at about 50°. The almost colourless solid 
was filtered off after 36 hours and washed with acetic acid (yield, 
90%). Diacetyldihydroxybenzidine is insoluble in most organic 
solvents. After crystallising from benzyl alcohol and drying at 
150°, it melts at 292° (decomp.) (Found: N, 9-2. C,,H,,0,N, 
requires N, 9-3%). It is insoluble in acids, but readily soluble in 
alkalis. An attempt to methylate it to diacetyldianisidine did not 
give any product insoluble in alkali. 

Dehydration. The diacetyl compound (0-75 g.) was heated at 
300—320° for ? hour and the dianhydro-derivative (IV) extracted 
from the dark mass with boiling alcohol. The extract was filtered 
and diluted at its boiling point with water, a little animal charcoal 
added, and the filtered solution allowed to crystallise (yield, 45%). 
The anhydro-compound is very soluble in benzene, chloroform, 
acetic acid and hot alcohol and crystallises from the last solvent in 
ill-defined plates, m. p. 164—165° (Found: N, 10-5. C,,H,,0,N, 
requires N, 10-6%). It is insoluble in hot alkalis but dissolves in 
concentrated hydrochloric acid. If this solution is diluted some- 
what and heated, dihydroxybenzidine remains in the solution as the 
hydrochloride. A white precipitate which was noticed in some 
experiments was dissolved by caustic soda and was probably the 
diacetyl derivative. 

The dihydroxybenzidine obtained from the sulphate was also 
converted into the diacetyl compound and its dianhydro-derivative 
and these were shown to be identical with those described above. 


The authors gratefully acknowledge their indebtedness to Pro- 
fessor Lapworth for his interest in this investigation and to the 
Department of Scientific and Industrial Research for maintenance 
grants which enabled them to undertake it. 
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XXII.—Synthetical Experiments in the isoFlavone 
Group. Part IV. A Synthesis of 2-Methylirigenol. 


By Witson Baker and RoBert RosInson. 


IRIGENOL, obtained by the demethylation of irigenin (de Laire and 
Tiemann, Ber., 1893, 26, 2010), has receritly been proved to be 
5:6:7:3':4':5'-hexahydroxyisoflavone (Baker, J., 1928, 1022). 
The synthesis of 2-methylirigenol (I) is now described and a com- 
parison of this substance with irigenol itself fully substantiates the 
correctness of the previous work. This paper is, therefore, Part I’ 
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of the series Synthetical Experiments in the isoFlavone Group and 
also Part II of The Constitution of Irigenin and Iridin. 

The synthesis was carried out by methods which have been used 
to prepare other 2-substituted isoflavones (Baker and Robinson, 
Part I, J., 1925, 127, 1981; Part IT, 1926, 2713; Part III, 1928, 
3115), the starting materials being 4 : 5-dimethoxyresorcinol (IT) 
and 3:4: arnt te er ag (ITT). 


MeO 


HO ‘Me 
HO ge) OH ou PK PO 
HO <7 MeO Me 
(I.) (II.) (IIT.) 

4:5-Dimethoxyresorcinol (II) has recently been obtained by 
hydrolysis of irigenin 5:3’- and 7: 3’-dimethyl ethers (Baker, 
loc. cit.), and has been synthesised by Chapman, Perkin, and Robin- 
son (J., 1927, 3015) from 4 : 6-dinitroguaiacol through 3 : 5(4 : 6)- 
dinitroveratrole and 3 : 5(4 : 6)-diaminoveratrole. The tedious pro- 
cesses involved in the preparation of (II) have been somewhat 
simplified by the observation that 4: 6-dinitroguaiacol can be 
obtained in excellent yield by the direct nitration of guaiacol in 
ethereal solution with nitrous fumes. The nitrile (III) was pre- 
pared from 3:4: 5-trimethoxybenzaldehyde, which was itself 
obtained by the reduction of the corresponding acid chloride in 
boiling xylene solution with hydrogen in the presence of palladin- 
ised barium sulphate, an application of Rosenmund’s method (Ber., 
1918, 51, 585, 591). Condensation of the aldehyde with hippuric 
acid, followed by alkaline hydrolysis of the azlactone, gave 3 : 4: 5- 
trimethoxyphenylpyruvic acid, the oxime of which when heated 
with acetic anhydride gave (III). 

Condensation of (II) and (III) under the conditions of the Hoesch 
synthesis gave as the only product 2 : 6-dihydroxy-3 : 4-dimethoxy- 
phenyl 3:4: 5-trimethoxybenzyl ketone (IV). The constitution 


MeO” NOH OMe — MeO A cate OMe 
Me O-CH,< OMe MeO 


iv.) HO OMe (V.) 


assigned to this ketone follows from the fact that the chromone 
produced by boiling it with a mixture of acetic anhydride and 
sodium acetate and then hydrolysing the acetoxy-group has the 
properties of a 5- and not a 7-hydroxy-derivative. Its phenolic 
function is very weak and its behaviour with ferric chloride leaves 
10 doubt that the free hydroxyl group occupies position 5. This 
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reactivity of 4: 5-dimethoxyresorcinol in position 2 has already 
been observed in the preparation of 2 : 6-dihydroxy- : 3 : 4-tri- 
methoxyacetophenone by its condensation with methoxyaceto. 
nitrile (Baker, Nodzu, and Robinson, this vol., p. 74). The 
direction of ring closure was established by methylating the free 
hydroxyl group by vigorous treatment with methyl sulphate and 
decomposing the product with alkali; antiaro] (3 : 4 : 5-trimethoxy- 
phenol) and 3 : 4: 5-trimethoxyphenylacetic acid were then obtained. 
‘ The methylated chromone was therefore 5: 6:7 : 3’: 4’: 5’-heza- 
methoxy-2-methylisoflavone (2-methylirigenin trimethyl ether), and 
the deacetylated product of the ring closure was » 5-hydroxy- 
6:7: 3':4' : 5’-pentamethoxy-2-methylisoflavone  (2-methylirigenin 
7 : 3’-dimethyl ether) (V). It appears to be a general rule that when 
a derivative of 1:2:3:5-tetrahydroxybenzene undergoes ring 
closure, it is the hydroxyl group in position 5 which is concerned. 
For instance, Bargellini (Gazzetta, 1919, 49, 47), by heating 
2:3:4:6-tetramethoxyphenyl phenacyl ketone with hydriodic 
acid, obtained 5 : 6 : 7-trihydroxyflavone or, by heating for a short 
time only, 5:6: 7-trimethoxyflavone, and in a similar manner 
(ibid., 1915, 45, 69) 2:3: 4:6-tetramethoxypheny! p-methoxyphen- 
acyl ketone gave only 5:6:7: 4’-tetrahydroxyflavone (scutellar- 
ein). Again, Chapman, Perkin, and Robinson (loc. cit.) showed 
that iretol yielded pyrylium salts having hydroxy] groups in positions 
5, 6, and 7, and finally 2 : 6-dihydroxy-w : 3 : 4-trimethoxyaceto- 
phenone, when heated with veratric anhydride and sodium veratrate, 
gave quercetagetin pentamethyl ether (Baker, Nodzu, and Robinson, 
loc. cit.). 

Demethylation of (V) gave 5:6:7:3':4': 5’-hexahydroxy-2- 
methylisoflavone (2-methylirigenol) (1). In its appearance, re- 
actions with alkali, ferric chloride, etc., it is indistinguishable 
from irigenol and, as a dye, the colours produced on wool mordanted 
with aluminium, tin, chromium, and iron are identical with those 
given by irigenol. (The dyeing properties of 2-methylgenistein— 
not previously recorded—are identical with those of genistein 
itself.) 

With the object of synthesising irigenin trimethyl ether by the 
methods previously used (Parts I, II, and IIT), the ketone (IV) was 


Me CH:CHPh _OMe 
Me : OMe moo em -CO-NH, 


ae dapper 
HO CO (VI.) “OMe Moo (VII.) 


heated with a mixture of cinnamic anhydride and sodium cinnamate, 
giving 5-hydroxy-6 : 7 : 3’: 4’ : 5’-pentamethoxy-2-styrylisoflavone (V1). 
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The methyl ether of this compound could not be successfully 
oxidised in pyridine solution with potassium permanganate to a 
substituted isoflavone-2-carboxylic acid, but the labour involved 
in its preparation prevented the experiment from being carried 
out on as large a scale as was desirable. 

Iridamide (3-hydroxy-4 : 5-dimethoxyphenylacetamide) (VII) was 
prepared by the action of aqueous ammonia upon methyl iridate. 
Attempts to bring about direct dehydration to the nitrile were 
unsuccessful. 


The Reactivity of Some Phenolic Ethers. 


The persistent reactivity of 4 : 5-dimethoxyresorcinol in position 2 
has led to the investigation of the reactive centres of other phenolic 
ethers under parallel conditions. 

Resorcinol monomethy] ether was found by Gattermann (Annalen, 
1907, 357, 346) to give only 4-hydroxy-2-methoxybenzaldehyde, 
and Hoesch (Ber., 1915, 48, 1122) found that by the action of 
acetonitrile it gave about equal quantities of the two isomeric 
ketones pzeonol and isopzeonol. It has now been found that the 
Hoesch synthesis with phenylacetonitrile gives approximately 3 parts 
of 2-hydroxy-4-methoxyphenyl benzyl ketone to 1 part of 4-hydroxy- 
2-methoxyphenyl benzyl ketone, the orientation of the first being 
established by ring closure with sodium acetate and acetic anhydride 
to 7-methoxy-2-methylisoflavone. It has usually been found that 
this closure could not be effected with derivatives of pzeonol (Crab- 
tree and Robinson, J., 1918, 143, 864; Baker and Robinson, J., 
1925, 127, 1430), but it appears that the reaction takes place if a 
large excess of the reagents is used and sufficient time is allowed 
(compare Nagai, Ber., 1892, 25, 1284; Kostanecki and Rézycki, 
Ber., 1901, 34, 102). 

Phloroglucinol monomethyl ether yields an aldehyde by Gatter- 
mann’s reaction (Herzig and Wenzel, Monatsh., 1903, 24, 857) 
shown by Pratt and Robinson (J., 1924, 125, 188) to be 2: 4- 
dihydroxy-6-methoxybenzaldehyde. The Hoesch reaction with 
n-butyronitrile (Karrer, Helv. Chim. Acta, 1919, 2, 466) gives a 
mixture of 2 : 4-dihydroxy-6-methoxyphenyl n-propyl ketone and 
2: 6-dihydroxy-4-methoxyphenyl n-propyl ketone, and _ benzo- 
nitrile (idem, ibid., p. 486) gives only 2 : 4-dihydroxy-6-methoxy- 
benzophenone (isocotoin). 

Orcinol monomethyl ether was found by Gattermann (loc. cit.) 
to give only 4-hydroxy-2-methoxy-6-methylbenzaldehyde, this 
orientation being confirmed by Hirst (J., 1927, 2490), and Hoesch 
(loc. cit.) prepared from it by the action of acetonitrile a mixture 
of the 2-methyl ether of orcacetophenone and a slightly smaller 
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amount of the corresponding 4-methyl ether. The Hoesch reaction 
with phenylacetonitrile (this paper) gives chiefly 4-hydroxy-2. 
methoxy-6-methylphenyl benzyl ketone and about one-sixth the 
amount of 2-hydroxy-4-methoxy-6-methylphenyl benzyl ketone. The 
orientation of the last substance was established by conversion into 
7-methoxy-2 : 5-dimethylisoflavone. 


* EXPERIMENTAL. 


4 : 6-Dinitroguaiacol—_A mixture of concentrated hydrochloric 
acid (425 c.c.) and water (425 c.c.) was gradually added during 
several hours to a solution of sodium nitrite (250 g.) in water (1 1.) 
underlying one of guaiacol (50 g.) in ether (750 c.c.) (compare 
dinitration of isocreosol ; Graesser-Thomas, Gulland, and Robinson, 
J., 1926, 1973). After 12 hours, the ether was removed in a current 
of air, leaving dinitroguaiacol, m. p. 119—121-5° (47 g.). 

3 : 5(4 : 6)-Dinitroveratrole.—Methyl] sulphate (150 g., redistilled) 
was added to a constantly stirred mixture of 4 : 6-dinitroguaiacol 
(50 g.), potassium carbonate (75 g.), and xylene (25 c.c.) heated 
for 2 hours at 130°. Water (500 c.c.) was added, the xylene dis- 
tilled off, and the hot solution rendered alkaline by sodium hydroxide 
and cooled while being shaken (yield, 55 g.; m. p. 99—100°). 

3 : 5(4 : 6)-Diaminoveratrole and 4 : 5-Dimethoxyresorcinol (ITI) (see 
Chapman, Perkin, and Robinson, loc. cit.).—3 : 5-Diaminoveratrole 
crystallises from alcohol in colourless, approximately octahedral 
crystals, m. p.106° (Found : C, 57-1; H, 7-3; N, 16-8. C,H,,0,N, 
requires C, 57-1; H, 7-2; N, 167%). It is readily soluble in 
water; the solution darkens on keeping and gives a reddish-brown 
coloration with nitrous acid. The dimethoxyresorcinol is best 
obtained, after the hydrolysis, by extraction with chloroform and 
is then crystallised directly from a little water (charcoal), large 
prisms of the monohydrate, m. p. 74°, separating. By heating to 
100° it melts and then solidifies to the anhydrous substance, m. p. 
115°. Yield from 30 g. of dinitroveratrole, about 5 g. The un- 
hydrolysed diamine may be recovered by concentration and 
hydrolysed as before. 

3:4: 5-Trimethoxybenzaldehyde.—This substance was first pre- 
pared by Stephen’s method (J., 1925, 127, 1874), but the process 
is tedious and not suitable for the preparation of the aldehyde in 
quantity, the yields being only about 10—20% from the nitrile. © 

3 : 4: 5-Trimethoxybenzoyl chloride (25 g.) in dry xylene (100 
c.c.) was reduced at the boiling point in the presence of palladinised 
barium sulphate (5 g.; Ber., 1919, 52, 409) by a slow stream of 
pure hydrogen for 6 hours (see Rosenmund, Joc. cit.). Evolution 
of hydrogen chloride ceased in about 5 hours. The filtered liquor 
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was shaken with saturated sodium bisulphite solution (45 c.c.) and 
the solid bisulphite compound was filtered off, washed with ether, 
and decomposed with hydrochloric acid, yielding the pure aldehyde, 
m. p. 74—75° (10—11 g.). 

3:4: 5-T'rimethoxyphenylpyruvic Acid.—The condensation of the 
foregoing aldehyde with hippuric acid, the hydrolysis to the sub- 
stituted pyruvic acid, and the preparation of its oxime have been 
described by Mauthner (Ber., 1908, 41, 3662), who, however, 
worked with very small quantities. Since, moreover, difficulty 
was experienced with the initial condensation and the subsequent 
steps proved to be unnecessarily tedious, the simpler methods 
used in this investigation are recorded. 

3:4: 5-Trimethoxybenzaldehyde (15 g.), hippuric acid (22-5 g.), 
and anhydrous sodium acetate (7-5 g.) were finely ground and 
heated in a boiling water-bath with acetic anhydride (40 c.c.) for 
6 minutes while being constantly stirred; the bright yellow, crystal- 
line precipitate at first produced just dissolved. Alcohol (10 c.c.) 
was added to the cooled mixture and the azlactone was collected 
and washed with alcohol and with hot water (average yield, 17 g.). 
The azlactone (30 g.) was boiled with a solution of sodium hydroxide 
(15 g.) in water (90 c.c.) for 1 hour, water (100 c.c.) was added, the 
solution saturated with sulphur dioxide (compare Haworth, Perkin, 
and Rankine, J., 1924, 125, 1693), and after a few hours the benzoic 
acid was filtered off. The filtrate was heated on the water-bath 
with excess of hydrochloric acid for 1 hour; 3:4: 5-trimethoxy- 
phenylpyruvic acid (16—17 g.) was then deposited. The quinox- 
aline derivative (Mauthner, loc. cit.), prepared by condensation 
with o-phenylenediamine, crystallised from alcohol in tiny needles, 
m. p. 196—197°, containing 4EtOH (Found in material dried at 
100°: N, 8-0. Found in material dried at 130°: N, 8-5. Cale. 
for C,,H,,0,N,,4EtOH: N, 80%. Cale. for C,gH,,0,N,: N, 
86%). 

3:4: 5-Trimethoxyphenylacetonitrile (II1).—3 : 4: 5-Trimethoxy- 
phenylpyruvic acid (10 g.) and hydroxylamine hydrochloride (8 g.) 
dissolved in aqueous sodium hydroxide (100 c.c.; 8%) were warmed 
at 50° for a few minutes. After 12 hours, addition of hydrochloric 
acid threw down the oxime as an oil which rapidly crystallised 
(10 g.). The dry oxime (10 g.) was heated with acetic anhydride 
(5 ¢.c.) on the steam-bath and when the vigorous reaction had 
abated (2—3 minutes) water (50 c.c.) was added and the mixture 
shaken. The product rapidly crystallised and was collected and 
washed with dilute sodium bicarbonate solution. 3: 4: 5-T'ri- 
methoxyphenylacetonitrile crystallises from benzene-ligroin or from 
carbon tetrachloride in irregular fern-like crystals, m. p. 77° (Found : 
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C, 63-6; H, 61; N, 6-8. C,,H,,0,N requires C, 63-7; H, 63; 
N, 68%). The corresponding 3 : 4 : 5-trimethoryphenylacetamide 
was prepared by dissolving the nitrile (5 g.) in 95% sulphuric acid 
(25 c.c.) and after 24 hours pouring the solution on crushed ice 
and extracting the amide with chloroform. The extracts were 
shaken with a little saturated sodium bicarbonate solution and 
yielded a solid residue which crystallised from benzene in prismatic 
needles, m. p. 121° (Found : N, 6-2. C,,H,,0O,N requires N, 6-2%). 

2 : 6-Dihydroxy-3 : 4-dimethoxyphenyl 3:4: 5-Trimethoxybenzyl 
Ketone (IV).—A solution of 3: 4 : 5-trimethoxyphenylacetonitrile 
(2-1 g.) and anhydrous 4 :5-dimethoxyresorcinol (1-8 g.) in dry 
ether (60 c.c.) was saturated with hydrogen chloride at 0° in presence 
of anhydrous zine chloride (0-5 g.). After 12 hours, the ketimine 
was completely precipitated by the addition of dry ether (100 c.c.), 
washed with ether, and hydrolysed by boiling for 4 hour with 
dilute hydrochloric acid (50 c.c.). The ketone (2 g.) crystallised 
from methyl alcohol (charcoal) in tiny colourless prisms, m. p. 162° 
(Found: C, 60-1; H, 6-0. C, H,,0, requires C, 60-3; H, 5-9%). 
No isomeric ketone could be detected in the mother-liquors. 2 : 6- 
Dihydroxy-3 : 4-dimethoxyphenyl 3:4: 5-trimethoxybenzyl ketone 
gives pale yellow solutions in dilute alkalis and in concentrated 
sulphuric acid, and its alcoholic solution develops a dull greenish- 
violet colour with a trace of ferric chloride, changing to dull 
greyish-olive with excess. 

5-Hydroxy -6 : 7 : 3’ : 4’ : 5'-pentamethoxy-2-methylisoflavone (2- 
Methylirigenin 7 : 3'-Dimethyl Ether) (V).—The ketone (IV) (1-5 g.), 
anhydrous sodium acetate (1-5 g.), and acetic anhydride (10 c.c.) 
were heated at 180° for 6 hours. The homogeneous acetyl deriv- 
ative, isolated by shaking the product with dilute hydrochloric 
acid, crystallised from alcohol in small colourless prisms, m. p. 
232—233° (Found: C, 62-0; H, 5-6. C,,H,,0, requires C, 62:1; 
H, 55%). The parent substance was obtained by heating the 
acetyl derivative in alcohol for a few minutes with a little con- 
centrated potassium hydroxide solution. Addition of water threw 
down tiny crystals which subsequently separated from alcohol in 
very pale yellow, silky needles, m. p. 179—180° (Found: C, 62:4; 
H, 5-6. C,,H,,0, requires C, 62-7; H, 5-5%). This substance (V) 
is quite insoluble in aqueous alkalis, but dissolves readily in alcoholic 
potassium hydroxide to a bright yellow solution. Its alcoholic 
solution gives an intense, dull violet colour with a trace of ferric 
chloride, changing to deep olive-green with excess. In these ways 
its behaviour resembles that of the corresponding irigenin 7 : 3’-di- 


methyl ether. 
5:6:7:3':4' : 5’-Hexamethowy-2-methylisoflavone (2-Methyliri- 
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genin T'rvmethyl Ether)—The compound (V) was treated in boiling 
methyl-alcoholic solution with a large excess of methyl sulphate 
and methyl-alcoholic potassium hydroxide. Addition of water 
caused the precipitation of crystals, which were suspended in a 
little methyl alcohol and, after addition of a few drops of alkali to 
dissolve a trace of unmethylated substance, were collected and 
crystallised from methyl alcohol, giving small, colourless, lustrous 
prisms, m. p. 166° (Found: C, 63-3; H, 5-8. C,.H,,0, requires 
C, 63-4; H, 58%). Decomposition with concentrated alkali at 
180° and isolation of the products as described in the case of irigenin 
trimethyl ether (Baker, loc. cit.) gave antiarol, m. p. 147°, and 
3:4: 5-trimethoxyphenylacetic acid, m. p. 120°. 

5:6:7:3':4' : 5'-Hexahydroxy-2-methylisoflavone (2-Methyliri- 
genol) (1).—Demethylation of (V) was effected by heating with 
10 times its weight of hydriodic acid (d 1-7) at 130° for 1 hour. 
The product, isolated by the addition of water, crystallised from 
50% acetic acid in tiny, glistening, yellow prisms, m. p. 325° 
(decomp., rapid heating) (Found: C, 53-3; H, 43; H,O, 7-2. 
C,gH,.0,,14H,O requires C, 53-5; H, 4-2; H,O, 7-5%). 2-Methyl- 
irigenol in its appearance and in its behaviour with alkali, ferric 
chloride, and sodium amalgam in alcoholic solution is indistinguish- 
able from irigenol, but is rather more soluble in the usual organic 
solvents. Methylation with methyl sulphate in an atmosphere of 
hydrogen gave its hexamethyl ether, m. p. 166°, identical with the 
methyl ether of 5-hydroxy-6 : 7 : 3’ : 4’ : 5’-pentamethoxy-2-methyl- 
isoflavone. 

5-Hydroxy-6 :'7 : 3’: 4’ : 5'-pentamethoxy-2-styrylisoflavone (V1).— 
The cinnamoylation of the ketone (IV) was effected as described in 
Part II (loc. cit.) for the preparation of 5 : 7-dihydroxy-4’-methoxy- 
2-styrylisoflavone. After hydrolysis of the product with alcoholic 
potassium hydroxide and dilution, the substance was precipitated 
with ‘carbon dioxide and successively crystallised from alcohol, 
acetic acid, and ethyl acetate, being obtained in tiny bright yellow 
needles, m. p. 270° (Found: C, 68:3; H, 5-6. C,,H,,0, requires 
C, 68-5; H, 5-4%). It is insoluble in aqueous alkalis and very 
sparingly soluble in alcohol; the solution, however, develops a 
brownish-green coloration with ferric chloride. The methyl ether 
was obtained by shaking an acetone solution with methyl sulphate 
and aqueous potassium hydroxide (compare methylation of 5- 
hydroxy-7 : 4’-dimethoxy-2-styrylisoflavone; Baker and Robinson, 
Part III, loc. cit.). The pale yellow product was suspended in 
methyl alcohol containing a little potassium hydroxide, collected, 
and crystallised repeatedly from methyl alcohol, being ultimately 
obtained in very pale yellow, hair-like needles, m. p. 214—215°. 
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It exhibits no colour with ferric chloride, and gives no alkali salt 
in acetone or other solvents. 

Iridamide (VII).—The alkaline hydrolysis of irigenin (20 g,) 
gave pure iridic acid (5 g.) by the following modification of the 
method of de Laire and Tiemann (loc. cit.). To the acidified pro- 
duct, an equal volume of water and a little charcoal were added, 
and the solution was filtered, made alkaline by sodium hydroxide, 
saturated with carbon dioxide, extracted with ether, and again 
acidified. The iridic acid now obtained by extraction with ether 
crystallised from a little water in colourless prisms, m, p. 118°. 
The acid was converted into the methyl ester (5 g.; de Laire and 
Tiemann), which was dissolved in concentrated aqueous ammonia 
(2 0-880) and left in a closed vessel for 24 hours. The solution 
was evaporated, the dark sticky residue dissolved in warm alcohol, 
much ether added, and a dark flocculent precipitate removed by 
filtration. The filtrate yielded an oil which rapidly crystallised. 
This was dissolved in acetone, and benzene added to the hot solu- 
tion, which was then treated with charcoal and filtered, and the 
acetone distilled off. On seeding, large, many-faced prisms slowly 
separated, which were again crystallised from a small quantity of 
water (charcoal), being thus obtained colourless and of m. p. 113° 
(Found: N, 6-7. C,oH,,0,N requires N, 6-6%). Jridamide is 
sparingly soluble in benzene and ether and easily soluble in alcohol 
and acetone. In aqueous solution it gives a weak green coloration 
with ferric chloride and is exceedingly readily hydrolysed to iridic 
acid. ' 

Condensation of Phenylacetonitrile with Resorcinol Monomethyl 
Uther —A solution of the nitrile (15 g.) and resorcinol monomethy! 
ether (15 g.) in ether (150 c.c.) was saturated with hydrogen chloride 
at 0° in presence of anhydrous zinc chloride (2-5 g.). After 48 
hours, water was added and the excess of phenylacetonitrile removed 
in steam. The mixed ketones were dissolved in ether and shaken 
twice with excess of 1% aqueous sodium hydroxide. The ethereal 
layer yielded a residue (6-7 g.) of almost pure 2-hydroxy-4-methoxy- 
phenyl benzyl ketone, m. p. 90° (see Tambor, Ber., 1910, 43, 1884). 
This compound is insoluble in cold dilute alkaline solutions, and its 
alcoholic solution becomes red on the addition of ferric chloride. 
The constitution assigned to this substance by Tambor (loc. cit.) 
was confirmed by heating it for 18 hours at 180° with a large excess 
of acetic anhydride and about 5 times its weight of sodium acetate: 
it then yielded 7-methoxy-2-methylisoflavone, m. p. 135-5°, identical 
with that prepared by the methylation of 7-hydroxy-2-methyliso- 
flavone (Part I, loc. cit.). 

The 1% sodium hydroxide washings were acidified and extracted 
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with ether, and the extract was dried and distilled, yielding re- 
sorcinol monomethy] ether, b. p. 152°/20 mm., and a fraction, b. p. 
260—265°/13 mm., which rapidly solidified and then crystallised 
from ether-ligroin in colourless granular crystals (2-1 g.), m. p. 113° 
(Found: C, 744; H, 5-8. C,;H,,0, requires C, 74:4; H, 58%). 
4-Hydroxy-2-methoxyphenyl benzyl ketone possesses normal phenolic 
properties and gives a brownish-violet ferric chloride reaction. 
The acetyl derivative erystallises from alcohol in diamond-shaped 
thombohedra, m. p. 68°. 

Condensation of Phenylacetonitrile with Orcinol Monomethyl Ether. 
—A solution of orcinol monomethyl ether (20 g.) and phenyl- 
acetonitrile (20 g.) in dry ether (100 c.c.) was saturated with hydrogen 
chloride at 0° in presence of anhydrous zinc chloride (5 g.). After 
24 hours, water at 0° was added and the resulting aqueous solution 
of the mixed ketimines was hydrolysed on the steam-bath. Ether-— 
benzene extracted a solid, from which the ketones were separated 
by fractional crystallisation from ether—ligroin. Thin, colourless, 
diamond-shaped plates first separated, followed by clusters of 
colourless needles. The two substances were sorted out and each 
was separately crystallised from ether-—ligroin. 

The plate form (2-6 g.) has m. p. 93° (Found: C, 74:9; H, 6-2. 
Ci gH 03 requires C, 74-9; H, 6-3%) and is 4-hydroxy-2-methoxy- 
6-methylphenyl benzyl ketone. It is exceedingly soluble in ether, 
alcohol, methyl alcohol, benzene, and acetone. Its alcoholic solu- 
tion gives with ferric chloride a very pale yellow colour. The 
acetyl derivative crystallises from alcohol in thin rhombic plates, 
m. p. 88°. 

The needles (0-4 g.) have m. p. 110° (Found: C, 75-1; H, 6-3. 
C,gH,,0, requires C, 74:9; H, 639%) and consist of 2-hydroxy- 
4-methoay-6-methylphenyl benzyl ketone. It is much less soluble 
in ether than its isomeride, and gives a strong purplish-brown ferric 
chloride reaction. By heating at 180° for 12 hours with an equal 
weight of sodium acetate and excess of acetic anhydride, isolation 
of the product, and acetylation as before, a substance was obtained 
which crystallised from methyl alcohol in colourless needles, m. p, 
165° (Found: C, 77:2; H, 5-9. C,gH,,0, requires C, 77-1; H, 
58%). This substance contains no acetoxy-group, dissolves in 
concentrated sulphuric acid to a colourless solution exhibiting a 
blue fluorescence, and is therefore 7-methoxy-2 : 5-dimethylisoflavone. 


The authers’ thanks are due to the Chemical Society for a grant 
which has defrayed part of the cost of this investigation. 


Ture Dyson Perrins LABORATORY, 
Oxrorp. [Received, November 27th, 1928.] 
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XXIII.—Molecular Structure in Solution. Part IV. 
The Densities, Viscosities, and Electrical Con- 
ductivities of Aqueous Solutions of Cobalt Chloride 
and Hydrochloric Acid at Different Temperatures. 


By Own Ruys How8_t. 


THE change in colour of aqueous solutions of cobalt chloride from 
red to blue on addition of hydrochloric acid has already been 
investigated by examining the physical properties at a constant 
temperature (20°) of two series of solutions, the one containing a 
fixed amount of cobalt chloride with increasing concentrations of 
hydrochloric acid, and the other with exactly the same concentra- 
tions of hydrochloric acid alone. By taking the differences between 
the values for corresponding members of the two series and plotting 
these against the concentration of acid, it was possible to follow 
the effect of the increasing acid concentration on the cobalt in 
solution. The densities and viscosities (J., 1927, 158), refractive 
indices and surface tensions (ibid., p. 2039), and electrical conduc- 
tivities (ibid., p. 2843) were determined, and the results indicated 
that the effect of addition of hydrochloric acid is to throw the cobalt 
atom out of its association with six molecules of water, Co(H,0),”, 
which is red, into one with four groups or atoms, probably CoCl,”, 
which is blue’ 

It was deemed of interest to examine along similar lines the 
exactly similar colour change which occurs when an aqueous cobalt 
solution is heated. 

In the presence of hydrochloric acid the change of colour takes 
place more readily : the higher the concentration of acid, the lower 
the temperature at which the change occurs. In order to follow the 
change as far as possible into the blue region, an acidified solution 
was therefore chosen for the investigation. 

The solution employed contained 120 g. of CoCl,,6H,O per litre, 
as did the one series in the previous investigations, and it. was also 
made 4N with respect to hydrochloric acid. At room temperature 
it is red with a distinct violet tinge and has the “ muddy ” appear- 
ance typical of the solutions containing both red and blue forms. 
At 0° it is bright red and perfectly clear and “ clean”; at 60° it is 
blue and again quite clear. 

The comparison solution was 4N-hydrochloric acid alone. The 
densities, viscosities, and electrical conductivities of these two solu- 
tions have been measured at intervals of 5° from 0° to 80°. The 
determinations thus extend over a range of colour about the same 
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as that in the previous investigations, and since the concentration 
of cobalt is the same in all, the results are directly comparable. 


EXPERIMENTAL. 


Solutions.—The solutions were prepared in the same way and 
from the same materials as for former investigations, and were 
filtered through fused Jena-giass Gooch crucibles. The concen- 
tration of acid was determined by titration against pure dry sodium 
carbonate, and the concentration of cobalt chloride was checked by 
estimating the total chlorine in the solution gravimetrically as silver 
chloride. All concentrations were determined at 18°. 

Temperature Control.—All measurements were made in a gas- 
regulated thermostat with a glass front and back. For the higher 
temperatures the water was covered with a layer of high-boiling 
paraffin. 

Temperatures below atmospheric were obtained in what is 
believed to be a novel manner. A stream of water from the mains 
was run through a constant-level device to secure a fixed head and 
thence through a copper coil cooled in ice. The steady stream of 
ice-cold water'thus obtained was led through a similar coil immersed 
in the water filling the thermostat and then discharged into it, the 
thermostat being fitted with a constant-level arrangement for over- 
flow. In this manner a perfectly even and easily regulated cooling 
effect was applied to the thermostat, similar to that caused by 
radiation from thermostats at temperatures above atmospheric. 
It was counterbalanced by the gas flame working through the 
regulator in the usual way, and the temperature could be kept 
constant to within + 0-02° as easily as at higher temperatures. 

Two standard thermometers were employed, newly calibrated at 
the National Physical Laboratory to the nearest 0-05°. 

Determination of Density.—Densities were determined as in 
previous investigations with a bottle of about 25 c.c. capacity made 
of Pyrex glass. For temperatures below atmospheric and also 
above 60°, a pyknometer was employed. The values adopted for 
water were those of Thiesen (Landolt and Bérnstein, ‘‘ Tabellen,” 
1923, 73). For the highest temperatures there may be an error of 
one unit in the last place of decimals; for the others, it is less 
than this. 

Determination of Viscosity.—Viscosities were determined by 
means of viscometers of the form previously described: For this 
series of measurements, they were made of Pyrex glass and were 
found to be effective in preventing loss through evaporation. The 
time of flow was taken by means of a stop-watch reading to 0-1 sec., 
and was reproducible to within this limit in every determination. 
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Since the minimum time of flow in the whole series was 240 seconds, 
the results are correct to within 0-1%. 

The values for the viscosity of water at different temperatures 
given by various observers are not in good agreement. The values 
used here are the means of those of Hosking (Phil. Mag., 1909, 17, 
502; 18, 260) and of Bingham and White (Z. physikal. Chem., 
1912, 80, 670) up to 25°; beyond 25°, Hosking gives his results to 
only three significant figures, and those of Bingham and White are 
therefore taken, except for 60°, where the given value is evidently 
too high and the mean is again accepted. 

Determination of Conductivity.—Electrical conductivities were 
determined in the cell already described (loc. cit.). For every 
determination at least four different resistances were used in the 
circuit, the mean point of balance was taken after several trials, 
and the conductance of the cell calculated for each. The. values 
were in every instance within 0-1% of the mean. 

The cell constant was determined by using N-potassium chloride 
solution prepared from the pure dried salt (Kahlbaum’s). Deter- 
minations were made at each working temperature from 0° to 25°, 
over which range the conductivity of this solution is known 
(Kohlrausch, Holborn, and Diesselhorst, Wied. Ann., 1898, 64, 
417), and almost identical values were obtained for the cell 
constant. Calculations from the dimensions of the cell showed 
that the variation over the whole range of temperature should be 
less than 0-05%, and therefore the mean of the values obtained 
experimentally was used for all the estimations. 


Results. 


Densities.—The densities of the two solutions (cobalt chloride 
with 4N-hydrochloric acid, and 4N-acid alone) are given in cols. 2 
and 4 respectively of Table I. The results at 20°, viz., 1-:1209 and 
1-0657, are almost identical with those interpolated for the same 
solutions from the previous investigation, viz., 1-1209 and 1-0656, 
respectively. The densities are plotted against the temperature in 
Fig. 1. It is seen that both curves are perfectly smooth and con- 
tinuous. They are both represented by an equation of the form 
d,. = dy(1 — at — RB), where « and @ are constants. The values 
of the constants for the two solutions are : 


CoCl, + HCl: « = 307 x 10-*; 8B = 140 x 10°; 
HClalone: «= 289 x 10°; 68 = 142 x 10°; 


and the calculated values are given in cols. 3 and 5 respectively. 
It is seen that the agreement between the observed and the cal- 
culated values is very fair; the maximum difference is two units 
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in the last place of decimals, and the average difference is less 
than one unit in both series. 

The density differences (7.e., the differences between the observed 
densities of the two solutions at each temperature) are given in 
col. 6 of Table I, and are plotted against the temperature in Fig. 1. 
The curve is quite smooth and continuous (see later). 


TABLE I, 


3. 4, 
Density, di. 

CoCl, + HCl, ; HCI alone, 

Difference 

Temp. obs. cale. obs. cale. (2—4). 
1-1287 1-1287 1-0725 1-0725 0-:0562 
1°1269 1-1269 1-0709 1-0709 0-0560 
1-1250 1-1251 1-0693 1-0693 0-0557 
1-1231 11231 1-0677 1-0675 0-0554 
1-1209 1-1211 1:0657 1-0657 0-0552 
1-1188 1-1190 1-0638 1-0638 0-0550 
1-1167 1-1169 1-0619 1-0618 0-0548 
1-1144 1-1146 1-0598 1-0598 0-0546 
1-1122 1-1123 1-0577 1-0577 0-0545 
1-1100 1-1099 1-0556 1-0555 0-0544 
1-1075 1-1074 1-0533 1-0532 0-0542 
1-1050 1-1049 1-0510 1-0509 0-0540 
1-1021 1-1022 1-0483 1-0484 0-0538 
1-0995 1-0995 1-0459 1-0459 0-0536 
1-0967 1-0967 1-0433 1-0433 0-0534 
1-0940 1-0938 1-0408 1-0407 0-0532 
1-0910 1-0909 1:0378 1-0380 0-0532 








TABLE IT. 


3. 4. 
Viscosity coefficient, ny. 
CoCl, + HCl, HCi alone, 

\ Difference 
obs. eale. obs. cale. (2—4). 
0-02358 0-02358 0-01958 0-01958 0-00400 
0-02077 0-02077 0-01729 0-01727 0-00348 
0-01842 0-01845 0-01533 0-01535 0-00309 
0-01647 0-01650 0-01375 0-01375 0-00272 
0-01486 0-01486 0-01241 0-01241 0-00245 
0-01345 0-01346 0-01125 0-01126 0-00220 
0-01225 0-01226 0-01028 0-01028 0-00197 
0-01120 0-01122 0-009419 0-009419 0-001781 
0-01031 0-01021 0-008649 0-008672 0-001661 
0-009519 0-009503 0-008012 0-008014 0-001507 
0-008821 0-008793 0-007443 0-007431 0-001378 
0-008191 0-008164 0-006923 0-006916 0-001268 
0-007608 0-007602 0-006448 0-006455 0-001160 
0-007102 0-007097 0-006041 0-006040 0-001061 
0-006654 0-006643 0-005667 0-005667 0-000987 
0-006218 0-006234 0-005321 0-005329 0-000897 
0:005844 0-005861 0-005003 0-005021 0-000841 
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Viscosities—The viscosities of the two solutions are given in 
Table II, cols. 2 and 4, and plotted against temperature in Fig. 2: 
both curves are again smooth and continuous. The results at 20°, 
viz., 001486 and 0-01241, may be compared with those calculated 
for the same solutions from the results obtained in previous inves- 
tigations, viz., 0-01487 and 0-01240, respectively. 


Fie. 1. 


Colour of the cobalt solution in transmitted light. 
Red tinge a 
—— -— Violet tinge. 
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Many equations have been suggested by different observers to 
express the relation between viscosity and temperature. Most of 
them give good agreement for non-associated, but not for associated 
liquids. The most satisfactory (see Thorpe and Rodger, Phil. 
Trans., 1894, A, 185, 397) is the second expression proposed by 
Slotte (Beibl., 1892, 16, 182), viz., m-= np-/(1 + 64)", which has 
been shown to reproduce the observed values for non-associated 
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liquids with great accuracy over wide ranges of temperature and 
to give good agreement for many associated liquids also. It is 
now shown that the equation also applies to solutions, even to those 
containing complexes. 

The equation is preferably written in the form y,,-/n,- = [(¢, + k)/ 
(t. + &)}°, where & and C are constants. It is most conveniently 
applied to a series of values over a wide range of temperature by 
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plotting the logarithms of the viscosities against the logarithms of 
(¢+-k) for different values of k. A few attempts soon fix that 
value of k which gives a perfectly straight line, and the slope of this 
line gives C. The calculated values are then readily obtained from 
the expression log x = K—C log (¢+ k), where K = log yy + 
Clogk. The values of the constants (k being given only to the 
nearest whole number) for the two solutions are 

CoCl, + HCl: & = 68; C = 1-790; 

HClalone: k= 64; C = 1-678; 
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and the calculated viscosities are given in cols. 3 and 5 of Table II. 
It is seen that the agreement is very good; the maximum deviations 
are 0-34% and 0-27%, and the average deviations only 0-15% and 
0-08% in the two series, respectively. Still more concordant values 
would doubtless result if the accepted viscosities for water were 
more trustworthy and if slight adjustments were made in the 
constants. The viscosity differences are given in col. 6 of Table II 
and are plotted against the temperature in Fig. 2; the curve is 
smooth and continuous (vide infra). 
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Electrical Conductivities.—The conductivities of the two solutions 
are given in Table III, cols. 2 and 4. The results at 20° may be 
compared with those for the same solutions read from the curves 
obtained in the previous investigations; the figures are 0-6287 and 
0-7440, as against 0-6290 and 0-7430. The result for hydrochloric 
acid at 25°, 0-8014, agrees well with that of Green (J., 1908, 93, 
2023), who found 0-8016 for the same solution. 

The conductivities are plotted against temperature in Fig. 3, 
and it is seen that both curves are again quite smooth and con- 
tinuous. They may both be represented by an equation of the 
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Tasxe III. 











-S 3. 4. 5. 6. 
Electrical conductivity, x,. 
CoCl, + HCl, HCI alone, 

Difference 

Temp. obs. cale. obs. cale. (2—4). 
0° 0-4360 0-4360 0-5217 0-5217 —0-0857 
5 0-4827 0-4827 0-5766 0-5763 —0-0939 
10 0-5310 0-5306 0-6318 0-6319 —0-:1008 
15 0-5788 0-5794 0-6873 0-6881 —0-1085 
20 0-6287 0-6290 0-7440 0-7449 —0-1153 
25 0-6795 0-6792 0-8014 0-8018 —0-1219 
30 0-7310 0-7297 0-8587 0-8589 —0-°1277 
35 0-7818 0-7806 0-9157 0-9157 —0-1339 
40 0°8317 0Q-8315 0-9719 0-9722 —0-°1402 
45 0-8823 0-8822 _ 1-028 1-028 —0:°1457 
50 0-9334 0-9328 1-083 1-083 —0-1496 
55 0-9818 0-9827 1-135 1-137 —0-1532 

60 1-032 1-032 1-188 1-189 . — 0-156 

65 1-080 1-081 1-238 1-240 — 0-158 

70 1-128 1-129 1-289 1-289 —0°161 

75 1-175 1-175 1-337 1-337 — 0-162 

1-222 1-220 1-385 1-382 — 0-163 




















form x, == kg: (1 + of + Bi — yl), where «, 8, and y are con- 
stants. The values of the constants for the two solutions are 


CoCl, + HCl: « = 0-02116; 8 = 5915 x 10-8; y = 5320 x 107°; 
HClalone: « = 0-02073; 6 = 4442 x 10°; y = 5748 x 10°%; 


and the calculated conductivities are given in cols. 3 and 5, 
respectively, of Table III. It is seen that the agreement is very 
good; the maximum deviations are 0:19% and 0-18%, respectively, 
and the average deviation is only 0-07% in each series. The 
conductivity differences are given in col. 6 of Table III and are 
plotted against the temperature in Fig. 3. It is seen that the 
curve is smooth and continuous (vide infra). 


Discussion of Results. 


In the previous series of experiments (loc. cit.) on the effect of 
the addition of hydrochloric acid to cobalt chloride in solution, the 
curves for the solutions of hydrochloric acid alone were all smooth 
and continuous and could be represented by comparatively simple 
expressions, but those for cobalt chloride with hydrochloric acid 
exhibited discontinuity, the differences curves being characterised 
by marked inflexion. 

Thus, the density-differences curve exhibited a point of inflexion ; 
the density difference at the concentration of acid at which the 
inflexion occurs, as read from the line joining the values at the 
extreme ends of the series, is 0-0503, whereas the actual value is 
0:0544, which is 8% greater. Similarly, the viscosity-differences 
a2 
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curve exhibited a maximum; the difference read from the straight 
line is 0-00182, and the actual value is 0-00276, which is 51% higher. 
Again, the conductivity differences curve exhibited a minimum, the 
differences being respectively +- 0-0095 and — 0-1230, which is 
1395% lower. 

In this series of experiments, on the other hand, the curves for 
these three properties of the solutions of hydrochloric acid both 
alone and with cobalt chloride are smooth and may be represented 
with nearly equal accuracy by simple expressions. Consequently 
the differences curves are also smooth. It follows that, although 
the colour change on the addition of hydrochloric acid to cobalt 
chloride solution and that on heating the solution appear precisely 
similar, the mechanism underlying the change is profoundly 
different. 

The curves ‘obtained in the previous investigations could be 
interpreted only on the hypothesis that on continued addition of 
hydrochloric acid to the cobalt chloride solution, the positively 
charged cobalt ions were progressively converted into negatively 
charged complex ions and that the point of inflexion (maximum 
or minimum) on the differences curves occurred when equal numbers 
of each were present and the attraction between them was conse- 
quently greatest. 

Since all the curves obtained in the present investigation are 
smooth, it follows that there is no change (or, at most, a negligibly 
small change) in the numbers of oppositely charged cobalt ions. 
The mechanism’ of the colour change which occurs on cooling or 
heating these acid solutions must therefore be different from that 
brought about by alteration of acid concentration (see above), and 
must be explained by the addition or subtraction, respectively, of 
two groups to or from each kind of ion without changing its charge. 
This can be effected only by addition or subtraction of water 
molecules, and the phenomenon is therefore one of hydration and 
dehydration according to the scheme 

heating 


———_> 
orgies quate Co(H,0),""| BI 
CoCl,(H,0),” =—~* CoC,” | 
of ee ee 
cooling 


The first explanation suggested to account for the change of 
colour of cobalt solutions, not only on heating, but also on addition 
of alcohol, acid, and certain salts, was that of hydration (von 
Babo, Jahresber., 1857, 72; Schiff, Annalen, 1859, 410, 203). 
Many investigations on the absorption spectra of cobalt solutions 


ue 
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led to the same conclusion (Russell, Proc. Roy. Soc., 1881, 32, 258 ; 
Hartley, Trans. Roy. Dublin Soc., 1900, 7, 253; J., 1903, 83, 401; 
Jones and Uhler, Amer. Chem. J., 1907, 37, 126), and the formation 
of definite aquo-complexes has been postulated (Hantzsch, Z. anorg. 
Chem., 1927, 159, 273; 166, 237; Gréh and Schmid, ibid., 162, 
321). 

The present investigations, however, show that the mechanism 
of the change of colour on addition of acid is different from that on 
heating, yet the two are explained and harmonised on the general 
theory of colour based on the number of groups surrounding the 
cobalt atom (Hill and Howell, Phil. Mag., 1924, 48, 833; compare 
Hantzsch and Shibata, Z. anorg. Chem., 1912, 73, 309; Hantzsch, 
loc. cit.). 

It may be noted that this work shows that not only the kation 
but also the complex anion is hydrated. Indeed, with a solution 
containing approximately equal numbers of the two kinds of ions, 
the change of colour to red (hydration chiefly of the anion) on 
cooling is far more rapid than the change to blue (dehydration of 
the kation) on heating. 

Although the differences curves obtained on addition of hydro- 
chloric acid to cobalt chloride solution differ essentially in form 
from those obtained on heating the solution, there is one feature in 
which they all resemble one another, namely, that they all tend 
eventually to become parallel to the axis of acid concentration or 
of temperature, showing that the change of the cobalt atom to the 
blue configuration is nearing completion. No further change being 
then possible, the physical properties of the cobalt solution com- 
pared with those of the acid alone become and remain constant. 
It is evident from the form of the curves obtained in this work, that 
dehydration of the cobalt ions would not be complete even at 100°. 


Summary. 


1. The densities, viscosities, and electrical conductivities of 
two aqueous solutions, one containing 120 g. of CoCl,,6H,O per 
litre with hydrochloric acid (4N) and the other hydrochloric acid 
(4N) alone, have been determined at intervals of 5° from 0° to 
80° and plotted against the temperature. 

2. The curves of each of the properties are smooth for both the 
solutions and expressions have been found for them which give 
good agreement with the observed values. 

3. The three differences curves are also smooth, unlike those 
obtained on continued addition of hydrochloric acid to cobalt 
chloride solution at constant temperature. 

4. Itis therefore concluded that the relative number of oppositely 
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charged cobalt ions in the solution is unchanged over the whole 
range of temperature and therefore during the colour change. 

5. Since the colour is determined by the number of groups 
surrounding the cobalt atom, it follows that the change must be 
due. to addition and subtraction of water molecules, leaving the 
charge of the ion unaltered. 

6. The change of colour is therefore due to hydration and dehy- 
dration on cooling and heating respectively. 

7. Both kation and anion are hydrated, gaining or losing two 
molecules of water on cooling or heating respectively, so that the 
total number of groups surrounding the cobalt atom is six when 
red and four when blue. 


MunicirpaL CoLLEGE or TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. [Received, September 17th, 1928.]} 





XXIV.—Properties of Conjugated Compounds. Pari 
VI. The Dibromination Products of Cyclic 


Butadienes. 


By Ernest Haro“tp Farmer and Wii1ii1am Datias Scorr. 


In foregoing papers of this series it has been pointed out that the 
migratory changes displayed by the dibromides of butadienoid 
hydrocarbons are fundamentally based on the propenoid change 
C:C-C —> C-C:C. The facile production of 1:4-, 1:6-, etc., 
compounds by isomerisation of the corresponding 1 : 2-forms 
suggests the possibility that all such derivatives of simple conjugated 
compounds may originate in addition at a single ethylenic linkage 
and not, wholly or partly, as the result of differential tendencies 
inherent in the butadienoid structure. It is sought, in continuing 
the examination of hydrocarbon addition products, to accumulate 
evidence entirely consistent with additive attack at a single ethylenic 
centre (whether the mechanism of differential orientation prove 
finally to be ionic in character or otherwise), and it is shown in this 
paper that in one instance investigated, namely, that of A1*%-cyelo- 
hexadiene, this is actually thecase. It isreasonable to assume that, 
in other cases where the issue is not so clear, the lack of definite 
evidence is due to failure to discover the correct experimental 
conditions which will enable the 1 : 2-products to be isolated. 
Bromination of A1'*-cycloHexadiene.—When A}‘*-cyclohexadiene is 
dibrominated in hexane or chloroform below — 15° and the solvent is 
removed immediately, without application of heat, a mixture of two 
isomeric dibromides—a liquid and a solid—is obtained. Each of 
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these substances passes readily into a third solid isomeride at room 
temperature or, more rapidly, on heating. The isomerisation of the 
original solid form is slow in the dry state (requiring several weeks), 
that of the liquid more rapid (8% at 15° in 25 hours, 40% at 100° in 
15 minutes); both forms change readily when dissolved in a 
solvent. If there is delay in working up the bromination product, or 
if the temperature of the mixture is raised, as, for instance, by 
distilling off the solvent, partial disappearance of the original forms 
may occur: indeed the solid form at least may disappear so com- 
pletely as to become undetectable. The proportion in which the 
original bromides appear varies little with the nature of the solvent 
or with the degree of dilution. 

The third isomeride (identical with the cyclohexadiene dibromide 
obtained by Crossley and Haas, J., 1903, 83, 498; 1904, 85, 1403, 
and by Zelinsky and Gorsky, Ber., 1908, 41, 2428) is purely a 
derived form and doubtless represents one of the stereoisomeric 
forms (I and II). 1: 4-Dibromides always display a much greater 


oN BrCH CH 

yt ieee ZN 
cf CH, CH, 

CH, tn CH, CHBr 


ie Ff 
HCBr CHBr 


(II.) (III.) 


resistance to oxidative degradation than the corresponding | : 2- 
forms: usually, therefore, the degradation of the latter is too 
severe to be of value in diagnosing orientation, and that of the 
1 : 4-forms follows a normal course. Here, however, the stability is 
such that the attack of ozone and of mild oxidising agents is with- 
stood and the molecule breaks down only on drastic treatment which 
causes complete elimination of halogen. As might have been 
anticipated, attempts to convert this dibromide into its diethoxy- 
derivative with sodium ethoxide resulted only in the production of 
benzene. The two original bromides are attacked by ozone and by 
permanganate so readily that control of degradation is difficult. 
With the latter reagent the corresponding dibromoglycols are 
produced in small yield, but the further oxidation cannot be arrested 
before bromine is eliminated from the molecule. There can be little 
doubt, however, that the bromides represent stereoisomeric 
] : 2-forms (ITI). 

Bromination of cycloPentadiene—Thiele’s investigation of the 
dibromination of cyclopentadiene (Annalen, 1900, 314, 296) indicates 
that only 1 :4-forms are produced : by bromination in chloroform 
solution, distillation of the solvent, and fractionation of the bromide 
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mixture under reduced pressure, he obtained a liquid and a solid 
cyclopentadiene dibromide; since these were oxidised via their 
respective dibromoglycols to meso and racemic forms of ««’-dibromo- 
glutaric acid, their 1 : 4-orientation was definitely demonstrated, 
With the greater part of Thiele’s statement we are in complete 
agreement; if, however, isomerisation during the isolation of 
dibromidés is guarded against, not only is 1 : 4-bromination found to 
be partial, but interesting dilution and solvent effects on the quantit- 
ative relation between the 1 : 2-form and its 1 : 4-isomerides become 
apparent. 

The incidence of the bromination products obtained in n-hexane 
below —15° is shown in the following scheme. The details con- 
cerning the degradation products of the two 1: 4-isomerides are 
identical with those already given by Thiele. It is also fairly 
certain that on distillation the liquid 1 : 2-dibromide is converted 
(with degradation) to a small extent into the solid 1: 4-form: 


cycloPentadiene (in hexane) 





1 : 2-Dibromide Distiliation 1 : 4-Dibromide 1 : 4-Dibromide 
(liquid) (with decomp.) (liquid; little only) (m. p. 46°) 
| 


Meare | xa KMn0Q, 


Dibromoglycol Dibromoglycol (cis) Dibromoglycol (trans) 
(liquid) (m. p. 76°) (m. p. 75°) 


Dilute chromic Dilute chromic Dilute chronic 
acid soln. acid soln. acid soln, 


Bromo-acid meso-aa’-Dibromo- r-aa’-Dibromo- 
glutaric acid glutaric acid 


Glutaconic acid Glutaric acid Glutaric acid 


preferentially, however, it yields the liquid isomeride. In hexane 
solution, with increasing dilution the proportion of solid 1 ; 4-di- 
bromide isolated from the bromination mixture steadily diminishes, 
falling, e.g., from 40% to 12% as the final total bromide content 
increases from 0-28 g. to 2 g. per c.c. of solvent. The effect of 
substituting chloroform for hexane is drastically to reduce the 
proportion of solid 1: 4-form and to increase the total proportion 
of 1 ; 4-dibromide in the bromination product. 


EXPERIMENTAL. 


Bromination of A1%.cycloHexadiene.—The cyclohexadiene was 
prepared by Hofmann and Damm’s method (Schleischen Kohlenforsch. 
Kaiser Wilhelm Ges., 1925, 2, 97) from pure cyclohexene and 
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fractionated over sodium in a stream of carbon dioxide; it had b.p. 
80°, n*” 1-4760, dif” 0-8421; whence [R,]p =26-806. 

The bromination was carried out in a flask fitted with a dropping- 
funnel, a calcium chloride tube, and a stirrer and immersed in a 
freezing mixture. Usually 8 g. of the hydrocarbon, dissolved in 
chloroform or, preferably, n-hexane, were brominated at one time. 
When the theoretical quantity of bromine (diluted) had been added 
with constant stirring, the solvent was removed as quickly as possible 
by means of a good vacuum pump, a little light petroleum added to 
the residue, and the solid bromination product immediately separated 
by strong cooling and filtration. Careful repetitions of the ‘‘ freezing- 
out ” process and final removal of the solvent (under reduced pres- 
sure) from the residual liquor yielded a colourless liquid dibromide. 

1 : 2-Dibromo-A*-cyclohexene (III). The solid dibromide, after 
being washed with light petroleum, was usually pure and formed 
colourless prisms, m. p. 68° (Found: Br, 66-6. C,H,Br, requires 
Br, 66-6%). Whenever there was delay (for instance, postponement 
over-night) in isolating the bromination products, in separating the 
solid dibromide from its liquid isomeride, or in removing crystals of 
dibromide from a crystallising medium, the m. p. of the crystals 
obtained was usually about 54°: from such crystals, by rapid 
iractional crystallisation from light petroleum, small quantities of an 
isomeric 1 : 4-dibromide, m. p. 108° (see below), could be separated. 
If the delay in isolating the bromination products was prolonged, 
there was partial or complete replacement of the solid 1 : 2-dibromide 
by its isomeride, m. p. 108°. 

The liquid dibromide, immediately after isolation, appeared to be 
free from impurity other than residual traces of its solid stereo- 
isomeride (Found : Br, 66-4%). 

1 : 4-Dibromo-A?-cyclohexene was the sole solid product isolated 
when there was a delay of 3 days in working up the dibromination 
mixture, or when heat was applied in the removal of the bromination 
diluent. It was also directly obtained from the two pure 1 : 2-di- 
bromocyclohexenes (see below). It crystallised from light petroleum 
in colourless prisms, m. p. 108° (Crossley and Haas, loc. cit., give 
m. p. 108—109°) (Found : Br, 66-7%). 

Isomerisation of 1: 2-Dibromocyclohexene.—The pure solid di- 
bromide suffered gradual isomerisation on standing: after several 
weeks, complete conversion into 1: 4-dibromocyclohexene had 
occurred. Isomerisation appeared to be accelerated when the 
dibromide was dissolved in hexane or chloroform and became rapid 
when the pure dibromide or its solutions were heated. 

The liquid dibromide isomerised gradually at room temperature 
and more rapidly on heating; at 0°, change became perceptible after 
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2—3 days. The possibility of reversing the 1 2- —~> 1: 4-change 
at 100° could not be gauged owing to the degradation of the 
1 : 4-dibromide when heated for a prolonged period : if the reverse 
change occurs, it is very slow. On distillation, isomerisation was 
rapid, the boiling point steadily rising from about 75° to 120°/2 mm. ; 
the fraction of b. p. 110—120°/2 mm., which solidified on cooling, 
was almost pure | : 4-dibromocyclohexene. 

Oxidation of the Isomeric Dibromocyclohexenes.—The stability of 
the 1 : 4-dibromide, m. p. 108°, frustrated all attempts to oxidise it 
with permanganate at 0° or at room temperature. The finely 
powdered bromide was unattacked by cold aqueous chromic acid, 
but was converted by the hot reagent into succinic acid. The action 
of ozone was very slow : the bromide suffered change after prolonged 
ozonisation, but no satisfactory decomposition of the product 
could be achieved. Nitric acid was equally unsatisfactory as an 
oxidising agent. 

The 1; 2-dibromide, m. p. 68°, was fairly readily oxidised by 
permanganate at 0° to the corresponding dibromoglycol, but much 
of the latter compound suffered further oxidation before the first 
stage of oxidation was complete. To an acetone solution of 6 g. of 
the bromide, 60 c.c. of an aqueous solution of permanganate and 
magnesium sulphate (5% of each) were very slowly added. The 
manganese mud was filtered off and all acetone removed from both 
mud and filtrate in a rapid current of air. The mud, suspended in a 
little water, was just brought into solution by addition of sulphuric 
acid and sodium bisulphite. The solution, after filtration of a large 
quantity of unchanged dibromide, was combined with the acetone- 
free filtrate and extracted ten times with alcohol-free ether. The 
extract, freed from acid matter by cautious agitation with a few c.c. 
of saturated bicarbonate solution, was thoroughly dried with 
sodium sulphate. After evaporation of the ether the. residue, 
1 : 2-dibromo-3 : 4-dikydroxycyclohexane, solidified completely. It 
separated from petroleum (b. p. 60—80°) in colourless prisms, m. p. 
96—98° (Found: Br, 58-1. ©O,H,,0,Br, requires Br, 58-3%). 
The yield was about 25%, calculated on the bromide taken. 

The liquid 1 : 2-dibromide, on oxidation in a similar manner, gave 
a syrupy glycol containing traces of the above-described dibromo- 
glycol. The latter was extracted with petroleum, but since the 
liquid glycol decomposed on distillation complete purification could 
not be effected. The complementary acidic portion of the oxidation 
product consisted largely of succinic acid. 

Oxidation of the Isomeric Dibromodihydroxycyclohexanes.—The 
most careful treatment with cold aqueous chromic acid or with 
neutral permanganate failed to prevent loss of bromine, and the 
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product was invariably succinic acid; no ««’-dibromoadipic acid 
could be obtained. 

Bromination of cycloPentadiene.—The dimeride required for the 
generation of the hydrocarbon was worked up from “ aged ”’ benzene 
forerunnings as described by Perkins and Cruz (J. Amer. Chem. Soc., 
1927, 49, 517). The carefully fractionated dimeride from certain 
batches of forerunnings solidified with difficulty on cooling and the . 
crystals, after recrystallisation from alcohol (an operation accom- 
plished with difficulty owing to great solubility), always melted at 
19°. The dimeride from other batches was almost completely solid 
at room temperature and the crystals, which separated easily from 
strongly cooled alcoholic solution, melted at 32°. The former of 
these compounds possibly represents a homogeneous modification 
corresponding to that isolated by Staudinger and Rheiner (Helv. 
Chim. Acta, 1924, 7, 23) from the intensely cooled liquid portion 
of commercial dicyclopentadiene. The boiling points of both the 
lower- and the higher-melting portion were identical (56°/13 mm.) ; 
there was no portion boiling above this temperature as recorded by 
Staudinger and Rheiner. Wieland and Bergel (Annalen, 1925, 
446, 19), who separated a liquid dimeride fraction from the dicyclo- 
pentadiene, m. p. 32-5°, also give the b. p. 56°/13 mm. for both 
portions and state that they could find no trace of Staudinger 
and Rheiner’s “ isomeric dicyclopentadiene, b. p. 68—70°/12 mm.” 

Both the lower- and the higher-melting portion of the dimeride 
yielded cyclopentadiene when heated with iron filings at 185—190° 
in the usual way. For the bromination experiments the hydro- 
carbon was redistilled once (b. p. 42°), precautions being taken to 
prevent access of moisture. 

Bromination in n-hexane. Bromination was effected at the 
temperature of an ice-salt bath, as described above. A deficiency of 
bromine was always employed in additions to cyclopentadiene and 
the yields were calculated on the amount of bromine taken. When 
addition was complete, a solid bromination product was directly 
frozen out in the usual way. This corresponded to Thiele’s trans- 
1 : 4-dibromo-A?-cyclopentene, m. p. 45—46° (Found: Br, 70-9. 
Cale.: Br, 70-8%). Yield, 40%. Removal of the solvent left an 
almost colourless liquid consisting mainly of 1 : 2-dibromo-A*-cyclo- 
pentene, d*” 1-8867 (Found : Br, 70-6. C;H,Br, requires Br, 70-7%), 
but containing, as shown by oxidation experiments, a small pro- 
portion of cis-1 : 4-dibromo-A*-cyclopentene. 

Variation of the proportion of diluent employed during bromin- 
ation affected considerably the amount of the solid dibromide that 
could be frozen out. The following approximate figures show the 
relation between the amount of solid isolated and the concentration 
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of total dibromide (g. per c.c. of solvent employed) in the 
bromination mixture. 

Concentration ° 0-47 0-67 1-26 2-00 
Solid dibromide, % , 27-8 27-1 24:0 11-6 

Bromination in chloroform. This was effected at the temperature 
of an ice-salt bath and all precautions against rise in temperature, 
ete., were taken. The faintly yellow product darkened rapidly as the 
solvent was removed. On dilution of the chloroform-free product 
with light petroleum, and strong cooling, less than 2% of solid 
dibromide could by any means be induced to separate. The dark- 
coloured liquid dibromide which remained when the solvent was 
removed was a mixture of 1: 2-dibromo-A*-cyclopentene and 
cis-1 : 4-dibromo-A?*-cyclopentene. 

Isomerisation of cycloPentadiene Dibromides.—The liquid dibromide 
(d*" 1-8977) obtained from chloroform solutions of the hydrocarbon 
distilled with considerable decomposition. The product was a pale 
yellow liquid (b. p. 68—80°/5 mm.; yield, 82%) which could be 
redistilled with only slight decomposition. When, in the first 
distillation, the highest-boiling fraction was retained in the distilling 
flask and extracted with petroleum, crystals of the solid dibromide, 
m. p. 45°, were obtained (yield, less than 10%). It is not certain 
to what extent this was formed during distillation: the solid 
dibromide is apparently much more soluble in the corresponding 
liquid 1 : 4-dibromide than in its liquid 1 : 2-isomeride and some 
proportion of ‘this yield is possibly attributable to incomplete 
separation at the outset. After several distillations a stable, 
constant-boiling fraction, b. p. 72°/5 mm., 82°/15 mm., d* 1-9198 
(Found: C, 26-6; H, 2:7; Br, 70-8. Cale.: C, 26-6; H, 2°7; Br, 
70-8%), was obtained which behaved on oxidation as nearly pure 
cis-1 : 4-dibromo-A?-cyclohexene (compare Thiele, loc. cit.). In view 
of the evidence furnished by oxidation of the differently derived 
liquid dibromides, there is every indication that the decomposition 
which attends the first fractionations is entirely attributable to the 
presence of the lower-boiling 1 : 2-dibromo-A*-cyclohexene, which, on 
heating, changes into its liquid 1 : 4-isomeride but largely suffers 
degradation. When the chloroform solution of the bromination 
product is worked up as described by Thiele, some of the 1 : 2-di- 
bromide appears to suffer isomerisation in the boiling chloroform and 
the subsequent decomposition during fractionation is lessened. 

When the analytically pure liquid obtained by brominating the 
hydrocarbon in hexane solution was heated at 100° at ordinary 
pressure, or distilled at reduced pressure, the decomposition was very 
great. Usually about 45% of the bromide escaped degradation at low 
pressures, yielding a non-homogeneous liquid, b. p. 65—74°/5 mm. 
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This liquid on further fractionation yielded pure cis-1 : 4-dibromo- 
cyclohexene, some proportion of which (see below) was present as 
such as the outset. 

Oxidation of trans-1 : 4-Dibromo-A?-cyclopentene—This and the 
succeeding oxidations of the cyclopentadiene dibromides were con- 
ducted in essentially the way already described. In this case the 
employment of 12-9 g. of the bromide, 120 c.c. of 5% permanganate 
solution and excess of magnesium sulphate gave a 52% yield of 
trans-1 : 4-dibromo-2 : 3-dihydroxycyclopentane, m. p. 75° (Found : 
Br, 61-6. Cale.: Br, 61:5%). This substance, when further 
oxidised by cold aqueous chromic acid (compare Thiele, loc. cit.), 
gave an 85% yield of r-a«’-dibromoglutaric acid, m. p. 142° (Found : 
Br, 55°3.  Cale.: Br, 55-1%). 

Oxidation of cis-1 : 4-Dibromo-A?-cyclopentene.—The cis-bromide 
(6-8 g.), treated with 83 c.c. of 5% neutral permanganate solution, 
gave an 80% yield of crude dibromoglycol, which consisted mainly of 
cis-1 ;: 4-dibromo-2 : 3-dihydroxycyclopentane, m. p. 76° (mixed m. p. 
with the corresponding trans-glycol, 45—50°), but contained a 
quantity of syrupy glycol, presumably the isomeric 1 : 2-dibromo- 
compound. The former substance on further oxidation by Thiele’s 
method gave meso-x«’-dibromoglutaric acid, m. p. 170° (Found : Br, 
55°5. Cale.: Br, 55:1%). The crude glycol when similarly oxidised 
gave this acid contaminated with a syrupy bromo-acid. Both 
dibromoglutaric acids yielded glutaric acid when reduced with zinc 
and acetic acid as recorded by Thiele. 

Oxidation of 1 : 2-Dibromo-A*-cyclopentene.—The liquid dibromide 
(24:8 g.) obtained by brominating cyclopentadiene in hexane, when 
treated with 5% neutral permanganate solution (23 c.c.), gave a 47% 
yield of a water-soluble, non-solidifiable, syrupy glycol. This sub- 
stance, from which none of the isomeric dibromoglycols could be 
separated, decomposed on distillation and could not be further 
purified. It was further oxidised by aqueous chromic acid, during 
which (as during oxidation to the glycol stage) much of the material 
suffered severe degradation. From the syrupy acid so obtained, a 
very small amount of meso-a«’-dibromoglutaric acid was readily 
separated ; the remainder did not solidify and was directly debromin- 
ated with zinc dust and acetic acid. From the product a mixture of 
glutaconic acid and non-solidifiable acidic material was obtained ; the 
yield, however, of the former was only small and all attempts to 
decrease the degradation during oxidation of the 1 : 2-dibromide 
failed. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society and to the Chemical Society 
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XXV.—Reduction Products of the Hydroxyanthra- 
quinones. Part X. 


By Richarp WALTER HARDACRE and ARTHUR GEORGE PERKIN. 


WHEN 3-hydroxyanthranol is gently oxidised, the corresponding 
dihydroxydianthrone is produced, and from this the dihydroxy- 
dianthraquinone and dihydroxyhelianthrone can be successively 
obtained by similar methods (Haller and Perkin, J., 1924, 125, 
239; Perkin and Yoda, J., 1925, 127, 1881). The last substance, 
by iodination in pyridine solution, readily yields a well-characterised 
monoiodo-derivative, a fact which suggested that the two hydroxyls 
present are not similarly situated. Therefore, although this com- 
pound, judging from its method of formation, could be either a 
2:2’-, 2:7’- or 7: 7’-dihydroxyhelianthrone, constitution (I) was 
preferred, the iodine presumably entering position 8’.* 
flO. 


(II.) 

H HO’ \“ =) 
\ CO’ 

More recently it has been found that by a more drastic treatment of 
the dihydroxyhelianthrone with iodine in pyridine solution a 
di-iodo-compound can be prepared (bromine reacts similarly)—a 
behaviour which, indicating as it does some resistance to the entry 
of a second iodine atom, harmonises with the view expressed above. 
On the other hand, experiment has now definitely shown that the 
iodine atom in monoiododihydroxyhelianthrone is not in position 
8’, because, on exposure of its acetyl derivative in benzene solution 
to sunlight, the iododiacetoxynaphthadianthrone is produced. 
Such a reaction could not occur in the case of (I) without elimination 
of iodine (IT) and it is thus evident that the halogen atom or atoms 
have entered §-positions. 


* In the former communication (H. and P., p. 233) this was termed 5’-iodo- 
3 : 6’-dihydroxyhelianthrone, the orientation employed being that in vogue 
with anthraquinone derivatives. 
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When the dihydroxyhelianthrone, preferably in the form of the 
acetyl derivative, is oxidised with chromic acid (Haller and Perkin, 
loc. cit.), the corresponding dihydroxy-1 : 1’-dianthraquinonyl] is 
obtained. The positions of the hydroxyl groups in this compound 
have now been studied. Since no change cccurred on fusion with 
alkali at 200—250°, it seemed unlikely that this could be the 2 : 7’- 
or 7 : 7’-dihydroxy-compound, because if this were so the formation 
of either a 2:7’: 8’-trihydroxy- or 7:8:7’': 8’-tetrahydroxy- 
derivative, the former containing one, and the latter two alizarin 
nuclei, was to be expected. 2: 2’-Dihydroxy-1 : 1’-dianthraquin- 
ony] (III) was therefore synthesised from 1-bromo-2-benzoyloxyanthra- 
quinone (the 1-chloro-compound. being much less satisfactory) by 
the Ullmann method (Annalen, 1904, 332, 28) and subsequent 
hydrolysis, and proved to be identical in all respects with Haller 
and Perkin’s substance. The helianthrone derived from 3-hydroxy- 
anthranol is therefore the 2 : 2’-dihydroxy-derivative (IV). 


0 LO 
H H 
(III.) ° 2 
HO 
© 


) (IV.) 


0. 
\CO’ 


1-Bromo-2-hydroxyanthraquinone can be obtained, in a similar 
manner to the 1-chloro-compound (Decker and Laube, Ber., 1906, 
39, 112), from 2-hydroxyanthraquinone and hypobromite in 
theoretical amount. Excess of the reagent yields 1 : 3-dibromo-2- 
hydroxyanthraquinone, and from this, by mild fusion with 40% 
alkali in an autoclave, 3-bromoalizarin is obtained—a result indicat- 
ing the more stable character of the 8-halogen atom as compared 
with that in the «-position. 1 :3-Dibromo-2-hydroxyanthraquinone 
has been described by Baeyer as the product of the action of sulph- 
uric acid on tetrabromophenolphthalein (Annalen, 1880, 202, 336) ; 
the melting points given for this compound, 207—208°, and its 
acetyl derivative, 189—190°, however, differ from those, 216— 
217° and 195°, recorded here. Baeyer, again, by the action of 
50% alkali in an open dish at 200° for 3 hours, obtained, not 3-bromo- 
alizarin, but alizarin itself. This further discrepancy is no doubt 
to be accounted for by the fact that during his experiment a con- 
siderable concentration of the alkali solution occurred. 
Helianthrone can be prepared (Scholl, Ber., 1910, 43, 1734) from 
1: 1’-dianthraquinonyl by the action of aluminium and sulphuric 
acid—a reaction involving reduction and subsequent oxidation— 
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WHEN 3-hydroxyanthranol is gently oxidised, the corresponding 
dihydroxydianthrone is produced, and from this the dihydroxy- 
dianthraquinone and dihydroxyhelianthrone can be successively 
obtained by similar methods (Haller and Perkin, J., 1924, 125, 
239; Perkin and Yoda, J., 1925, 127, 1881). The last substance, 
by iodination in pyridine solution, readily yields a well-characterised 
monoiodo-derivative, a fact which suggested that the two hydroxyls 
present are not similarly situated. Therefore, although this com- 
pound, judging from its method of formation, could be either a 
2:2’-, 2:7’- or 7: 7’-dihydroxyhelianthrone, constitution (I) was 
preferred, the iodine presumably entering position 8’.* 
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More recently it has been found that by a more drastic treatment of 
the dihydroxyhelianthrone with iodine in pyridine solution a 
di-iodo-compound can be prepared (bromine reacts similarly)—a 
behaviour which, indicating as it does some resistance to the entry 
of a second iodine atom, harmonises with the view expressed above. 
On the other hand, experiment has now definitely shown that the 
iodine atom in monoiododihydroxyhelianthrone is not in position 
8’, because, on exposure of its acetyl derivative in benzene solution 
to sunlight, the iododiacetoxynaphthadianthrone is produced. 
Such a reaction could not occur in the case of (I) without elimination 
of iodine (IT) and it is thus evident that the halogen atom or atoms 
have entered §-positions. 

* In the former communication (H. and P., p. 233) this was termed 5’-iodo- 
3 : 6’-dihydroxyhelianthrone, the orientation employed being that in vogue 
with anthraquinone derivatives. 
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When the dihydroxyhelianthrone, preferably in the form of the 
acetyl derivative, is oxidised with chromic acid (Haller and Perkin, 
loc. cit.), the corresponding dihydroxy-1 : 1’-dianthraquinonyl is 
obtained. The positions of the hydroxyl groups in this compound 
have now been studied. Since no change occurred on fusion with 
alkali at 200—250°, it seemed unlikely that this could be the 2 : 7’- 
or 7 : 7’-dihydroxy-compound, because if this were so the formation 
of either a 2:7’: 8’-trihydroxy- or 7:8: 7’: 8’-tetrahydroxy- 
derivative, the former containing one, and the latter two alizarin 
nuclei, was to be expected. 2 : 2’-Dihydroxy-1 : 1’-dianthraquin- 
ony] (III) was therefore synthesised from 1-bromo-2-benzoyloxyanthra- 
quinone (the 1-chloro-compound being much less satisfactory) by 
the Ullmann method (Annalen, 1904, 332, 28) and subsequent 
hydrolysis, and proved to be identical in all respects with Haller 
and Perkin’s substance. The helianthrone derived from 3-hydroxy- 
anthranol is therefore the 2 : 2’-dihydroxy-derivative (IV). 
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1-Bromo-2-hydroxyanthraquinone can be obtained, in a similar 
manner to the 1-chloro-compound (Decker and Laube, Ber., 1906, 
39, 112), from 2-hydroxyanthraquinone and hypobromite in 
theoretical amount. Excess of the reagent yields 1 : 3-dibromo-2- 
hydroxyanthraquinone, and from this, by mild fusion with 40% 
alkali in an autoclave, 3-bromoalizarin is obtained—a result indicat- 
ing the more stable character of the 6-halogen atom as compared 
with that in the «-position. 1 :3-Dibromo-2-hydroxyanthraquinone 
has been described by Baeyer as the product of the action of sulph- 
uric acid on tetrabromophenolphthalein (Annalen, 1880, 202, 336) ; 
the melting points given for this compound, 207—208°, and its 
acetyl derivative, 189—190°, however, differ from those, 216— 
217° and 195°, recorded here. Baeyer, again, by the action of 
50% alkali in an open dish at 200° for 3 hours, obtained, not 3-bromo- 
alizarin, but alizarin itself. This further discrepancy is no doubt 
to be accounted for by the fact that during his experiment a con- 
siderable concentration of the alkali solution occurred. 
Helianthrone can be prepared (Scholl, Ber., 1910, 43, 1734) from 
1: 1’-dianthraquinonyl by the action of aluminium and sulphuric 
acid—a reaction involving reduction and subsequent oxidation— 
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and 4: 4'-dichlorohelianthrone has been obtained from the corre- 
sponding dichlorodianthraquinonyl in a similar manner (Eckert 
and Tomaschek, Monatsh., 1918, 39, 839). The conversion of 
(IIT) into (IV) was now studied, not only to complete the synthesis 
of the latter from 1-bromo-2-hydroxyanthraquinone, but with 
the special object of isolating one or other of the intermediate 
products of this reaction. This can hardly be accomplished by the 
aluminium-sulphuric acid method, and when stannous chloride 
and hydrochloric acid were employed, although indications of the 
presence of a substance of this character were obtained (Haller and 
Perkin, loc. cit.), its isolation was not found possible. By the 
action of zinc dust and ammonia on 2 : 2’-dihydroxy-1 : 1’-dianthra- 
quinony] (III) better results are obtained, for although a partial 
disruption of the dianthraquinony] linkage is liable to occur, with 
eventual production of 3-hydroxyanthranol, the main product of 
the reaction is without doubt the dihydroxydianthranolyl (V).* 


(OH) y 
H i. H 
(VL) 
OO SOx 
OH)’ 


This compound is extremely prone to Yaw and by digestion 
with boiling nitrobenzene changes into 2 : 2’-dihydroxyhelianthrone 
(IV); on this account all attempts to prepare (VI) were unsuccessful. 

The fact that 2: 2’-dihydroxyhelianthrone can be so easily 
iodinated in pyridine solution (loc. cit.) suggested that this method 
might be used in the case of other hydroxy-compounds, and an 
account of its application to certain hydroxyanthraquinones will 
be the subject of a later communication. 2-Hydroxyanthraquinone 
thus yielded. a monoiodo-derivative, and as this substance appeared 
to be of interest in connexion with the present research, the orienta- 
tion of the halogen atom was determined. Although alcoholic 
sodium methoxide (Decker and Laube, loc. cit.) converts 1-chloro-2- 
methoxyanthraquinone into a mixture of 1-hydroxy-2-methoxy- 
and 1 ; 2-dimethoxy-anthraquinones, this iodo(methoxy)-compound 
merely suffered dehalogenation by such treatment, 2-methoxy- 
anthraquinone being produced. Alkali fusion led to the formation 
of alizarin, suggesting the constitution 1-iodo-2-hydroxyanthra- 
quinone; but this was not conclusive evidence, since 2 : 3-dibromo- 


(V.) 


* For (V) without the 2- and 2’-hydroxyls the term dianthranolyl, and 
similarly for (VI) dianthronyl, is suggested. 
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anthraquinone gives a similar result (Battegay and Claudin, Bull. 
Soc. Ind. Mulhouse, 1920, 86, 632), 2 : 3-dihydroxyanthraquinone 
(hystazarin) being unstable in these circumstances. By the applic- 
ation, however, of the Ullmann method to the monoiodo-2-hydroxy- 
anthraquinone, a dihydroxydianthraquinonyl was obtained which, 
being distinct from (III), can only be 3 : 3’-dihydroxy-2 : 2'-dianthra- 
quinonyl (VII). Accordingly, when 2-hydroxyanthraquinone is 
treated with iodine in pyridine solution, the iodine enters the 
3-position (VIII). 


C CO C 
COOL Cee 
OH 
C C C 
(VII.) (VIII.) 


The conversion of (VIII) into the 3 : 3’-di-iodo-2 : 2'-dihydroxy- 
helianthrone of Haller and Perkin (loc. cit.) was now attempted. 
Incidentally, the reduction of 1-chloro-2-hydroxyanthraquinone 
with ammonia and zinc dust, or with stannous chloride and boiling 
hydrochloric acid, was found to cause elimination of the halogen 
and formation of 3-hydroxyanthranol (identified as the acetyl 
derivative, m. p. 157—158°), but with aluminium and sulphuric 
acid a chlorohydroxyanthranol was produced: The orientation of 
the chloro- and hydroxy-groups present in this compound is under 
investigation. - 

In a similar manner 3-iodo-2-hydroxyanthraquinone gave but one 
anthranol which experiment indicates has the constitution (X), the 
isomeric 3-iodo-2-hydroxy-compound being absent. On oxidation 
with ferric chloride, (X) yielded 2 : 2’-di-iodo-3 : 3’-dihydroxydi- 
anthrone, from which the tetra-acetyl derivative of di-iododihydroxy- 
dianthranol was prepared. This differed from the non-halogenated 
compound (Perkin and Yoda, loc. cit.) in that with iodine in pyridine 
solution the dianthraquinone (XI) was not obtained, and only by 
a treatment of the di-iododihydroxydianthranol itself with alkaline 
ferricyanide could this conversion be effected. 
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Although 2 : 2’-di-iodo-3 : 3’-dihydroxydianthranol could be oxidised 
to the helianthrone by ferricyanide in excess, better results were 
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obtained with alkaline persulphate (compare Eckert and Toma. 
schek, loc. cit.). The 3: 3’-di-iodo-2 : 2’-dihydroxyhelianthrone 
(XII) produced was identical with the iodination product of 2 : 2’-di- 
hydroxyhelianthrone described above, and this, on further treat- 
ment with persulphate, yielded a compound which was not closely 
examined but was doubtless the corresponding naphthadianthrone. 

Whereas 3:4-dihydroxyanthranol (deoxyalizarin) is readily 
oxidised to 3:4: 3’: 4’-tetrahydroxydianthrone, the conversion 
of the latter into the corresponding tetrahydroxydianthraquinone 
and tetrahydroxyhelianthrone could not be effected (Goodall and 
Perkin, J., 1924, 125, 470). Owing to the presence of hydroxy- 
groups in the positions indicated, such compounds should be of 
tinctorial interest and attention was accordingly directed to 3 : 4 : 6- 
trihydroxyanthranol (deoxyanthrapurpurin ; Cross and Perkin, J., 
1927, 1297) in the hope that the 6-hydroxyl group of this substance, 
in that it may be considered analogous to that of 3-hydroxyanthranol 
itself, would favour these reactions. By using ferric chloride, the 
dianthrone can be obtained, but this is tedious to purify owing to 
the simultaneous production of an amorphous blue compound, 
and better results are obtained with hydrogen peroxide. The 
conversion of 3:4:6: 3’: 4’: 6’-hexahydroxydianthrone into the 
corresponding dianthraquinone and helianthrone could not be 
effected owing, evidently, to its preferential oxidation to anthra- 
purpurin. Even by digestion with boiling acetone this colouring 
matter is produced, and all processes of mild oxidation give a similar 
result. It seems evident that other methods for the synthesis of 
dianthraquinones and helianthrones of this type must be discovered, 
and experiments in this direction are now in progress. 



























EXPERIMENTAL. 

3 : 3'-Di-iodo-2 : 2’-dihydroxyhelianthrone (XII).—A solution of 
2 : 2’-diacetoxyhelianthrone (1 g.) and iodine (3 g.) in pyridine 
(15 c.c.) was boiled for 10 minutes and poured into acidified sodium 
bisulphite solution. The maroon precipitate was again treated 
with iodine (3 g.) in pyridine (15 c.c.) as above. The yield was 
1-288 g. (calc. for a di-iodo-compound, 1-33 g.). Acetylation in 
pyridine caused the rapid separation of 3 : 3’-di-iodo-2 : 2’-diacetoxy- 
helianthrone as small orange prisms, m. p. 268—270° (decomp.) 
after recrystallisation from much acetone ; these dissolved in sulph- 
uric acid with a green coloration, quickly changing to blue (Found : 
I, 32-8. C,,H,,O,I, requires I, 33-6%). Hydrolysis with sulph- 
uric acid in the presence of acetic acid gave the di-iododihydroxy- 
compound as minute maroon needles. When, however, the acetyl 
derivative in boiling pyridine was treated with a little diethylamine, 
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and the solution diluted with an equal bulk of acetic acid and 
treated with hydrochloric acid, the di-iododihydroxyhelianthrone 
was deposited in fair-sized leaflets having a beetle-green iridescence ; 
these were sparingly soluble in the usual solvents and gave a blue 
solution in sulphuric acid. (The 3-iodo-2 : 2’-dihydroxyhelianthrone 
of Haller and Perkin, Joc. cit., can be crystallised in a similar 
manner.) With hydrosulphite and alkali a green vat is produced. 

3 : 3’-Dibromo-2 : 2’-dihydroxyhelianthrone.—To 2: 2'-diacetoxy- 
helianthrone (1 g.) in ice-cold pyridine (15 c.c.), bromine (1 g.) was 
slowly added. After 12 hours, the solution, when added to acidified 
sodium bisulphite, gave a brick-red precipitate (1-18 g. Calc. for 
a dibromo-derivative, 1:15 g.). 3:3’-Dibromo-2 : 2’-diacetoxy- 
helianthrone crystallises from acetic anhydride in orange-red pris- 
matic needles, m. p. 293—296°, which dissolve in sulphuric acid with 
a pure blue coloration. 

3-Iodo-2 : 2'-diacetoxynaphthadianthrone.—3-Iodo-2 : 2’-diacetoxy- 
helianthrone (1 g.) in benzene (1500 c.c.) was exposed to light for 
3 weeks. Pale yellow, almost colourless needles separated, the 
fluorescence of the solution gradually disappearing. The product, 
m. p. above 340°, which gave a red solution in sulphuric acid and 
evolved iodine when strongly heated, without doubt had the above- 
stated constitution. 

1 : 3-Dibromo-2-hydroxyanthraquinone.—To 2-hydroxyanthraquin- 
one (2 g.) in boiling 1% sodium hydroxide solution (220 c.c.), 
sodium hypobromite (prepared from bromine, 4 g., and sodium 
hydroxide solution, 10 c.c.) was gradually added, and the digestion 
continued for 1 hour. The cold liquid, when poured into acidified 
sodium bisulphite solution, gave a precipitate which, after repeated 
crystallisation from alcohol, formed microscopic yellow needles, 
m. p. 216—217° (Found: ©, 44-2; H, 1-7. C,,H,O,Br, requires 
C, 43-8; H, 1-8%). 

1 : 3-Dibromo-2-acetoxyanthraquinone crystallises from acetic acid 
in yellow needles, m. p. 195° (Found: Br, 37-9. C,,H,O,Br, 
requires Br, 37-7%). 

1 : 3-Dibromo-2-methoxyanthraquinone, prepared by means of 
methyl sulphate and alkali, separates from benzene in pale yellow, 
hair-like needles, m. p. 226—227° (Found: CH;, 3:8. C,;H,O,Br, 
requires CHg, 3-8%). : 

3-Bromoalizarin.—1 : 3-Dibromo-2-hydroxyanthraquinone (0:5 g.) 
was mixed with sodium hydroxide (7 g.) in water (10 c.c.) and heated 
in a small iron autoclave at 200° for 6 hours; the melt was then 
diluted with water, and the violet solution neutralised with acid. 
The dull yellow product was dried and extracted with boiling solvent 
naphtha, the extract agitated with dilute sodium hydroxide solu- 
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tion, and the alkaline liquid acidified. By acetylating the bright 
orange powder produced, an acetyl compound was obtained in 
needles, m. p. 201—202°. That this compound was diacetyl-3. 
bromoalizarin was evident from a mixed melting-point determina- 
tion, the 3-bromoalizarin required for this purpose being prepared 
by the action of bromine on alizarin-3-sulphonic acid (Ger. Pat. 
77179, 1905; Friedlainder’s ‘‘ Fortschritte,”’ IV, 330; compare 
Baeyer, loc. cit.). 

1-Bromo-2-acetoxyanthraquinone.—To  2-hydroxyanthraquinone 
(1 g.) in 1% caustic soda solution (100 c.c.), bromine (0-7 g.) in 10% 
caustic soda solution (20 c.c.) was gradually added, and the liquid 
was slowly raised to its boiling point, allowed to cool, and neutralised 
with hydrochloric acid. The -product (1-29 g.) was converted into 
the acetyl compound, which crystallised from acetone in yellow rods, 
m. p. 182—183° (Found: C, 55-4; H, 2-6; Br, 23-5. C,gH,O,Br 
requires C, 55-6; H, 2-6; Br, 23-2%). 

1-Bromo-2-hydroxyanthraquinone, obtained by the hydrolysis of 
the acetyl compound with hydrochloric acid in the usual manner, 
separated from alcohol in small yellow cubes, m. p. 185—187° 
(Found: C,65:4); H, 2-3. C,,H,O,Br requires C, 55-4; H, 2-3%). 

1-Bromo-2-methoxyanthraquinone, obtained by the action of methyl 
sulphate and alkali, consisted of hair-like needles, m. p. 247° (Found : 
CH, 4-7. C,,H,O,Br requires CH,, 4:7%). 

1- Bromo-2-benzoyloxyanthraquinone.—To 1-bromo-2-hydroxy- 
anthraquinone (1 g.), suspended in chloroform (5 c.c.) and benzoyl 
chloride (2 c.c.), pyridine (1-5 c.c.) was added with good stirring. 
Reaction occurred without apparent solution, and after 24 hours the 
product was washed with alcohol (yield, 1-25 g.) and recrystallised 
from benzene, giving yellow needles, m. p. 229—230° (Found: 
C, 61-9; H, 2:75. C,,H,,0,Br requires C, 61:9; H, 27%). 

2 : 2’-Dihydroxy-1 : 1'-dianthraquinonyl (III).—A_ solution of 
1-bromo-2-benzoyloxyanthraquinone (0-3 g.) in naphthalene (0-8 
g.) was boiled with copper powder (0-3 g.) for 2 hours. The product, 
freed from naphthalene by extraction with boiling alcohol, was 
digested with boiling 1% methyl-alcoholic potash and the crimson 
liquid was filtered, diluted with water, and acidified. The yellow 
deposit, acetylated with acetic anhydride and pyridine, yielded 
yellow plates which, after recrystallisation from acetic anhydride, 
melted at 278—279°, gave in sulphuric acid a scarlet solution 
slowly changing to black, and were identified, by a mixed melting- 
point determination, with the 2 : 2’-diacetoxy-1 : 1’-dianthraquin- 
onyl which is obtained by the oxidation of 2 : 2’-diacetoxyhelian- 
throne with chromic acid in presence of acetic acid. 

Attempts to prepare 2: 2’-dibenzoyloxy-1 : 1’-dianthraquinony] 
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as described above, but with tetralin instead of naphthalene as 
solvent, were unsuccessful because the tetralin caused elimination 
of the halogen; the sole product was 2-benzoyloxyanthraquinone. 

1-Chloro-2-methoxyanthraquinone, prepared from the 1-chloro-2- 
hydroxy-compound, methyl sulphate, and alkali in the usual man- 
ner, separated from alcohol in yellow needles, m. p. 223—224°. 
After being heated (0-3 g.) with copper powder (0-3 g.) in boiling 
nitrobenzene (3 ¢.c.) for 2 hours, it was recovered unchanged. 

1-Chloro-2-benzoyloxyanthraquinone.—To 1-chloro-2-hydroxy- 
anthraquinone (1-2 g.), suspended in a mixture of chloroform 
(6 c.c.) and benzoyl chloride (3 c.c.), pyridine (2 c.c.) was gradually 
added, and after 24 hours the product was collected, washed with 
alcohol (yield, 1-5 g.), and recrystallised from benzene, giving yellow 
needles, m. p. 228—230°. A mixture of this compound (0-4 g.), 
naphthalene (0-5 g.), and copper powder (0-3 g.) was boiled for 6 
hours and the product was isolated and hydrolysed by the methods 
previously described. On acetylation, small plates of 2: 2’-di- 
acetoxy-1 : 1’-dianthraquinonyl, m. p. 274°, were obtained in 
trifling amount. 

2 : 2’-Dihydroxy-1 : 1'-dianthranolyl (V).—A solution of 2 : 2’-di- 
hydroxy-1 : 1’-dianthraquinonyl (1 g.) in concentrated ammonia 
(20 c.c.) and water (50 c.c.) was boiled, and zinc dust (3 g.) gradually 
added, access of air being prevented. After 15 minutes the greenish- 
yellow liquid was filtered into dilute hydrochloric acid- and the 
pale yellow precipitate dried. Acetylation with acetic anhydride 
and pyridine gave a product which could be readily separated by 
extraction with boiling alcohol into two fractions, A remaining 
practically undissolved, and B passing into solution. From the 
extract, on cooling, B separated in colourless needles which, after 
removal in the same manner of a trace of A, melted at 157—158° 
and consisted, without doubt, of 3 : 9-diacetoxyanthracene (Found : 
C, 73-2; H, 49. C,,H,,0, requires C, 73-5; H, 47%). A, 
recrystallised from alcohol-acetic acid, formed yellow prisms, m. p. 
267—268°, which were somewhat sparingly soluble in sulphuric acid, 
giving a pale yellow solution (Found : C, 73-45; H, 4-5; CH,°CO,H, 
41-2. C,,H,,0, requires C, 73-7; H, 4-4; CH,*CO,H, 40-9%). 

This tetra-acetyl derivative of 2 : 2’-dihydroxy-1 : 1’-dianthranolyl 
was readily oxidised by chromic acid in the presence of acetic acid, 
yellow plates of 2 : 2’-diacetoxy-1 : 1’-dianthraquinonyl, m. p. 275— 
277°, being obtained. Hydrolysis with hydrochloric acid then 
gave 2: 2’-dihydroxy-1 : 1'-dianthranolyl (V) as yellow cubes, which 
blackened at 270° and melted indefinitely at about 290° (Found : 
C, 80:2; H, 4:4. C,,H,,0, requires C, 80:3; H, 4.4%). It was 
almost insoluble in the usual solvents but gave yellow solutions in 
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alkalis. Boiling nitrobenzene dissolved it readily, but oxidation 
simultaneously occurred, a red powder separating. This with acetic 
anhydride and pyridine gave an acetyl compound in yellow needles, 
m. p. 277°, soluble in sulphuric acid with a violet coloration, which, 
as its properties and a mixed melting-point determination indicated, 
was 2 : 2’-diacetoxyhelianthrone. 

Further experiments on the reduction of 2 : 2’-dihydroxy-1 : 1’. 
dianthraquinonyl with ammonia and zinc dust have shown that, 
if the latter is added all at once, the formation of 3-hydroxyanthranol 
can, with care, be avoided. By this method, 2 g. of the dianthra- 
quinonyl gave 1-87 g. of dihydroxydianthranolyl (calc., 1-87 g.), 
from which a pure acetyl compound was at once obtained on 
acetylation in the usual manner. Boiling with stannous chloride 
and hydrochloric acid for 15 minutes gave dihydroxydianthranoly| 
mixed with some dihydroxyhelianthrone (and probably 3-hydroxy- 
anthranol). 

Chlorohydroxyanthranol.—To 1-chloro-2-hydroxyanthraquinone 
(3 g.) in sulphuric acid (60 c.c.) at 30—40°, aluminium powder (1 g.) 
was slowly added. After 1 hour, the yellow solution was poured 
into water (500 c.c.), the mixture slowly heated to boiling, and the 
precipitate collected (2-6 g.). Acetylation in pyridine gave chloro- 
diacetoxyanthracene, which crystallised from alcohol—acetic acid in 
light yellow cubes, m. p. 167—168° (Found: C, 65:7; H, 3-9; Cl, 
10-9; CH,°CO,H, 36-9. C,,H,,0,Cl requires C, 65-7; H, 3-95; 
Cl, 10-8; CH,-CO,H, 365%). Hydrolysis with hydrochloric acid 
gave the chlorohydroxyanthranol as a greenish-yellow precipitate, 
which separated from acetic acid in prisms, m. p. 230° (Found: 
C, 68-7; H, 3-8. C,,H,O,Cl requires C, 68-7; H, 3-7%). 

3-Iodo-2-hydroxyanthraquinone.—Iodine (1-5 -g.) was added to a 
solution of 2-hydroxyanthraquinone (0-6 g.) in pyridine (5 c.c.), 
and the mixture boiled for 15 minutes. On keeping, crystals 
separated which were collected (the mother-liquor being employed 
for'a second operation) and washed with acidified sodium bisulphite 
solution (yield, 0-75 g.). The acetyl compound, obtained with acetic 
anhydride and pyridine, crystallised from acetic acid in large yellow 
needles, m. p. 224—225° (Found: C, 48:8; H, 2-4; I, 32-0. 
C,,H,O,I requires C, 48-9; H, 2-3; I, 32.4%). On hydrolysis with 
hydrochloric acid it gave yellow needles of 3-iodo-2-hydroxyanthra- 
quinone, m. p. 278—279° after recrystallisation from alcohol, 
in almost theoretical yield (Found: C, 47-8; H, 2-1. C,,H,0,l 
requires C, 48-0; H, 20%). This resembled 2-hydroxyanthra- 
quinone in general properties and when fused with alkali at 200° 
yielded alizarin (identified as the acetyl compound). 

3-Jodo-2-methoxyanthraquinone, prepared from the iodohydroxy- 
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compound, alkali, and methyl sulphate, separated from benzene 
in pale yellow needles, m. p. 228—229° (Found: C, 49-2; H, 2-3; 
CH, 4:2. C,;H,O,I requires C, 49-4; H, 2-5; CH,,4:1%). Owing 
to the sparing solubility of this substance in hydriodic acid, two 
treatments with the latter were necessary to ensure complete 
demethylation. 

With the object of substituting a methoxy-group for the iodine 
in 3-icdo-2-methoxyanthraquinone (compare Decker and Laube, 
loc, cit.) and thus ascertaining its exact position, 0-6 g. was heated 
with sodium methoxide (sodium, 3 g., in alcohol, 9 ¢.c.) at 110° 
in a sealed tube for 12 hours. The product was treated with water, 
and the undissolved residue crystallised from alcohol. The pale 
yellow needles obtained melted at 196°, and, as a mixed melting 
point showed, consisted of 2-methoxyanthraquinone. 

3-Amino-2-hydroxyanthraquinone ( ?).—3-Iodo-2-hydroxyanthra- 
quinone (1 g.) in concentrated ammonia (10 c.c.) and a trace of 
copper were heated at 160—180° in a small autoclave for 8 hours. 
The violet liquid was acidified, and the red precipitate crystallised 
by solution in much alcohol and concentration to a small bulk. 
The reddish-brown leaflets, which possessed a metallic iridescence, 
had no definite melting point (decomposing above 300°) and gave a 
yellow solution in sulphuric acid (Found: N, 5-9. C,,H,O.N 
requires N, 5-85%). Attempts to prepare a dihydroxyanthraquinone 
from this compound by the diazotisation process (so as to.establish 
the position of the iodo-group in the iodo-2-hydroxyanthraquinone) 
failed, and it is likely that the yellow product obtained by means of 
sodium nitrite and concentrated sulphuric acid is rather a diazo- 
oxide than a diazonium sulphate. 

3-Iodo-2-benzoyloxyanthraquinone.—3 - lodo-2-hydroxyanthraquin - 
one (1 g.) in chloroform (5 ¢c.c.) and benzoyl chloride (2 c.c.) was 
treated with pyridine (1 c.c.). From the clear liquid on keeping, 
crystals separated, which, by recrystallisation from benzene, were 
obtained as yellow plates, m. p. 185° (Found: C, 55:3; H, 2-3. 
C,H, ,0,I requires C, 55-5; H, 2-4%). 

3: 3’-Dihydroxy-2 : 2'-dianthraquinonyl (VII).—A mixture of 
3-iodo-2-benzoyloxyanthraquinone (1 g.), naphthalene (1-5 g.), and 
copper powder (0-5 g.) was boiled for 5 hours, and the product was 
worked up and finally acetylated as described on p. 186, The 
acetyl derivative obtained separated from benzene in colourless 
needles, m. p. 315° (Found: C, 72-15; H, 3-6. C,,H,,0, requires 
C, 72-45; H, 34%). This compound is therefore distinct from the 
2: 2’-diacetoxy-1 : 1’-dianthraquinonyl of Haller and Perkin (loc. 
cit.), which melts at 278—279°. The former, again, is soluble in 
sulphuric acid with an orange colour, whereas the latter thus yields 
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@ crimson liquid which slowly changes to violet-black, The present 
compound is therefore 3 : 3’-diacetoxy-2 : 2'-dianthraquinonyl. 

2-Iodo-3-hydroxyanthranol (X).—3-Iodo-2-acetoxyanthraquinone 
(5 g.) in sulphuric acid (130 c.c.) was gradually treated with alumin. 
ium powder (1-5 g.) at 35—40°. The pale yellow liquid was poured 
into water (1000 c.c.), and the mixture heated to boiling in order 
to granulate the precipitate (yield, 4-1 g.). Treatment with acetic 
anhydride and pyridine then gave the diacetyl compound, which 
crystallised from alcohol-acetic acid in colourless needles, m. p. 
196° (Found: C, 51-5; H, 3-15; I, 30-6; CH,°CO,H, 29-2. 
C,3H,,0,I requires C, 51-4; H, 3-1; I, 30-6; CH,°CO,H, 28-6%). 
2-Iodo-3-hydroxyanthranol, prepared by the hydrolysis of the 
acetyl compound with hydrochloric acid, crystallised from acetone 
in small plates, m. p. 239—240° (Found : C, 49-8; H, 2-8. C,,H,0,1 
requires C, 50-0; H, 2-7%). 

2 : 2’-Di-iodo-3 : 3’-dihydroxydianthrone—To the  diacetylan- 
thranol (5-35 g.) in acetic acid (29 c.c.), ferric chloride (7-2 g.) in 
acetic acid (9-6 c.c.) was added, and the mixture was heated to 
boiling and then kept at 100° for 45 minutes. Yellow leaflets 
separated which, after cooling, were collected and washed with 
alcohol. The yield was 3-95 g. (74%; calc., 797%). 

2 : 2'-Di-iodo-3 : 3’-diacetoxydianthrone can be prepared by the addi- 
tion of a trace of sulphuric acid to a suspension of the dianthrone in 
acetic anhydride and boiling for afew seconds. It crystallises from 
acetic anhydride in plates, m. p. 227—228° after darkening at about 
215°, which give a yellow solution in sulphuric acid (Found: C, 
50-7; H, 3-0. Cy gH. 90,I, requires C, 50-9; H, 2-6%). With 
boiling acetic anhydride and pyridine, the tetra-acetyl derivative of 
2 : 2’-di-iodo-3 : 3’-dihydroxydianthranol is produced, which separ- 
ates from acetone in yellow prisms containing two moleculesof acetone 
of crystallisation (Found: C, 53-0; H, 3-55. C,,H,,O,I,,2C,H,0 
requires C, 42-8; H, 3-7%). When heated, it melts between 200° 
and 220°, resolidifies at about 260°, and melts again at 290°. Kept 
at 160° until constant in weight, it loses 12:1% of acetone (theory 
requires 12-2%) and then melts at 290°. Again, when alcohol is 
added to a solution of the tetra-acetyl derivative in acetic anhydride, 
the deposited crystals contain approximately one molecule of 
alcohol of crystallisation (Found: loss at 160°, 4:1. Theory re- 
quires loss, 5-2%). It separates, however, solvent-free from. acetic 
anhydride and then melts at 298—295° (Found: C, 51-4; H, 3-0; 
CH,°CO,H, 29-1. C,,H,,0,1, requires C, 51-55; H, 2-8; CH,-CO,H, 
28-6%). Sulphuric acid dissolves it with a magenta coloration. 
Hydrolysis gave 2 : 2’-di-iodo-3 : 3’-dihydroxydianthrone as yellow 
needles, which darkened at 255° and melted at 267—268° (Found: 
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C, 50-5; H, 2-5. C,,H,,0,I, requires C, 50-15; H, 2-4%). The 
property of the tetra-acetyldi-iodoanthranol, which is apparently 
not possessed by the diacetyldianthrone, to separate from acetone 
with solvent of crystallisation which is retained with some tenacity 
is analogous to that of the unhalogenated tetra-acetyl compound 
(Perkin and Whattam, J., 1922, 124, 293). The latter indeed 
it has now been found crystallises from benzene in brown 
prisms, C,,H,,0,,C,H,, m. p. 175—177°, and from chloroform in 
prisms, probably C;,H,,0,,CHCI,, melting at 161° when quickly 
heated. 

2 : 2’-Di-todo-3 : 3'-dihydroxydianthraquinone (X1).—Attempts to 
prepare this compound by the action of iodine upon the tetra-acetyl- 
di-iododianthranol in pyridine solution having failed (compare 
Perkin and Yoda), 2 : 2’-di-iodo-3 : 3’-dihydroxydianthrone (2 g.) 
was dissolved in 10% sodium hydroxide solution (100 c.c.), the liquid 
well boiled, and, after cooling, 8% potassium ferricyanide solution 
(25 c.c.) slowly added. After 2 hours the suspension was neutralised 
by hydrochloric acid, the dull yellow precipitate collected (1-97 g.), 
and acetylated in pyridine. Without apparent solution, pale 
yellow plates, m. p. 306—308°, of 2 : 2’-di-iodo-3 : 3’-diacetoxydi- 
anthraquinone were obtained. These dissolved in sulphuric acid 
with a crimson colour passing to brown-black—a property of di- 
anthraquinone itself and its 3 : 3’-dihydroxy-compound (loc. cit.). 

3 : 3’-Di-iodo-2 : 2’-dihydroxyhelianthrone (XII).—A solution of 
2 : 2’-di-iodo-3 : 3’-dihydroxydianthrone (0-5 g.) in 5% sodium 
hydroxide solution (25 ¢.c.) was boiled and then filtered into a 
solution of potassium persulphate (1-5 g.) in water (50 c.c.), a 
brown deposit separating. The mixture was acidified and the crude 
helianthrone collected and dried (yield, 0-4 g.). The diacetyl com- 
pound, obtained in the usual manner and recrystallised from 
much acetone, consisted of orange prisms, m. p. 268—270°, which 
gave in sulphuric acid a green solution rapidly becoming blue 
(Found : C, 51-2; H, 2-9. C,.H,,O,I, requires C, 51-2; H, 2-1%). 
A comparison of this compound with the acetylation product of 
the di-iododihydroxyhelianthrone obtained by the direct iodination 
of 2 : 2’-dihydroxyhelianthrone (Joc. cit.) indicated that they were 
identical. 

3:4:6:3':4' : 6’-Hexahydroxydianthrone—To acetylanthra- 
purpurinanthranol (0-4 g.) in acetic acid (2 c.c.), ferric chloride 
(0-6 g.) in acetic acid (1 ¢.c.) was added and the mixture was boiled 
for 2 minutes and then kept at 100° for 1 hour. The green deposit 
(0-25 g.), which consisted of a yellow product mixed with a blue 
amorphous compound, was acetylated with acetic anhydride. The 
latter impurity, being unattacked, was removed by hot filtration, 
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and addition of alcohol to the filtrate caused the separation of 
3:4:6:3':4' : 6’-hexa-acetoxydianthrone as colourless needles, m. p. 
250—251° after recrystallisation from acetone (Found: C, 65-15; 
H, 4:2; CH,°CO,H, 50-1. CygH 30,4 requires C, 65-4; H, 4-1; 
CH,°CO,H, 49-0%). 

The nature of the blue compound has not yet been ascertained. 
It is insoluble in the usual solvents, dissolves in sulphuric acid 
with a yellow coloration, and, as prepared above, contains iron, 
which is evidently in combination, as it is not removed by the 
action of boiling hydrochloric acid. Apparently the same sub- 
stance, in this case iron-free, is in part produced when the hexa- 
acetyldianthrone is digested with boiling alcoholic sulphuric acid; 
this product will be further examined in due course. Subsequent 
experiments have shown that by oxidising anthrapurpurinanthranol 
(5 g.) in alcohol (20 c.c.) and 10% caustic soda solution (10 c.c.) 
(boiling to effect solution and subsequently well cooling) with 
100-volume hydrogen peroxide (10 c.c.), the dianthrone can be 
produced without admixture with this blue substance. After 5 
hours the liquid was diluted with water and acidified with sulphuric 
acid and the dianthrone (4-8 g.) was washed with acetone and with 
ether. It was thus obtained as a pale green, amorphous powder 
which darkened at about 140° and blackened at 240°, but had no 
definite melting point. Although when acetylated it gives the 
crystalline acetyl compound referred to above, it has not itself 
been obtained in a crystalline condition, and indeed separates as a 
green powder when the acetyl compound is hydrolysed with hydro- 
chloric acid in presence of acetic acid. 

When 3:4: 6: 9-tetra-acetoxyanthracene (5 g.) in acetic acid 
(250 c.c.) was exposed to sunlight, colourless prisms slowly separated 
and the liquid, at first pale yellow, developed a green tint. After 
5 weeks, the crystals (1-7 g.), which evidently consisted of 
3:4:6:9:3':4' : 6’ : 9’-octa-acetoxydianthranol, were collected; 
after recrystallisation from acetic acid, they melted at 239—240° 
(Found: C, 64:7; H, 2-0. C,,H,,0,, requires C, 64-6; H, 42%). 

3:4:6:3':4' : 6’-Hexahydroxydianthrone is very susceptible 
to oxidation and its yellow solution in acetone, when boiled, gradu- 
ally develops ared colour owing to the formation of anthrapurpurin, 
for the residue obtained on removal of the acetone gave on acetyl- 
ation triacetylanthrapurpurin, m. p. 227°. Attempts to prepare 
the corresponding hexahydroxydianthraquinone and helianthrone 
from this dianthrone have failed, all gentle methods of oxidation 
giving anthrapurpurin. When the dianthrone (2 g.), suspended in 
ether (50 c.c.), was treated with diazomethane (nitrosomethyl- 
urethane, 8 c.c.), and the crude product crystallised from alcohol, 
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colourless needles of a methyl ether, m. p. 215—216°, were obtained. 
This compound has not yet been further investigated. 


The authors are much indebted to the British Alizarine Co., 
Ltd., for the gift of some quantity of 2-aminoanthraquinone from 
which the 2-hydroxyanthraquinone employed in these experiments 
was prepared. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
THE UNIVERsItTy, LEEDs. [Received, November 15th, 1928.] 





XXVI.—A Synthesis of isoOpianic Acid. 


By SatTyENDRA NaTH CHAKRAVARTI and WILLIAM HENRY 
PERKIN, jun. 


isoOPIANIC acid (1), m. p. 210—211°, was obtained in 1877 (Ber., 
10, 397) by Tiemann and Mendelsohn by converting vanillic acid 
by boiling sodium hydroxide and chloroform into aldehydovanillic 
acid and methylating this with methyl iodide and potassium 
hydroxide. 


CHO CHO 


HO — H —> Me (I.) 
Me O,H Me 0,H Me O,H 


Since that date the acid does not appear to have been further 
investigated. During the course of experiments on the synthesis 
of the opianic acids we have carried out a synthesis of isoopianic 
acid which may be briefly described as follows. The starting point 
was 5-nitro-2 : 3-dimethoxycinnamic acid (II), which was. obtained 
(i) by the nitration of 2 : 3-dimethoxycinnamic acid (Rubenstein, 
J., 1926, 651) and (ii) from 5-nitro-2 : 3-dimethoxybenzaldehyde 
(Davies, J., 1923, 123, 1584; Perkin, Robinson, and Stoyle, J., 
1924, 125, 2357) by condensation with malonic acid in the presence 
of piperidine. The 5-nitro-acid was smoothly reduced by ferrous 
sulphate and ammonia to 5-amino-2 : 3-dimethoxycinnamic acid 
(III) and this was then converted into the corresponding 5-cyano- 
2 : 3-dimethoxycinnamic acid (IV) by the usual Sandmeyer process. 
The next step was the conversion of this acid into 5-cyano-2 :3-di- 
methoxybenzaldehyde (V), which was easily effected by oxidation with 
permanganate in the presence of benzene, and the cyanoaldehyde 
was readily hydrolysed on boiling with concentrated hydrochloric 
acid to isoopianic acid (I), which was identified with the acid 
described by Tiemann and Mendelsohn (loc. cit.) by the melting 
point, 210—211°, and by conversion into the methyl ester, m. p. 

H 
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thus : 

CH:CH-CO,H CH:CH-CO,H CH:CH-CO,H 
Os —> MeO, —> MeO. naire 
Me 0, MeO. NH, MeO. JON 

(II.) (III.) (IV.) 

CHO CHO 


MeO —> MeO 
(V+) Oe MOC. oo, (-) 


ExPERIMENTAL. 


5-Nitro-2 : 3-dimethoxycinnamic Acid (I1).—Most of the acid used 
in this investigation was made by the nitration of 2 : 3-dimethoxy- 
cinnamic acid, the separation from the small quantity of the 6-nitro- 
acid, produced at the same time, being carried out essentially in the 
manner recommended by Rubenstein (loc. cit.). The second method 
of preparation, which is at the same time additional proof of the 
constitution of the acid, was carried out as follows. 5-Nitro- 
2 : 3-dimethoxybenzaldehyde (10 g.), malonic acid (11 g.), and 
piperidine (0-5 c.c.) were heated in pyridine (25 c.c.) solution for 
1} hours on the steam-bath, rapid elimination of carbon dioxide 
taking place ; the interaction was completed by boiling for 10 minutes, 
The product, when poured into excess of dilute hydrochloric acid, 
gave an almost quantitative yield of 5-nitro-2 : 3-dimethoxycinnamic 
acid; this, after being washed and dried, crystallised from glacial 
acetic acid in long colourless needles, m. p. 231° (Found: N, 5:6. 
Cale. for C,,H,,0,N : N, 5°5%). 

The methyl ester. The acid (1 g.), methyl alcohol (10 c.c.), and 
sulphuric acid (1 ¢.c.) were boiled under reflux for 4 hours. The 
methyl alcohol was boiled off, water added, and the methyl ester 
collected, washed with dilute sodium carbonate solution, and 
crystallised from alcohol, separating in needles, m. p. 154—155° 
(Found : N, 5-1. C,,H,,0,N requires N, 5-2%). The ethyl ester, 
prepared by passing hydrogen chloride into a suspension of the acid 
in alcohol, appears to be dimorphous, separating sometimes in thin 
plates and sometimes, especially from concentrated solution, in 
rosettes of needles, m. p. 116°. 

5-Amino-2 : 3-dimethoxycinnamic Acid (III)—The 5-nitro-acid 
(10 g.), dissolved in dilute ammonia, was gradually added to a 
solution of freshly crystallised ferrous sulphate (80 g.) in water 
(160 c.c.) which had been heated to 90° on the steam-bath. Con- 
centrated ammonia (32 c.c.) was then gradually added with shaking, 


98—99°. The various steps in this synthesis may be formulated 
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the mixture heated for } hour on the steam-bath, and the precipitate 
washed with a little dilute ammonia. The filtrate and washings 
were mixed with excess of hydrochloric acid and allowed to stand ; 
the hydrochloride of 5-amino-2 : 3-dimethoxycinnamic acid which 
separated was recrystallised from dilute hydrochloric acid, separating 
in fine needles. The hydrochloride was dissolved in hot water and 
decomposed by adding a saturated solution of sodium acetate; the 
precipitated 5-amino-2 : 3-dimethoxycinnamic acid separated from 
alcohol in glistening prismatic plates, m. p. 233° (decomp.) (Found : 
N, 6-4. C,,H,,0,N requires N, 6-3%). 

5-Cyano-2 : 3-dimethoxycinnamic Acid (IV).—5-Amino-2 : 3-di- 
methoxycinnamic acid (4-4 g.), water (22 c.c.), and concentrated 
hydrochloric acid (4-6 c.c.) were mixed at 0° with a solution of sodium 
nitrite (1-5 g. in 10 c.c. of water) and the diazo-solution, filtered from 
a trace of insoluble matter, was added to a hot solution of potassium 
cupro-cyanide obtained by adding potassium cyanide (5-6 g. in 
i0 c.c. of water) to a solution of copper sulphate (5 g. in 30 c.c. of 
water). The mixture was heated for } hour on the steam-bath, 
cooled, and acidified with concentrated hydrochloric acid, the 
precipitate was collected, washed, and dissolved in cold aqueous 
sodium carbonate, and this solution was filtered and acidified with 
hydrochloric acid. The precipitated cyano-acid erystallised from 
alcohol, with the aid of norite, in needles, m. p. 251° (Found : 
C, 61:5; H, 4:9. C,,H,,0,N requires C, 61:8; H, 4:7%). It is 
almost insoluble in cold water, sparingly soluble in ether or benzene, 
and readily soluble in boiling alcohol. 

5-Cyano-2 : 3-dimethoxybenzaldehyde (V).—The cyano-acid (1 g.), 
dissolved in sodium carbonate solution, was covered with benzene 
(100 c.c.) in a separating funnel and a cold saturated solution of 
permanganate (1-4 g.) was gradually added with vigorous shaking. 
The liquids were filtered, the benzene layer was separated and dried 
over anhydrous sodium sulphate, and most of the benzene was 
distilled off; the cyano-aldehyde (0-6 g.) slowly separated in needles 
and, after recrystallisation from benzene, melted at 135° (Found : 
C, 63-1; H, 4-8. OC, 9H,O,N requires C, 62-8; H, 4-7%). 

isoOpianic Acid  (I).—5-Cyano-2 : 3-dimethoxybenzaldehyde 
(0-5 g.) was heated on the steam-bath with concentrated hydrochloric 
acid (15 c.c.) for 3 hours; on cooling, almost pure isoopianic acid 
crystallised. It was collected, dissolved in cold dilute sodium 
carbonate solution, filtered, reprecipitated, and crystallised from 
water, separating in slender needles, m. p. 210—211° (Found : 
C, 57:0; H, 4:7. Cale. for C,>H,)0;: C,; 57-1; H, 48%). The 
methyl ester was prepared direct from 5-cyano-2 : 3-dimethoxy- 
benzaldehyde by boiling with methyl alcohol and concentrated 
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sulphuric acid under reflux for 4 hours. The product was diluted 
with water and extracted with ether, the ethereal solution washed 
with dilute aqueous sodium carbonate and dried over anhydrous 
sodium sulphate, the ether evaporated, and the residue crystallised 
from water, from which it separated in needles, m. p. 98—99° as 
stated by Tiemann and Mendelsohn (loc. cit.). 


Tse Dyson PEeRRINS LABORATORY, 
OxFoRD. [Received, December 4th, 1928.] 


XX VII.—Synthesis of 3: 10-Dimethoxytetrahydroproto- 
berberine. 


By SatyEnDRA Nato CHAKRAVARTI and WILLIAM HENRY 
PERKIN, jun. 


ATTENTION has been directed (J., 1927, 2267, 2275) to the interest 
attaching to the synthesis of alkaloids which, although built up on 
the palmatine—berberine skeleton, do not contain the pyrocatechol 
nuclei so widely met with in the substances of this group which 
occur in nature. With the object of synthesising such substances 
and also of determining their ease of formation and of comparing 
their properties and the properties of their salts with those of the 
naturally occurring alkaloids, two series of experiments were 
undertaken. ‘In the first place, the synthesis of the parent sub- 
stance of this group, tetrahydroprotoberberine (I), was successfully 
carried out and it was shown (i) that this substance is much more 
difficult to synthesise than the derivatives, such as tetrahydro- 
berberine, which contain two pyrocatechol nuclei, and (ii) that the 
protoberberinium salts (II) derived from it by oxidation differ in 
many ways from the corresponding berberinium salts; for example, 
instead of being bright orange or orange-yellow, they are only very 


slightly coloured. 
No “Nf a) 


se 
(I.) H 

i CH, yy, N H, 
2 H, HC X 


The second series of experiments was concerned with the synthesis 
of alkaloids of an intermediate type containing, in the place of the 
two pyrocatechol nuclei, two benzene rings each containing one 
methoxy-group. The two substances selected for synthesis were 
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3: 11-dimethoxytetrahydroprotoberberine (III) and 3: 10-di- 
methoxytetrahydroprotoberberine (IV).* 


oe 
N ‘H, yj 


The synthesis and solaiten of the substance am, neve already 
been described (loc. cit., p. 2267) and the present communication 
deals with the synthesis and properties of the isomeride (IV). After 
several attempts to effect the synthesis on lines similar to those laid 
down in the case of the alkaloid (IIT) had proved unavailing, the 
desired result was achieved by making use of a scheme of synthesis 
based on the conversion of meconinecarboxylic acid into oxyber- 
berine by Perkin, Ray, and Robinson (J., 1925, 127, 740). In 
employing this method, it was necessary in the first place to prepare 
4-methoxyphthalidecarboxylic acid (VIII), and this we thought 
might be obtained by making use of the following series of changes : 


CHO 
wot bo, 0° “Oe poe m@: Wem 


(V.) (VII. ) 


CH(OH)-CN 
2 


(VIII.) 


m-Methoxybenzoic acid (V) readily condenses with formaldehyde 
in the presence of hydrochloric acid under the conditions described 
by Edwards, Perkin, and Stoyle (J., 1925, 127, 197), giving a good 
yield of 4-methoxyphthalide (VI), and the attempt was made to 
oxidise this with manganese dioxide and sulphuric acid to 4-methoxy- 
phthalaldehydic acid (VII) under the conditions which so readily con- 
vert meconine into opianic acid. Unfortunately the oxidation could 
not be arrested at this stage, the main product being always 4-meth- 
oxyphthalic acid (IX) and therefore the scheme had to be abandoned. 
This easy method of preparation of 4-methoxyphthalic acid is, how- 
ever, of interest, because this acid has been obtained as a degradation 
product both of thebaol (Pschorr, Seyden, and Stéhrer, Ber., 1902, 


* The nomenclature and numbering are discussed in J., 1925, 127, 1462. 
H2 
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35, 4401) and of colchicine (Windaus and Schiele, Nachr. Ges. 
Wiss. Gottingen, 1923, 17). We ultimately succeeded in preparing 
4-methoxyphthalidecarboxylic acid (VIII) by acting on methy] 
4-methoxybenzoate with chloral hydrate and sulphuric acid under 
the conditions recommended by Fritsch (Annalen, 1897, 296, 351) 
for the preparation of substituted een CHICO) 
The 4-methoxytrichloromethylphthalide, MeO-C,H,< semeititadl 0’ 
obtained in this way yielded 4-methoxyphthalidecarboxylic tie on 
hydrolysis with sodium hydroxide. 

The acid chloride, obtained on treatment with thionyl chloride, 
condensed readily in benzene solution with @-m-methoxyphenyl- 
ethylamine (Helfer, Helv. Chim. Acta, 1924, 7, 945), yielding 
4-methoxyphthalidecarboay-f-m-methoxyphenylethylamide (X). When 
this was heated with phosphorus oxychloride, and the product 
decomposed with ice, a basic substance separated which, on re- 
duction with zinc dust and acetic acid, was converted into a colour- 
less substance, m. p. 180°, having all the properties of a compound 
of the oxyberberine type and this is doubtless 3 : 10-dimethoxy- 
oxyprotoberberine (XI) (compare Perkin, Ray, and Robinson, 
loc. cit.). 


ir on et ae 
wh Xb co —> OO Oe 


(X.) (XI.) 


When this Cts was reduced electrolytically, it yielded a 
colourless crystalline tetrahydro-alkaloid, m. p. 139°, which is 
doubtless 3: 10-dimethoxytetrahydroprotoberberine (IV), and _ in 
all its properties this isomeride shows the closest resemblance to 
the 3: 11-dimethoxytetrahydroprotoberberine (III), m. p. 111’, 
obtained in the manner described in the earlier communication (J., 
1927, 2267). 

The points of general interest emphasised in connexion with the 
synthesis and properties of the 3: 11-isomeride (loc. cit., p. 2269) 
are equally applicable to the present case and need not be repeated. 


EXPERIMENTAL. 


m-Methoxybenzoic acid may be obtained in a yield of 90% by 
the following method : m-Methoxybenzaldehyde (10 g.) (Chakra- 
varti, Haworth, and Perkin, J., 1927, 2269) is oxidised, in hot 
acetone solution, with 10% aqueous permanganate (120 c.c.), 
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sufficient acetone being added from time to time to keep the 
aldehyde in solution. After the manganese precipitate has been 
filtered off and washed, the alkaline solution is distilled to remove 
acetone, filtered, and acidified; a voluminous precipitate of almost 
pure m-methoxybenzoic acid then separates which may be obtained 
in colourless needles, m. p. 109—110°, by crystallisation from water. 

Methyl m-methoxybenzoate is readily prepared by saturating a 
solution of the acid (10 g.) in methyl alcohol (50 c.c.) with hydrogen 
chloride and refluxing for 4 hours. Water is added, the oil extracted 
with ether, the ethereal solution well washed with dilute aqueous 
sodium carbonate and dried over sodium sulphate, and the ether 
removed ; when the residue is distilled under 10 mm. the methyl 
ester passes over at 121—124°. 

4-Methoxyphthalide (V1).—-(i) m-Methoxybenzoic acid (2 g.), 
formaldehyde solution (6 c.c. of 40%), and concentrated hydrochloric 
acid (10 c.c.) were heated together on the steam-bath for 1 hour. 
The product was diluted with water and cooled; 4-methoxy- 
phthalide containing some unchanged acid then separated. The 
solid was shaken with dilute sodium carbonate solution, and the 
undissolved part crystallised from methyl alcohol and then from 
water, from which the substance separated in long needles, m. p. 
120°, identical with the 4-methoxyphthalide obtained by Fritsch 
(loc. cit.) (Found: C, 65-8; H, 4-9. Cale. for CJH,O,: C, 65-8; 
H, 4:9%). 2 

(ii) A slightly improved yield was obtained when m-methoxy- 
benzoic acid (3 g.), dissolved in hot glacial acetic acid (10 c.c.), was 
mixed with concentrated hydrochloric acid (15 c.c.) and formaldehyde 
(6 c.c. of 40%) and boiled for an hour. Excess of sodium carbonate 
was added, the whole shaken with chloroform, the extract dried over 
potassium carbonate, the solvent removed, and the 4-methoxy- 
phthalide recrystallised as before. 

4-Methoxyphthalic Acid (IX).—The phthalide (2 g.), dissolved in 
warm sodium hydroxide solution (100 c.c. of 5%), was oxidised in 
the cold by the gradual addition of permanganate solution (3 g. in 
100 c.c. of water). After 24 hours, the mixture was warmed for a 
few minutes on the steam-bath, sulphur dioxide passed in, hydro- 
chloric acid added, and the whole concentrated to a small bulk and 
left in the ice-chest; 4-methoxyphthalic acid then separated in 
needles. | The acid crystallised from water, in which it is readily 
soluble, in needles, melting at 168—170° with loss of water and 
formation of the anhydride, m. p. 95° (Found: C, 55:0; H, 4:1. 
Cale. for C,H,0,: C, 55-1; H, 4:1%). 

4-Methoxyphthalidecarboxylic Acid. (VIII).—This acid was pre- 
pared by the following modification of Fritsch’s method (loc. cit., 
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p. 355). A mixture of methyl m-methoxybenzoate (10 g.), chloral 
hydrate (10 g.), and sulphuric acid (100 g.) was left for 5 days, 
being shaken from time to time. The product was poured on ice, 
and the precipitate was collected, washed, and crystallised from 
alcohol, a nearly quantitative yield of 4-methoxytrichloromethyl. 
phthalide, m. p. 135°, being obtained. This substance was warmed 
with an equal weight of sodium hydroxide in water (6 parts) until 
solution was complete. After being extracted with ether, the 
alkaline solution was acidified with concentrated hydrochloric acid 
and left for several hours; almost pure 4-methoxyphthalidecarb. 
oxylic acid then separated : after recrystallisation from benzene, it 
had m. p. 170°. 
4-Methoxyphthalidecarboxy-B-m-methoxyphenylethylamide  (X).— 
4-Methoxyphthalidecarboxylic acid (5 g.) and thionyl chloride 
(20 c.c.) were gently boiled for 2 hours in a reflux apparatus fitted 
with a calcium chloride tube. The excess of thionyl chloride was 
completely removed by distillation below 100° in a vacuum, and the 
acid chloride was dissolved in benzene (50 c.c.) and gradually added 
to a benzene solution of 8-m-methoxyphenylethylamine (prepared 
from 5-5 g. of the hydrochloride). After 12 hours, the mixture was 
boiled under reflux for 2 hours, concentrated, and left in the ice- 
chest ; most of the amide then crystallised. It was ground with 
very dilute sodium carbonate solution, collected, and recrystallised 
from alcohol, separating in rosettes of needles (8 g.), m. p. 129° 
(Found: C, 66-6; N,5°5. C,,H,,O;N requires C, 66-9; H, 5-5%). 
3 : 10-Dimethoxyoxyprotoberberine (X1I).—The above amide (5 g.) 
and freshly distilled phosphorus oxychloride (50 c.c.) were heated 
together in a reflux apparatus, fitted with a calcium chloride tube, 
on the steam-bath for 6 hours. The product was decomposed by 
the careful addition of crushed ice, the liquid filtered, and the bright 
yellow filtrate rendered faintly alkaline with dilute sodium hydr- 
oxide solution. The ochre-coloured base which was precipitated 
was collected, washed with water, and dried in the air on porous 
porcelain. As the attempt to recrystallise the substance was un- 
successful, the whole was mixed with glacial acetic acid (125 c.c.), 
zinc dust (25 g.), and a few small crystals of copper sulphate and 
boiled for 5 minutes ; a second similar portion of zinc dust was then 
added and the boiling continued for $ hour. The cold product was 
diluted with a large volume of ethyl acetate, the solution washed 
several times with dilute hydrochloric acid, then with aqueous 
sodium hydroxide and with water, dried over potassium carbonate, 
and filtered, and the solvent removed by distillation. The pale 
yellow, crystalline residue was recrystallised several times from 
aleohol and obtained as a mass of almost colourless needles (3 g.), 
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m. p. 180° (Found: C, 74:5; H, 5-4; N, 4-7. C,,gH,,0O,N requires 
0, 743; H, 5-5; N, 46%). 

3: 10-Dimethoxyoxyprotoberberine dissolves to a faint violet 
solution in concentrated sulphuric acid, and the addition of a drop 
of concentrated nitric acid develops first a green and then a deep 
bluish-violet coloration which finally changes to a fine orange-red : 
on dilution with water the colour is discharged. 

3 : 10-Dimethoxytetrahydroprotoberberine (IV).—3 : 10-Dimethoxy- 
oxyprotoberberine (1 g.), dissolved in a mixture of alcohol (60 c.c.) 
and concentrated sulphuric acid (30 c.c.), was reduced in an electro- 
lytic cell by a current of 6 amps. for 24 hours, the temperature being 
kept below 30°. The colourless solution was diluted with water and 
filtered, and the filtrate made strongly alkaline with sodium 
hydroxide and extracted with chloroform. The extract was dried 
over potassium carbonate, the solvent removed, and the solid residue 
converted into the sparingly soluble hydrochloride by the addition of 
dilute hydrochloric acid. This was recrystallised from water with 
the aid of norite, and the pure hydrochloride was dissolved in water 
and mixed with sodium hydroxide. The nearly pure 3: 10-di- 
methoxytetrahydroprotoberberine separated from methyl alcohol in 
colourless prisms, m. p. 139° (Found : C, 77-5; H, 7-1, C,9H,,O.N 
requires C, 77-3; H, 7-1%). 


One of us (S. N. C.) desires to thank the United Provinces Govern- 
ment for a scholarship which has enabled him to take part in these 
researches. 


THe Dyson Prerrins LABORATORY, 
OXFORD. [Received, December 4th, 1928.] 





XX VIII.—Studies in Keto-lactol Tautomerism. Part I. 
Ring-chain Tautomerism in a-Carboxy-y-acetyl-BB- 
dimethylbutyric Acid and a Synthesis of y-Acetyl-BB- 
dimethylbutyric Acid. 


By MuwaMMAD QupDRAT-I-KHUDA. 


RING-CHAIN tautomerism has been divided by Kon, Stevenson, and 
Thorpe (J., 1922, 121, 651) into two types, namely, keto-cyclol 
tautomerism, which has been exhaustively investigated by Thorpe 
and his collaborators (Deshapande and Thorpe, J., 1922, 121, 1432 ; 
Singh and Thorpe, J., 1923, 123, 114; Bains and Thorpe, 1id., 
p. 1207; Lanfear and Thorpe, ibid., pp. 1685, 2868), and keto- 
lactol tautomerism, as an example of which y-keto-«$8-trimethyl- 
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glutaric acid (Balbiano’s acid) may be cited: this reacts in both 
the keto-form (II) and the hydroxy-ring form (III) (Kon, Stevenson, 
and Thorpe, loc. cit.); its lower homologue exists in the keto-form 
(I) (Perkin and Thorpe, J., 1901, 79, 757), and the next higher 
homologue only in the hydroxy-ring form (IV) (Rothstein and 
Shoppee, J., 1927, 532). 


CO-CO,H C(OH)-CO,H 
(I.) Me,0C Me,C< >0O (IV.) 
CH,°CO,H CMe,°CO 


CO-CO,H ((OH)-CO,H 
(IL) Me,CC <> Mec SO (UL) 
CHMe-CO,H CHMe-CO 


In the present series of papers, evidence will be brought forward 
of the existence of the latter type of tautomerism in some 8-ketonic 
acids. The effect of alteration of the carbon tetrahedral angle, due 
to the presence of different substituents, on the tautomeric character 
of the various acids will also be examined. 

a-Carboxy-y-acetyl-88-dimethylbutyric acid has been prepared 
by the alkaline hydrolysis of the condensation product of cyano- 
acetamide and mesityl oxide (compare Vorlinder and Gartner, 
Annalen, 1898, 304, 17). Its reactions cannot be fully explained 
by the keto-formula (V) and it is necessary to assume that under 
certain conditions the acid exists in its lactol modification (VI). 


CH,°COMe CH, C(OH)Me 
(v.) Me,CK” Me,CC a ty 
CH(CO,H), CH(CO,H)-CO 
When mesityl oxide is condensed with cyanoacetamide in the 
presence of a small quantity of sodium ethoxide, 6-hydroxy-2-keto- 
3-cyano-4 : 4: 6-trimethylpiperidine (VII) is formed. Kohler and 
Souther, however (J. Amer. Chem. Soc., 1922, 44, 2906), by the 
condensation of cyanoacetamide with phenyl styryl ketone (also 
an af-unsaturated ketone), obtained the amide corresponding to 
the open-chain formula (VIII). 


CH,——C(OH)Me CH,*COMe 
(VII.) Me,CC aut Me,CC (VIL) 
CH(CN)-CO CH(CN)-CO-NH, 


The compound (VII) does not lose ammonia on treatment with 
dilute sodium hydroxide solution and gives the tetrahydropyridine 


derivative, Me,C<CHs— CMe. ny (IX), on dehydration with phos- 
2 (ON)-C y' 


phorus oxychloride. The constitution thus indicated is confirmed 
by the synthesis of the compound from the open-chain cyano-ester 
(X): this, on treatment with ammonia, gives a crystalline com- 
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pound (XI) which, on being heated with alcoholic sodium ethoxide, 
is quantitatively converted into the compound (VII). 
CH,"COMe CH,°CMe(OH)-NH, 

(X-) MesC<on(on)-co,Et Me:C<opiony.co-wH, ° &!) 

The compound (VII), when hydrolysed with concentrated aqueous 
potash, gives as the sole product the acid (V), the ethyl ester (XII) 
of which, on treatment with alcoholic sodium ethoxide, changes 
f almost quantitatively into ethyl 5: 5-dimethyl-5 : 6-dihydro- 
resorcinol-4-carboxylate (XIII) (Vorlander, Annalen, 1897, 294, 


300). 

, + -CH,"CO-CH. eeqcene rs | 
(XI) MexC<oH(00,Et),, Me,C<GH7c0, Et): CO>CH, (XH) 

The acid (V) on oxidation with sodium hypobromite solution gives 
«-carboxy-8-dimethylglutaric acid, CO,H*CH,*CMe,°CH(CO,H), 
(XIV) (Perkin and Goodwin, J., 1896, 69, 1473), which changes into 
88-dimethylglutaric acid, CMe,(CH,°CO,H), (XV), on heating. 

Hydrolysis of (VII) with concentrated hydrochloric acid yields 
as the principal product a neutral crystalline solid, m. p. 137°, 
which gives the acid (V) when heated with dilute sodium hydroxide 
solution and is therefore probably the dilactone (XVI) (Vorlander 
and Gartner, Annalen, 1898, 304, 16); it is produced from the 
acid (V) almost quantitatively by heating with concentrated 
hydrochloric acid and quantitatively by the action of any dehydrat- 
ing agent. : 

The acid (V) decomposes at 130—140°, giving a mixture contain- 
ing the keto-monobasic acid (XVII) and the dilactone (XVI) in 
relative quantities which suggest that the parent acid is a mixture 
of the forms (V) and (VI), the generators of (XVII) and (XVI) 
respectively, approximately in the ratio 3: 1. 


CH,COMe H,*C(OH)Me 
Me,0C Me 0 
pO — a CH,°CO,H CH,-CO 
(XVI.) (XVIL.) (XVIIL.) 


The proof of the existence of the hydroxyl group in the lactol 
form (VI) of the acid (V) is difficult to obtain. The ease with which 
lactonisation takes place precludes the formation of the acetyl 
derivative. It seemed probable that the desired evidence might 
be obtained if the possibility of dilactone formation were prevented, 
and therefore the keto-monobasic acid (XVII; lactol form, X VIII) 
was investigated. 

Meerwein and his collaborators have observed (J. pr. Chem., 1927, 
116, 536) that 8-phenyl-yy-dimethylglutaraldehydic acid (XIX) and 
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the 3-keto-aldehyde (XX) sometimes react as their lactol forms (X X1) 
and (XXII) respectively. It was expected that the acid (XVII) 
would exhibit similar properties. The acid was prepared, as already 


xix.) CeHs *CH-CH,°CO,H C.H;*CH-CH,-CO-C,H 
Me,C-CHO Me,C-CHO 


C.H,-CH-CH,-CO C,H.-CH—CH:0-C,H 
(XXI. 5 6tts 6 
) "Me,6-CH(OH)>0 Me,0-CH(OH)>O 


mentioned, from the acid (V). It had previously been obtained by 
Bredt (Annalen, 1898, 299, 177) and by Vorlinder and Gartner 
(loc. cit.). Its constitution was further proved by an independent 
synthesis of its ethyl ester (X XV) from ethyl hydrogen 88-dimethyl- 
glutarate (XXIII), through the acid chloride (XXIV) with zine 
methyl iodide. The ester was completely converted into Vorlander’s 


CH,-CO,H H,-COCI CH,-CO-CH, 
MeC<on;-co,Et  Mes<opi-co,et Me<cH?-co, rt” 
(XXIIL) (XXIV.) (XXV.) 


dimethyldihydroresoreinol (XX VI) (Annalen, 1897, 294, 314) by 
alcoholic sodium ethoxide. The acid (XVII), on esterification with 
alcohol and mineral acid, gave the normal ester (XXV). The 
identity of the two esters was established by analysis and by the 
melting point of a mixture of their semicarbazones. The free acid 
was prepared from the synthetic ester and identified, by means of the 
semicarbazones, with the acid obtained from (X). Although the 
free acid appears to have the normal ketonic structure (XVII), it 
reacts in the isomeric hydroxy-form (XVIII) in presence of acetyl 
chloride, when, instead of the acetyl compound (X XVII), the 
unsaturated lactone (XXVIII) is obtained through elimination of 
the hydroxyl group as water. 


CH,°CO CH,°C(OAc)Me 
(XXVI) MeCC Me, SO. (XXVIL) 
CH,°CO 
a nen CH,*CHMe 
(XXVIII.) Me og >0O Me O (XXIX.) 
* \CH,-CO c acne 

The unsaturated lactone can be meee to the keto-acid 
(XVII) with alcoholic caustic potash. The keto-acid (XVII) on 
reduction with sodium and alcohol gives a good yield of the saturated 
lactone (XXIX). A study of the action of potassium cyanide on 
these lactones and of the synthesis of trisubstituted adipic acids is 
now in progress. 

The proximity of a methylene group to the keto-group in the acid 
(XVII) makes the elimination of a molecule of water an easy matter, 


5 (XX.) 


5 (XXII) 
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and consequently the unsaturated lactone (XXVIII) is readily 
obtained. But if the y-carbon atom were substituted, more definite 
evidence of the existence of the hydroxy-phase of these keto-acids 
should be obtained. Experiments in this direction are in progress 
and the 8-keto-acid derived from the acid ester of camphoric acid 
does actually show interesting properties; the results, however, will 
form the subject of a future communication. 


EXPERIMENTAL. 

6- Hydroxy -2-keto-3-cyano-4 : 4 : 6-trimethylpiperidine (VII).— 
When a solution of sodium (2-3 g.) in absolute alcohol (500 c.c.) is 
mixed with powdered cyanoacetamide (84 g.) and mesityl oxide 
(108 ¢.c.) and well shaken, after 10—15 minutes crystals begin to 
separate and the alcohol sometimes boils. After 12 hours, the 
crystals are collected and washed with absolute alcohol; the mother- 
liquor and washings, when neutralised with hydrochloric acid and 
concentrated, give a few grams more of the same product (total 
yield, almost theoretical). The solid, after crystallising from ethyl 
alcohol and drying in the steam-oven, melts at 272° with charring 
(Found: C, 59-4; H, 7-5. C,H,,0,N, requires C, 59-3; H, 7-7%). 
It is somewhat soluble in water, soluble in hot alcohol, and insoluble 
in ether, benzene and chloroform. Sodium nitrite in cold acetic acid 
solution has no action on it. 

2-Keto-3-cyano-4 : 4: 6-trimethyl-2 : 3 : 4 : 5-tetrahydropyridine 
([X).—The preceding compound (18 g.) is heated with phosphorus 
oxychloride (15 c.c.) on the steam-bath for 2 hours and the viscous 
mass obtained on cooling is treated with ice and a slight excess of dilute 
sodium carbonate solution. The precipitate obtained, after being 
washed with water and dried (9 g.), crystallises from hot dilute acetic 
acid in slender short needles, m. p. 253° (Found: C, 65-3; H, 7-1. 
CyH,,ON, requires C, 65-8; H, 7-3%), which are very solubie in 
alcohol, appreciably soluble in dilute mineral acids, but insoluble in 
ether, chloroform and benzene. 

Ethyl «-Cyano-y-acetyl-88-dimethylbutyrate (X).—A solution of 
sodium (1-2 g.) in absolute alcohol (150 c.c.) is mixed with ethyl 
cyanoacetate (56 g.) and mesityl oxide (54 c.c.) and heated on the 
steam-bath for 4 hours; the alcohol is then distilled off and the 
residue poured into water. Ether extracts a liquid which, when 
washed, dried, and fractionated in a vacuum, gives first unchanged 
mesityl oxide and ethyl cyanoacetate and then the ketocyano-ester 
(X) as a colourless mobile liquid, b. p. 160°/16 mm., d?* 1-03705, 
n}* 1-44652, whence [R,]) 54:39 (calc., 54-43) (Found: C, 62-0; 
H, 8-0. C,,H,,0,N requires C, 62-5; H, 80%). The yield is about 
70%. The semicarbazone, crystallised from dilute methyl alcohol, 
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melts at 166:5° (Found: C, 53:8; H, 7:8. C,,H,,03N, requires 
C, 53-7; H, 7-5%). 

Action of Aqueous Ammonia on Ethyl «-Cyano-y-acetyl-88-dimethyl- 
butyrate——When the ester (25 g.) is mixed with aqueous ammonia 
(24 c.c., d 0-880) and occasionally shaken, the separate layers dis. 
appear after 24 hours, and after another 24 hours crystals begin to 
form. Next day, the whole is cooled in a freezing mixture and 
diluted with acetone and the crystals are collected and dried in the 
air. On recrystallisation from water, 5-amino-3-hydroxy-«-cyano- 
68-dimethylhexoamide (XI) is obtained in crystals containing 3H,0, 
m. p. 87° (decomp.) (Found: C, 42:7; H, 9-1. C,H,,0,N;,3H,0 
requires C, 42:7; H, 9-1%). It is soluble in water and in alcohol, 
but crystallises from the former only when the solution is cooled in 
ice. It is very sparingly soluble in hot chloroform and acetone and 
insoluble in ether and benzene. When left in a vacuum desiccator, 
it loses a part of its water and is converted into a sticky mass. 
It decomposes in the steam-oven, and loses ammonia when heated 
with water at 100°. It does not give a semicarbazone. 

Hydrolysis of the Condensation Product (VII) with Concentrated 
Hydrochloric Acid. Formation of the Dilactone (XVI).—The 
powdered condensation product (20 g.) is heated with 100 c.c. of 
concentrated hydrochloric acid on the steam-bath for 4 hours, and 
the crystalline product is separated from the cooled, diluted solution 
and washed with and recrystallised from dilute alcohol, the dilactone 
being obtained in long prismatic needles, m. p. 137° (Found: C, 
58:7; H, 68. C,H,,0, requires C, 58-7; H, 65%), sparingly 
soluble in cold alcohol, difficultly soluble in ether and hot benzene, 
and freely soluble in hot alcohol. At 200°, it slowly decomposes with 
loss of carbon dioxide and production of the unsaturated lactone 
(XXVIII). The dilactone is also produced by hydrolysis of (LX) or 
(X) with concentrated hydrochloric acid. 

Hydrolysis of the Condensation Product (VII) with Concentrated 
Potassium Hydroxide Solution. Formation of «-Carboaxy-y-acetyl- 
88-dimethylbutyric Acid (V).—The compound (VII) (36 g.) is heated 
with a solution of potassium hydroxide (32 g.) in 130 c.c. of water 
until ammonia ceases to be evolved (about 28 hours). The cooled, 
diluted solution is acidified with concentrated hydrochloric acid, 
with cooling, and saturated with ammonium sulphate. Ether then 
extracts the acid (V), which crystallises from chloroform—petrol in 
stout prisms, m. p. 95° (Found : C, 53-4; H,7-0. Calc. for C,H,,0;: 
C, 53-4; H, 69%. Found: Ag, 51-8. Calc. for Cj,H,.0;Ag,: 
Ag, 51-9%). 

The semicarbazone of (V) crystallises from a small quantity of 
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water in short prisms, m. p. 177° (Found: C, 46-3; H, 6-8. Cale. : 
C, 46-3; H, 66%). The ethyl ester (XII), prepared by means of 
alcoholic hydrogen chloride, has b. p. 153°/12 mm., d%* 1-03921, 
nX* 1-4413, whence [R,;]p = 65-59 (calc. for normal ester, 65-55) 
(Found: C, 60-0; H, 8-5. Cale.: C, 60-4; H, 85%); its semi- 
carbazone melts at 76° (Found: C, 52-8; H, 7-9. Calc.: C, 53-3; 
H,7:9%). The same ester is obtained when the original condensation 
product is hydrolysed with alcoholic hydrogen chloride. 

Oxidation of «-Carboxy-y-acetyl-88-dimethylbutyric Acid.—The 
acid (10 g.) is dissolved in 40 c.c. of 10% sodium hydroxide solution 
and added to a solution of hypobromite (Br, 12 c.c.; H,O, 150 c.c. ; 
10% NaOH soln., 200 c.c.), cooled in ice. After 1} hours, the 
bromoform is extracted with ether and the alkaline solution is treated 
with sulphur dioxide, acidified with hydrochloric acid, and saturated 
with ammonium sulphate. Ether then extracts «-carboxy-$§-di- 
methylglutaric acid (XIV), m. p. 173° (decomp.) (compare Perkin 
and Goodwin, loc. cit.). 

Behaviour of «-Carboxy-y-acetyl-88-dimethylbutyric Acid (V) on 
Heating. —The acid (5 g.) was heated in a bath at 130—140° for 
5 hours. An ethereal solution of the cooled melt, when shaken with 
dilute sodium carbonate solution, dried, and evaporated, left 1-15 g. 
(equivalent to 25% of the dibasic acid) of the dilactone (XVI); 
the alkaline extract gave on acidification a quantity of the acid 
(XVII) representing 72% of the dibasic acid: 97% of the total 
material is thus accounted for. 

Different quantities of the dibasic acid were heated in this way, 
but the weight of dilactone isolated always represented 25—27% of 
the dibasic acid. 

y-Acetyl-68-dimethylbutyric acid (XVII), obtained as described 
above, is a somewhat viscous liquid, b. p. 162°/25 mm., d}?* 1-03646, 
ni* 1-44652, whence [R,], =40-6 (calc., 40-69) (Found for the silver 
salt: Ag, 40-4. C,H,,0,Ag requires Ag, 40-7%). The semi- 
carbazone melts at 172° (decomp.) (compare Vorlinder and Gartner, 
loc. cit.). 

The ethyl ester (X XV) is obtained by the alcohol—hydrogen chloride 
method as a colourless mobile liquid with a rather characteristic 
odour, b. p. 112°/17 mm., d}?* 0-96248, nif* 1-43047, whence [Rz]p 
= 49-97 (calc. for the normal ester, 50:05) (Found: C, 64-4; 
H, 9-6. Cale.: C, 64-5; H, 9-7%) ; its semicarbazone crystallises from 
dilute methyl alcohol in lustrous flat needles, m. p. 114° (Found : 
C, 54-6; H, 9-3. Cale.: C, 54:3; H, 8-6%). 

Synthesis of Ethyl -y-Acetyl-88-dimethylbutyrate (XXV).—£8-Di- 
methylglutaric anhydride is heated with twice the calculated 
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quantity of absolute alcohol on the steam-bath for 3—4 hours; the 
excess of alcohol is then removed under reduced pressure and water 
added. The precipitated oil is taken up in ether and shaken with 
sodium carbonate solution. The alkaline solution on acidification 
gives ethyl hydrogen 88-dimethylglutarate, which is dissolved in ether, 
dried, and distilled in a vacuum; b. p. 164°/16 mm., di!" 1-05574, 
ni" 1-4403, whence [R;]) = 46-97 (calc., 46-95) (Found for the silver 
salt: Ag, 36-6. C,H,,0,Ag requires Ag, 36-6%). 

This ester (40 g.) and thionyl chloride (36 c.c.) are heated on the 
steam-bath for an hour and the product is distilled in a vacuum; 
the acid chloride is obtained as a colourless mobile liquid (41 g.), 
b. p. 117°/16 mm. 

A well-cooled benzene solution of zinc methyl iodide obtained from 
55 g. of zine—-copper couple, 44 c.c. of methyl iodide, 21 c.c. of ethyl 
acetate, and 50 c.c. of benzene is diluted with 100 c.c. more of the 
dry solvent and the acid chloride (41 g.) in dry benzene (30 c.c.) is 
slowly added. After 1 hour, the excess of zinc methyl iodide is 
decomposed with ice and dilute sulphuric acid, and the benzene 
solution is washed with water, dilute sodium hydroxide solution, 
and again with water and then dried and fractionated in a vacuum ; 
the keto-ester (X XV) distils at 126—128°/13 mm. After purification 
through the semicarbazone it has b. p. 113°/18 mm., d®* 0-96323, 
n?* 1-43067, whence [R,], = 49-95 (Found: C, 64-4; H, 9-9%). 
The semicarbazone prepared from it (Found: C, 54:1; H, 8-6%) 
melts at 114°, alone or mixed with the semicarbazone of the ester 
from the acid (XVII). 

Action of Acetyl Chloride on y-Acetyl-88-dimethylbutyric Acid.— 
After a mixture of the acid (X VII) (15 g.) and acetyl chloride (13 c.c.) 
has been kept at the ordinary temperature for 2 days, the solution is 
poured on ice and the oil is extracted with ether, washed with dilute 
sodium carbonate solution, dried, and distilled. A colourless, 
mobile liquid with the characteristic odour of the unsaturated lactone 
(XXVIII) is obtained, b. p. 82°/10 mm., d?* 0-98658, n®* 1-45573, 
whence [R,], = 38°55 (calc., 38-13) (Found: C, 68-6; H, 9-0. 
Cale: for C,H,,0,: C, 68-5; H, 86%) (compare Bredt, Annalen, 
1898, 299, 179). 

Preparation of 668-Trimethylvalerolactone (XXIX).—The acid 
(XVII) (10 g.) is reduced with sodium (11 g.) and boiling absolute 
alcohol (185 c.c.) and after 24 hours’ heating the alcohol is distilled 
in steam, the residue acidified with concentrated hydrochloric acid, 
and the oil extracted with ether, washed with sodium carbonate 
solution, dried, and distilled. The lactone (6-6 g.), a colourless mobile 
liquid with a faint lactonaceous odour, has b. p. 120°/18 mm., di 
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0-98039, ni’ 1-44743, whence [R,], = 38-73 (calc., 38-70) (Found : 
C, 67-1; H, 9-8. C,H,,0, requires C, 67-6; H, 9-8%). 


In conclusion, the author wishes to acknowledge his indebtedness 
to Professor J. F. Thorpe, C.B.E., F.R.S., for his kind interest in this 
investigation and to the Government of Bengal for a foreign scholar- 
ship and a grant towards the purchase of chemicals. The author 
also desires to thank Dr. J. C. Bardhan of this laboratory for his 
friendly advice. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonvon, 8.W. 7. [ Received, November 6th, 1928.] 


XXIX.—A Synthesis of isoNaphthathioxin. 
By Aaron CoHEN and SamMuEL SMILEs. 


DEHYDRATION of 2-naphthol 1-sulphide (I) gives «@«’@’-naphtha- 
thioxin (Mauthner, Ber., 1906, 39, 1346), and similar treatment of 
iso-8-naphthol sulphide yields isonaphthathioxin (J., 1913, 103, 
347, 909), which is also obtained from dehydro-8-naphthol sulphide 
by means of acetyl iodide (J., 1914, 105, 1741). For many reasons 
which need not be here enumerated, the constitutions assigned to 
iso-8-naphthol sulphide (Lesser and Gad, Ber., 1923, 56, 963) and 
to dehydro-@-naphthol sulphide (Hinsberg, J. pr. Chem., 1915, 91, 
307) are unsatisfactory. In seeking further information concerning 
them it seemed necessary as a first step to determine the structure 
of isonaphthathioxin, since this substance is simply related to both. 
«8a’8’-Naphthathioxin being known, syntheses of the «$f’«’- and 
Sa8’a’-derivatives were required for comparison of these materials 
with isonaphthathioxin. A preliminary account of experiments 
directed to the synthesis of «88’«’-naphthathioxin has already been 
communicated (J., 1926, 957), since attempts having the same object 
were recorded elsewhere (Lesser and Gad, Ber., 1925, 58, 2557) while 
the work was in progress. 

All attempts to sulphurate 1 : 2’-dinaphthyl oxide having failed, 
di-l-iodonaphthyl 2-disulphide was heated with sodium 2-naphth- 
oxide in presence of copper; but the expected 2-disulphide of 
1 : 2’-dinaphthyl oxide was not obtained, the only definite product 
encountered being the dinaphthathianthren which results from the 
action of copper on the disulphide alone (J., 1928, 1149). Attention 
was therefore directed to the derivatives of 1 : 2’-dinaphthyl sulphide, 
Dehydration of a 2: 1'-dihydroxy-derivative (J., 1926, 957) was 
tried without success, but it was expected that halogen acid might 
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be removed from 1-bromo-2’-hydroxy-2: 1’-dinaphthyl sulphide 
(IT). 


(I.) Oy HO (II.) 
loH H | _§ 
O 
(IIT.) H py (IV.) 
qa ‘ ©) 


Previous experience (J., 1926, 1723) had shown that 2’-hydroxy- 
2: 1’-dinaphthyl sulphide (ITI) is smoothly formed from sodium 
2-naphthoxide and 2-naphthyl disulphoxide. 1-Bromonaphthalene- 
2-sulphinic acid was therefore prepared from 1-bromo-f-naphthyl- 
amine or from «-naphthylamine-2-sulphonic acid by the usual 
methods, but the conversion of this acid into the required disulph- 
oxide could not be effected, the corresponding disulphide being 
obtained when the usual reagents were employed. Bromination of 
2-naphthyl disulphoxide in acetic acid also gave this disulphide owing 
to reduction by the hydrogen bromide liberated (compare Fries, 
Ber., 1914, 47, 1196), but even when this was avoided by operating 
in pyridine the chief product was 2-naphthyl disulphide. Evidently 
before bromination took place the thiolsulphonate group was 
ruptured. Finally it was found that careful bromination of the 
hydroxy-sulphide (III) led to the desired material (II). The situ- 
ation of halogen in this product was proved by synthesis, though in 
poor yield and quality, from the fusion of 8-naphthol and 1-bromo- 
naphthalene-2-sulphinic acid according to a reaction studied by 
Hinsberg (Ber., 1903, 36, 108) in other simpler cases. When the 
sodium derivative of this bromohydroxy-sulphide (II) was heated in 
presence of copper acetate a good yield of the required «{8’a’- 
naphthathioxin (IV) was isolated; this product was identical with 
the isonaphthathioxin obtained from iso-8-naphthol sulphide or 
from the dehydro-derivative. 

It is evident that this result has an important bearing on the 
structures to be assigned to the “‘iso-”’ and “‘dehydro-”’ sulphides, 
but a discussion of this question is deferred until further evidence 
has been collected from experiments nov in progress. One interest- 
ing feature which is now clear in the relations between these sub- 
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stances is that during the conversion of 2-naphthol 1-sulphide (1) 
via the dehydro-sulphide into the «$8’«’-naphthathioxin (IV) the 
situations of oxygen and sulphur in one naphthalene nucleus have 
become interchanged. 


EXPERIMENTAL. 

1-Bromonaphthalene-2-sulphinic Acid, CyyH,BrSO,H.—(a) From 
a-naphthylamine-2-sulphonic acid. The moist diazo-compound pre- 
pared as usual from the amino-acid (25 g.) was gradually added 
to a boiling solution of cuprous bromide (10 g.) in hydrobromic acid 
(100 c.c. of 36 %). When reaction was complete, the bromo- 
sulphonic acid was collected from the cooled liquid and purified by 
recrystallisation (charcoal) of the sodium salt (yield, 50%). This 
was converted into the sulphonyl] chloride by treatment (20 g.) with 
an equal weight of phosphorus pentachloride (1 hour). 1-Bromo- 
naphthalene-2-sulphonyl chloride separated from acetic acidinneedles, 
m. p. 93—94° (Found: Cl-+ Br, 37-8. C,jH,O,CIBrS requires 
Cl+ Br, 37-8%). When this sulphonyl chloride was shaken 
(1 hour) with a concentrated alkaline solution of sodium sulphite it 
dissolved and from the clear solution sulphuric acid (60%) liberated 
the required sulphinic acid (yield, 60%). 

(b) From 1-bromo-8-naphthylamine. The hydrochloride of the 
base (10 g.) was suspended in hydrochloric acid (100 c.c. of 15%) and 
diazotised at 0° (3 g. of sodium nitrite in 25 c.c. of water). The 
clear solution was slowly added to a stirred mixture of copper paste 
(50 g.) and a saturated solution of sulphur dioxide (150 c.c.), a 
current of the gas being maintained during the process. When 
decomposition was complete the solid was mixed with aqueous 
sodium hydroxide. The purified solution (charcoal) of the sodium 
salt was mixed with sulphuric acid (60 %), the required sulphinic acid 
being liberated (yield, about 60%). The sulphinic acid obtained by 
these methods was very sparingly soluble in water; it separated 
from aqueous acetone in needles, m. p. 146° (Found: C, 44-4; 
H, 2-4. OC, 9H,0,BrS requires C, 44-3; H, 2.6%). When dissolved 
in pure warm thionyl chloride it yielded a relatively stable chloride. 
1-Bromonaphthalene-2-sulphinyl chloride, CyyH,Br-SOCl, separated 
from dry benzene in yellow prisms, m. p. 110° (Found : Cl + Br, 
39-7. C,>H,OCIBrS requires Cl + Br, 39-9%). 

Di-1-bromonaphthyl 2-Disulphide, (C,)H,Br°S:),.—A solution of 
the sulphinic acid in hot alcohol was saturated with sulphur dioxide 
and mixed with a few drops of hydriodic acid (d 1-7). Reduction 
was soon complete, the required disulphide separating from the 
liquid (yield, 90%). It was very sparingly soluble in alcohol or 
acetic acid and separated in plates, m. p. 161°, from benzene- 
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acetic acid (Found: C, 50:1; H, 26; M, 461. C,9H,,Br,S, 
requires C, 50-4; H, 25%; M, 476). This disulphide was also 
obtained in almost quantitative yield by slowly adding a solution of 
bromine in acetic acid to 2-naphthyl disulphoxide in the same 
solvent. 

1-Bromo-2'-hydroxydinaphthyl 2:1'-Sulphide (IL).—(a) Acetic 
acid containing the theoretical amount of bromine was slowly 
added to a warm solution of 2’-hydroxydinaphthyl 2 : 1’-sulphide 
(III) in the same solvent. The reaction, which began at once, was 
completed by warming the mixture (50°). The product (yield, 
95%), isolated by addition of water, crystallised from acetic acid 
(charcoal) in leaflets, m. p. 154° (Found: C, 62-7; H,: 3-6. 
Cy9H,,0Br8 requires C, 63-0; H, 3-4%). 

(b) A molten mixture of 1-bromonaphthalene-2-sulphinic acid 
(5 g.) and 6-naphthol (2-6 g.) was kept at 95—100° during 24 hours. 
The dark violet product was boiled with dilute aqueous sodium 
hydroxide (8%), and the hot solution, freed from a small quantity of 
insoluble material, was mixed with a suitable amount of sodium 
hyposulphite (charcoal). On cooling, the sodium derivative of the 
required naphthol separated in the crystalline state (2-2 g.); it was 
purified from hot dilute sodium hydroxide solution. The naphthol 
generated from this salt and purified as previously indicated had 
m. p. 154° and this was not depressed by mixture with a sample 
obtained by bromination (method a). The substance gave a green 
solution in warm sulphuric acid. The sparingly soluble sodium 
salt separated from hot water in small shining plates. This bromo- 
naphthol sulphide occurs in two forms. Sometimes method (a) 
yielded a product which after purification had m. p. 135—136°; 
but the molten substance resolidified a few degrees above this and 
finally melted at 154°. Mixture of this material (m. p. 135°) with 
that of m. p. 154° did not depress thism. p. More precise conditions 
of the relative stability of these materials were not determined. 

1-Bromo-2'-acetoxydinaphthyl 2:1'-sulphide, prepared from the 
foregoing hydroxy-compound and acetic anhydride, was purified 
from dilute acetic acid. When rapidly separated from this medium, 
it was obtained in the amorphous state, but if allowed to separate 
slowly from dilute solution it formed needles, m. p. 116—117° 
(Found : C, 62-4; H,3-5. C,.H,,0,Br8 requires C, 62-4; H, 3-5%). 

«66’«’-Naphthathioxin (IV)—A mixture of the dry sodium 
derivative of 1-bromo-2’-hydroxydinaphthyl 2: 1’-sulphide (II), 
obtained by either of the methods described, and a little copper 
acetate was heated under diminished pressure (1 mm.). Reaction 
began at 140—150°, the mixture then became pasty and the product 
slowly sublimed. The process was more rapid at 160—170° (yield, 
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ca. 50%). The crude sublimed product had m. p. 151—152°, and 
after purification from alcohol was obtained in yellow needles, 
m. p. 154° (Found: C, 79-8; H, 4-2. Cale.: C, 80-0; H, 40%). 
This material did not depress the melting point of a sample of 
isonaphthathioxin obtained from the sources already mentioned. 
The identification was also effected by comparison of the picrates 
(m. p. 177—178°) and dibromo-derivatives (m. p. 245°) of these 
materials. 

In conclusion we desire to thank Dr. Child for information con- 
cerning 1-bromonaphthalene-2-sulphonic acid and its derivatives. 

Kine’s CoLtiteGE, Lonpon. 4 [ Received, December 5th, 1928.] 





NOTES. 


The Formation of Liesegang Rings as a Periodic Coagulation 
Phenomenon. By Jack RreGtnaLp [rons HEPBURN. 

IN a paper with the above title (J., 1928, 2714) Hedges and Henley 

have provided experimental evidence in support of an hypothesis 

advanced originally by Freundlich (“Colloid and Capillary 

Chemistry,’ p. 735), although they make no reference to his. views. 


Previous to the publication of the above paper, the author had 
carried out experiments with the object of testing the coagulation 
theory of the production of periodic structures. For instance, in 
connexion with his study of the formation of malachite (J., 1925, 
127, 1008), basic cupric carbonate was formed by admixture of a 
solution of 0-1N-copper sulphate and 10% gelatin, with an equal 
volume of 0-1N-sodium carbonate and 10% gelatin. The product 
was a green, transparent, slightly opalescent gel, instead of the 
ordinary blue flocculent precipitate. The set gel was covered with 
\-sodium carbonate solution, which was allowed to diffuse into it. 
After a week, three intensely violet rings had appeared, and the 
number had increased to thirteen after three weeks. When, 
however, N-copper sulphate solution was used as coagulant, only 
one light green band was produced, after which diffusion ceased, 

The production of stratified formations by the coagulation of sols 
has been studied by Quincke (Ann. Physik, 1902, 9, 987), who 
describes the coagulation of an arsenic trisulphide hydrosol—un- 
protected by gelatin—by diffusion of solutions of ferric chloride and 
of aluminium sulphate. He mentions the production of layers after 
focculation, richer and poorer in flocks, with horizontal or convex 
surfaces.—NORTHERN PoLYTECHNIC, London, N. 7. [Received, 
Yovember 17th, 1928.] 
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A Steam Drying Oven with Detachable Base. By Henry J.8. Sanp. 
THE base of this oven is constructed as a separate unit distinct from 
the rest, the junction between the two parts being made by a 
hydraulic seal (see fig.). This is effected by fitting the top of the 
base with a gutter, which is maintained full of water by condensation 
from the walls of the oven, the excess overflowing into the base. The 
general construction will be apparent from the section shown. The 

device is useful for small laboratory 
[ steam-ovens, since the base can be 
readily freed from scale, and renewed 
if necessary. It is, however, par- 
ticularly valuable for larger combined 
ovens and stills. For these, the top 
of the oven is fixed rigidly to a stand, 
the base being supported on two 


NOTES. 
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cranked rods, to which handles are t 
attached, by the turning of which the d 
| base may be instantly lowered and E 
removed for cleaning. In ovens 8 
which are fitted with a reflux con- § 9 
denser and water gauge and are ci 
charged with distilled water, all loss of water by evaporation should 
be prevented : this may be effected by floating a small amount of W 
paraffin wax on the outer portion of the water forming the seal._— 
Str Jonn Cas§ Tronntoax Institute, E.C. 3. [Received, November § tl 
20th, 1928.] 
Preparation of Quinaldinyl Chloride and Ethyl Quinaldinylaceto- be 
acetate. By Datzien LLEWELLYN HAMMICK and WILLIAM ym 
P. DicKINSON. - 
QUINALDINYL chloride was first prepared by Meyer (Monatsh., 1904, af 
25, 1199; Ber., 1905, 38, 2488) by the action of thionyl chloride on on 
the acid and described as a very sparingly soluble, crystalline § 
substance of m. p. 175—176°. Besthorn and Ibele subsequently § 39 
(Ber., 1905, 38, 2127) claimed to have obtained, also by the action ie 
of thionyl chloride on the acid, an acid chloride of m..p. 96° and § jp 
readily soluble in organic solvents. Meyer’s inability to obtain 
Besthorn’s product was ascribed by Besthorn (Ber., 1908, 41, 2003) Bao, 
to the presence of anticatalysts (notably tin) in the thionyl chloride § 
used. With Meyer’s demonstration (loc. cit.) that Besthorn’s § of 
criticisms were unfounded, the problem of the preparation of the # ay, 
soluble form of the acid chloride appears to have been left unsolved, Bag, 
the position being that the compound has only been prepared in one [R 






laboratory. 
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We have attempted to prepare the low-melting acid chloride 
according to the directions of Besthorn and Ibele (loc. cit.; Ber., 1906, 
39, 2329) and confirm the observations of Meyer that. the high-melting 
form is invariably obtained (Found :- Cl, 18-0. Calc. : Cl, 18-5%), 
even when the purest thionyl chloride is used after redistillation from 
several successive quantities of quinaldinic acid. We have, however, 
obtained an acid chloride of m. p. 97° in two ways: (a) 12 G. of 
quinaldinic acid, freshly crystallised from ligroin of b. p. 100—120° 
(this crystallisation is essential for success), were suspended in 300 c.c. 
of ligroin (b. p. 100—120°), and 12-4 g. of phosphorus pentachloride 
added. The mixture was boiled under reflux until evolution of 
hydrogen chloride ceased and the liquid went clear. Large needle- 
shaped crystals of the acid chloride, m. p. 97°, separated on cooling: 
Yield, 7-5 g. or 60% (Found : Cl, 18-7%). 

(6) Ethyl quinaldinate (fine needles, m. p. 36°, prepared by boiling 
the acid in ethyl alcohol containing sulphuric acid) (0-5 g.) was 
dissolved in 40 c.c. of ligroin (b. p. 100—120°), and 0-5 g. of phos- 
phorus pentachloride added. Crystals of the acid chloride began to 
separate at once and, after stirring for an hour at room temperature, 
0-45 g. of the low-melting form was obtained (yield, nearly theoreti- 
cal). 

The high- and the low-melting acid chloride, on treatment with 
water, each gave only hydrochloric and quinaldinic acids. 

Ethyl Quinaldinylacetoacetate, CH,-CO-CH(CO-C,H,N)-CO,Et.—To 
the suspension produced by cooling a solution of 2-4 g. of sodium 
and 13-6 g. of ethyl acetoacetate in 200 c.c. of dry warm benzene, 
10 g. of quinaldinyl chloride (m. p. 97°), dissolved in 300 c.c. of dry 
benzene, were added and the mixture was shaken for 24 hours. The 
solid product was then collected, washed with ether, dissolved in 
water, and acidified with dilute acetic acid. The oil that separated, 
after being dried in ether with anhydrous sodium sulphate, solidified 
on standing and was recrystallised twice from ligroin (b. p. 60—80°) ; 
m. p. 61° (Found: N, 4-8. C,,H,,O,N requires N, 4-9%). Yield, 
30%. On treatment with copper acetate in aqueous alcohol it gave 
a copper derivative, m. p. 178° (decomp.), that was readily soluble 
in alcohol, benzene, and chloroform. 

All attempts to prepare ethyl quinaldinylacetate from the 
acetoacetic ester failed. Dry ammonia in ether (Bouveault and 
Bougert, Bull. Soc. chim., 1902, 27, 1088) gave a quantitative yield 
of quinaldinamide. Cold ammonia and ammonium chloride (Perkin 
and Needham, J., 1904, 85, 148) had no effect; at 50° the amide was 
again obtained.—THr Dyson Prrrins LaBoraToRy, OxFoRD. 
[Received, December 1st, 1928.] 
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The Council has ordered the following Report and Table to be 
printed~in the Journal. 


Revised Table of Atomic Weights for 1929. 


THE annual publication by the International Committee on Atomic 
Weights of their revised tables of atomic weights, esteemed by 
chemists as authoritative estimates of the most probable values, 
ceased with the issue of the table for 1921 by F. W. Clarke, T. E. 
Thorpe, and G. Urbain (J., 1920, 117, 885). In 1925 a table 
prepared by the International Committee on the Chemical Elements, 
appointed by the International Union of Pure and Applied Chemistry, 
was published (J., 1925, 127, 913), but since then no revised table 
of atomic weights has been published in Great Britain. Therefore, 
to meet a general need, the Council of the Society appointed a 
Sub-Committee on Atomic Weights to prepare a revised table for 
1929. 

Because so long a period has elapsed since the last revision, the 
task of the Committee has been unusually heavy and has involved 
a detailed examination of the very considerable amount of work 
published on atomic weights since 1919, to review which adequately 
here is hardly practicable. Fortunately this is unnecessary, as the 
data have been adequately summarised both in the Annual Reports 
of the German Commission on Atomic Weights published in the 
Berichte, and in the Reports by Professor G. P. Baxter published 
annually in the Journal of the American Chemical Society. We 
proceed, therefore, simply to outline the main principles governing 
the preparation of the new table. 

The whole of the work on atomic weights published up to 1919 
was very thoroughly discussed by F. W. Clarke in his “ Recalcul- 
ation of the Atomic Weights,” published by the Smithsonian Insti- 
tution in that year. Being satisfied that Clarke’s method of 
computation from the available data is sound and trustworthy, we 
have adopted his final values for those elements, 36 in number, for 
which no determinations have since been published. These 
elements are as follows : 


Li Mg S Ca V Cr Mn Kr Rb Sr Nb Mo Ru Rh Pd In Xe Cs Ba 
Ce Pr Nd Eu Gd Tb Yb La Ta W Os Ir Pt Au Tl Nt Ra 


Clarke’s figures for the other elements have been modified in 
accordance with more recent work to obtain the values now given. 
For the nine “ simple ” elements H, He, C, N, F, Na, P, As, and 
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I the values obtained by F. W. Aston with his new mass-spectro- 
graph are adopted in preference to those deduced from the 
“ physical” or “ chemical” data, because we are of opinion that, 
in these cases, Aston’s method is less liable to error than any 
other. This opinion is strengthened by the agreement observed 
between the measured and the calculated differences of these 
values from whole numbers (see “ packing-fractions”; F. W. 
Aston, Proc. Roy. Soc., 1927, A, 115, 487), and their adoption is 
further justified by the consideration that it does not materially 
alter the figures deduced by other methods save in one case, that 
of phosphorus, where the “ chemical” data are discordant and 
obviously unsatisfactory. 

In recent years the fundamental importance of the atomic 
numbers has become so apparent that the present table gives the 
elements in the order of those numbers. This has the advantage 
of permitting the inclusion of those elements which are as yet 
undiscovered and also the known elements for which no deter- 
minations of atomic weight are available. It is felt that in so short 
a list no difficulty should arise in finding an element by name 
when that is necessary. » 

Where definite information 4 is available the mass-numbers of the 
known isotopes of the elements are also given, in the order of their 
abungdincé as deduced from the relative intensities of the lines in 
the s-spectrum. 

In stating the atomic weights use has been mate of the con- 
venient device of writing the last figure as a subscript in those cases 
wheré it iriay be in error by two or three units. Where the last 
figure is not differentiated it is to be understood that in our opinion 
the error probably does not exceed one unit. 

(Signed) fF. W. Aston. 
H. V. A. Briscok. 
R. WuytTLaw Gray. 
E. K. Ripgan. 





se am 


re el 


ore REVISED TABLE OF ATOMIC. WEIGHTS FOR 492% 


-f 


; 


rego)! 6 vd bohigido & 
bs 


ATOMIC WEIGHTS. i, ocd, We 


TO 


Where the lest, figure: ‘of an atomic weight, amass be in error. by several: 


Baile Mit Geren AR ERG 4 BUT, sary 





line. 


4+ 


90s its . 








{rolybdenun, 
Masurium 





ae 


aon prmn |g 


— 


a 


A 
48 
|P 
8 
Cc 


ee 


O<n Porro 





ZA 
® 





24; 25,26 
7 


lyn oft 
£28» 29, 30 

2] "81 . 

32, 33, 384 > 


| 56, 54 

1°59 
58, 60 
63, 65 
64, 66, 68, 67, 65, 70, 69 
69, 71 
74, 72, 70, 73, 75, 76, 71, 77 
75 
80,,78, 76, 82; 77,°74 
79; 81 
84, 86, 82, 83, 80, 78 
85, 87 
88, 86 


89 
90, 94, 92, (96) 





107, 109 











Co Ge Gh att aa bo aon  - « «x 


SS © OC Oo oo 


REVISED TABLE OF ATOMIO WEIGHTS FOR 1929. 





Name. 


Atomic 
weight. 


Mass-numbers of isotopes in 
order of intensity. 











Cadmium 
Indium 
Tin 


Antimony 
Tellurium 
Iodine 
Xenon 


Ceesium 
Barium 
Lanthanum 
Cerium 
Praseodymium 
Neodymium 
Ilinium 
Samarium 
Europium 
Gadolinium 
Terbium 
Dysprosium 
Holmium 
Erbium 
Thulium 
Ytterbium 
Lutecium 
Hafnium 
Tantalum 
Tungsten 
Rhenium 
Osmium 
Iridium 
Platinum 
Gold 
Mereury 
Thallium 
Lead 
Bismuth 
Polonium 
Niton 
(Emanation) 


Radium 
Actinium 
Thorium 
Protoactinium 
Uranium 








112-4, 
114-8 
118-70 


121-76 
127-5 
126-93, 
130-2 


132-8, 
137-3, 
138-9, 
140-2 
140-9 
144-2, 


150-4, 
152-0 
157-0 
159-2 
162-4, 
163-5 
167-6 
169-4 
173°, 
175+ 
178-6 
181-3 
184-1 
191+, 
193-0, 
195-2 
197-2 1 
200-6, 
204-, 
207-2, 
209-0, 


222 

225°9, 
232-15 
238-1 5 





114, 112, 110, 118, 111, 116 
5 

120, 118, 116, 124, 119, 117, 
122, 121, 112, 114, 115 

121, 123 

128, 130, 126 

127 

129, 132, 131, 134, 136, 128, 
130, 126, 124 

133 

138 

139 

140, 142 

141 

142, 144, 146, (145) 


202, 200, 199, 198, 201, 204, 196 


208, 206, 207 
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XXX .—The Catalytic Hydrogenation of Different Types 
of Unsaturated Compounds. PartIV. The Hydro- 
genation of Conjugated Systems : Piperic Acid. 

By Serevry V. Lzespeprev and Anastasia O. YAKUBCHIK. 


AccoRDING to our theory of the catalytic hydrogenation of con- 
jugated systems (J., 1928, 823), we should expect that, if piperic 
acid were hydrogenated by the direct addition of 2 mols. of hydro- 
gen, the curve representing the process would be similar to that 
of the hydrogenation of a monoethylenic compound and would 
show no discontinuity, and the reaction product at any stage during 
the course of the reaction would consist solely of the fully saturated 
and the initial compound. Paal, who investigated this reduction 
(Ber., 1912, 45, 2221), found no indication of the presence of di- 
hydropiperic acid, and hence the process would appear to conform 
to Type ITI of our classification (loc. cit.). 

We have now repeated this reduction, however, and have found 
that in alcoholic solution in presence of platinum black, consider- 
able quantities of dihydropiperic acid are formed; moreover, a 
“ critical point ” was found at 76% hydrogenation, and hence the 
process conforms to our Type II. The contradiction might have 
been attributed to the difference in the conditions of the process 
as carried out by Paal and by ourselves, but when we repeated the 
reduction under Paal’s conditions (i.e., in aqueous solution and in 
presence of colloidal palladium), the results were the same, dihydro- 
piperic acids being produced in even larger amounts than before, 
and the critical point then being at 68—70% of the total hydrogen 
required. 

We therefore suggest that the material extracted by ligroin in 
Paal’s experiments was not pure tetrahydropiperic acid but con- 
tained more than 50% of the dihydro-acid, and our contention is 
supported by Paal’s analytical results. 


EXPERIMENTAL. 
Hydrogenation in Presence of Platinum Black. 

Piperic acid, obtained by saponification of piperine (Fittig and 
Milk, Annalen, 1869, 152, 28) and recrystallised from alcohol, had 
m. p. 215—216-5°. 1-4338 G. of the acid, with 1-0 g. of platinum 
black in 250 c.c. of alcohol at 11°, absorbed 309 c.c. of hydrogen 
(at 18° and 765 mm.); the slight break in the curve showing the 
progress of absorption (Curve 1, Fig. 1) indicates a critical point 
at 75—77% of the total hydrogen absorbed. 
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r) a 

The formula of piperic acid, CH,0,C,H,-CH:CH-CH:CH-CO,H, 
indicates the following possibilities for the hydrogenation : (1) Addi- 
tion of 1 mol. of hydrogen in one of the positions y8, «8, «3, to give 
three isomeric dihydro-acids. (2) Addition of 2 mols. to 1 mol. of 
the acid, giving tetrahydropiperic acid. Thus, on the curve showing 
the course of hydrogenation we can expect only two sections : one 
during which the conjugated system is hydrogenated, and the 
second corresponding to the saturation of the dihydropiperic acids 
thus formed. The three different dihydro-acids, being symmetrical 
disubstituted ethylenic compounds, hydrogenate simultaneously (see 
J., 1925, 127, 417), and hence are represented by a single section 


Fre. 1. 





~ 
= 
ey 





n 





P 
o 








a 
ad 














va 





J 


3 
= 
3 
~ 
& 
3 
Ss 
3 
. 
S 
2g 

3 
= 
> 
S 
as) 
> 
~ 
~N 
































4 





s(10y (20 SON 20°40)" 
Time (in minutes for curve 1, and in 4 minutes for curve 2). 
1. Authors’ method. 2. Paal’s method. 


on the hydrogenation curve. The curve therefore shows that the 
process does not proceed as supposed by Paal, and that the hydro- 
genation is of our Type II. 

To confirm this we examined the product of 50% hydrogenation 
of the acid, 1-7569 g. in 450 c.c. of alcohol having absorbed 191 c.c. 
(at 18° and 760 mm.) (1 mol.) of hydrogen in presence of 1 g. of 
platinum black. The acids (1-7731 g.) isolated from alcohol were 
extracted by ligroin, in which, as shown by control experiments, 
piperic acid is insoluble, whereas the reduced acids are readily 
soluble. In this way 0-596 g. of piperic acid (m. p. 209—211°) 
was separated, corresponding to 33-6% of unchanged acid in the 
product of hydrogenation; hence, since 50% of the possible amount 
of hydrogen has been absorbed, the amount of tetrahydro-acid must 
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also be 33-6% (see J., 1928, 825), and that of dihydro-acids 32-8% 
(by difference) (see Table I), from which, by methods explained in 
Part II (ibid., p. 826), we find that the critical point falls at 75% 
of hydrogenation. The ligroin solution yielded 1-2320 g. of mixed 
di- and tetra-hydro-acids (m. p. 88—96°). 













TABLE I. 


Composition of the 50% hydrogenation product (platinum-black 
method). 


Calc. from amount 
Calc. from amount of dihydropiperic 
i 








of piperic acid. acids. Mean. 
Piperic acid .........seeeeeees 33-6% 350% 343% 
Tetrahydropiperic acid...... 33-6 35-0 34:3 
Dihydropiperic acids ...... 32-8 30-0 31-4 






100 100 














Examination of Mixed Di- and Tetra-hydro-acids.—2-5296 G. of 
the mixed acids thus obtained were dissolved in 35 c.c. of alcohol 
and treated with hydrogen in the presence of 1-2 g. of platinum 
black, 125-5 c.c. (at 15° and 755 mm.) being absorbed: If the 
mixture had consisted entirely of dihydro-acids, 272-5 c.c. of hydro- 
gen would have been required under these conditions; hence, the 
composition of the mixture was 46% of the dihydro- and 54%, of 
the tetrahydro-acid, and the composition of the original 50% hydro- 
genation mixture as calculated from these data is shown in the 
second column of Table I,* corresponding to a critical point at 77%, 
hydrogenation. 

Fig. 2 is based upon a critical point at 76% hydrogenation—the 
mean of the values found by the three methods above. The diagram 
for piperic acid hydrogenation is thus very similar to that of divinyl 
(see Part III, J., 1928, 2190), for the position of the critical point 



























is nearly the same in each case; and all the criteria allocate the pé 

process to our Type II. e 

e 

Hydrogenation of Piperic Acid in Presence of Colloidal Palladium. = 

Total Hydrogenation. —2-5121 G. of piperic acid, stispended in 
90 c.c, of water and neutralised by potassium hydroxide, were hydro- 
genated with 0-0147 g. of colloidal palladium, previously saturated 
with hydrogen; 555 c.c. (at 18° and 750 mm.) of gas were required 
for total hydrogenation (calc., 557 c.c.). The course of the process 
is represented by Curve 2, Fig. 1: the curve has a sharp break and 

Pi 

* The lower proportion of dihydro-acids in the hydrogenation product Te 

1 





(viz., 30% instead of 32-8%) is attributed to partial oxidation during r- 


crystallisation. 
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a peculiar shape, and the critical point is at 70% of hydrogen 
absorbed. 

50% Hydrogenation.—5-0073 G. of the acid in 75 c.c. of water 
were hydrogenated as above in presence of 0-05 g. of catalyst; 
550-5 c.c. (at 17° and 754 mm.) were absorbed (calc., 550-5 c.c.). 
The acids were precipitated by dilute sulphuric acid, washed, dried, 
and extracted by alcohol, from which 4-9691 g. of mixed acids 
crystallised. Treatment with ligroin as above isolated 1-2464 g. 
of piperic acid (m. p. 207—209°), corresponding to 25% of un- 
changed acid. From the ligroin solution 3-7229 g. of soluble acids 
(m. p. 90—116°) were obtained, and 3-1312 g. of these were hydro- 
genated with 0-0065 g. of colloidal palladium as before. Since 
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211 ¢.c. (at 20° and 760 mm.) of hydrogen were required as com- 
pared with a possible 341 c.c., it follows that 61-99% of dihydro- 
and 38-1% of tetrahydro-piperic acid were present, and the final 
result of the 50% hydrogenation, as calculated either from the 
proportion of unchanged acid or from the amount of dihydro- 
acids, is shown in Table IT. 


Tasxe II. 
Composition of 50% hydrogenation product (Paal’s method). 
po yarog' Pp 


Calc. from amount 
Calc. from amount of dihydropiperic 
of piperio acid. acids. 


Piperic acid 27-86% 

Tetrahydropiperic acid 27-6 

Dihydropiperic acids 44-8 
100 
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The critical point of the hydrogenation, as determined graphic- 
ally, is at 68% of hydrogen absorbed, and according to our views, 
all the piperic acid is exhausted at this point; Paal, however, 
states that it must be present at any moment of the process, and 
for, e.g., 50% hydrogenation he postulates 50% of unchanged acid 
and 50% of tetrahydro-acid (contrast Table II). In order to settle 
this matter, we hydrogenated 2-4382 g. of piperic acid by Paal’s 
method, allowing 447 c.c. (at 18° and 750 mm.) to be absorbed; 
since complete hydrogenation requires 541 c.c., the stage attained 
corresponds to 82-5% hydrogenation. The reaction product 
isolated dissolved completely in a small quantity of hot ligroin, 
which proves a total absence of piperic acid, and its m. p. was 
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89—93° (piperic acid has m. p. 216—217°). If the hydrogenation 
had proceeded as assumed by Paal, we should have found 17-5% 
of unchanged acid in the product. 


Shapes of the Hydrogenation Curves. 


In spite of the apparent total dissimilarity of the two curves 
in Fig. 1, they must both be related to the same type. Curve 2, 
according to the elements of its shape, is similar to the typical 
hydrogenation curves of conjugated systems of Type II (e.g., the 
curves of ditsopropenyl and piperylene): it differs only in the ex- 
ceedingly sharp manifestation of its elements. The first section of 
the curve (prior to the critical point), corresponding to the hydro- 
genation of conjugated systems, has a clearly marked minimum. 
Such minima, often slightly marked, are to be found on the curves 
of conjugated systems of Type II (those for piperylene and its 
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mixtures being, however, more definitely marked). The minimum 
corresponds to the moment when the predominance of one kind of 
molecule gives way to that of another kind on the surface of the 
catalyst. This subject will be discussed in a future communication. 

The second part of Curve 2, corresponding to a greater rate, is 
typical of most of the conjugated systems already studied (divinyl, 
isoprene, ditsopropenyl, etc.). The third part represents the hydro- 
genation of the benzene ring. 

Curve 1 differs from the other in that its second stage proceeds 
at a reduced rate instead of a higher one. This peculiarity might 
be attributed to the low rate of the process as well as to the thermal 
exchange with the surrounding: medium, since we have often found 
that alteration in the conditions of the hydrogenation process, such 
as change of temperature, affects the shape of the curves. This 
question also will be dealt with later. 

All our methods prove that the conjugated system is more rapidly 
exhausted under Paal’s conditions than under our own; after the 
addition of 1 mol. of hydrogen, 26-3% of the piperic acid is unchanged 
in the former case and 34-3% in the latter. For this reason the 
position of the critical point is not the same, being at 68—70% and 
75—76% in the two cases, respectively. 


Summary. 

(1) The hydrogenation of piperic acid in presence of platinum 
black, as well as in presence of colloidal palladium, proceeds accord- 
ing to Type II of our classification. 

(2) The position of the critical point depends upon the catalyst 
chosen; in the former method, in alcoholic solution, it is at 75— 
76% of hydrogen absorbed, whereas in the latter it is at 68—70% 
if the potassium salt is used in aqueous solution. 

(3) The hydrogenation curves obtained with either catalyst must 
be related to the same type, although they differ in shape. 


Minirary Mepicat ACADEMY, 
LENINGRAD. [Received, November 12th, 1928.] 





XXXI.—The Degradation of \-Arabinose. 
By Venancio Devutorev and Ratt J. SEtva. 


THE degradation of J-arabinose to erythrose, effected first by Wohl 

(Ber., 1899, 32, 3667) and Ruff (Ber., 1901, 34, 1365) and later by 

Weermann (Rec. trav. chim., 1917, 37, 16), has now been achieved 

by — method (Ber., 1926, 59, 1254; 1927, 60, 165), viz., 
I 
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by the action of sodium methoxide on tetra-acetylarabononitrile 
in chloroform solution. The tetrose was identified in the form of 
its osazone, but the syrup containing it could not be freed from 
inorganic salts. A purer product, dextrorotatory and almost 
ashless, was obtained by the action of barium hydroxide and 
silver carbonate on arabononitrile. 

The yields of erythrose (calculated from the reducing power) 
produced in these two methods were 40% and 13%, respectively, 
of the theoretical yields, but in each case the weight of erythrosazone 
actually isolated was very small owing to the difficulty of extracting 
it from its syrupy mother-liquor. 

The erythrose obtained by the first method gave mesotartaric 
acid on oxidation with nitric acid (compare Anderson, Amer. Chem. 
J., 1909, 42, 429). 


EXPERIMENTAL. 


Arabinoseoxime was prepared by Wohl’s method (loc. cit.), but 
the alcoholic solution containing the sugar and hydroxylamine was 
heated for an hour at 60° after all the arabinose had dissolved. 
The nitrile was obtained by heating the oxime with acetic anhydride 
and anhydrous sodium acetate for an hour at 90°, the quantities 
being those recorded by Wohl (loc. cit.); the product was whiter 
than that obtained by Wohl’s procedure and melted at 119—120° 
after recrystallisation from alcohol (Wohl gives m. p. 117—118°). 

Degradation of Tetra-acetylarabononitrile.—A solution of 5 g. of 
the nitrile in 10 c.c. of chloroform was treated, according to the 
directions given by Zemplén (loc. cit.) in the case of glucose, with a 
solution of 1-2 g. of sodium in 10 c.c. of absolute methyl alcohol ; 
the addition-compound formed was decomposed by the addition 
of 20 c.c. of water. The aqueous solution was acidified, separated 
from the chloroform, and evaporated in a vacuum. The residual 
mixture of syrup and solid was treated with absolute ethyl alcohol 
and the extract was filtered and evaporated; these operations 
were repeated twice and the final product was dissolved in and 
made up to 25 c.c. with water. A test by Bertrand’s method 
indicated the presence of 0-840 g. of reducing matter (calculated 
as glucose) in the solution. Nitrile (possibly arabononitrile) also 
was present, as 10 c.c. of the solution when treated with ammoniacal 
silver oxide solution gave 0-0244 g. of silver cyanide (corresponding 
to only 2-8% of the original tetra-acetylarabononitrile). 

A portion (5 c.c.) of the solution was heated with acetic acid and 
phenylhydrazine in a boiling water-bath for 3 hours, a dark syrup 
separating which partly solidified in the course of 2 days. It was 
then répeatedly extracted with boiling water until this deposited 
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no osazone on cooling. The osazone, after recrystallisation from 
water and from benzene, melted at 164—165° (yield, 0-03 g.). 

The yellow aqueous solution of erythrose was treated with a little 
bone-black, filtered, and concentrated in a vacuum, the residue 
was extracted with absolute alcohol, and the filtered extract was 
evaporated in a vacuum. The colourless, dextrorotatory syrup 
obtained, which still contained inorganic material, gave, on treat- 
ment with naphtharesorcinol, a dark red precipitate, the dark 
cherry-red alcoholic solution of which gave an absorption band in 
the green region and other weaker bands near the D line of the 
spectrum. 

Degradation of Arabononitrile-—Tetra-acetylarabononitrile (5 g.) 
was heated with 5 c.c. of 10% sulphuric acid in a boiling water- 
bath until a precipitate was no longer formed on dilution. The 
solution was cooled and shaken with 3 g. of barium hydroxide and 
0-750 g. of silver carbonate. After 24 hours, when all the nitrile 
had disappeared, the solution, after being faintly acidified with 
sulphuric acid and filtered, was freed from sulphuric acid by 
the addition of barium hydroxide (calculated amount), treated 
with bone-black, and filtered. It then had a reducing power 
(Bertrand) corresponding to 0-250 g. of glucose. On evaporation 
a colourless, dextrorotatory syrup was obtained, which gave a 
strong reaction with naphtharesorcinol and yielded an osazone, 
m. p. 163-5—164-5°. 

Oxidation of Erythrose to mesoT artaric Acid.—The syrap (reducing 
power corresponding to 2-05 g. of glucose) obtained from 15 g. of 
tetra-acetylarabononitrile as described above was diluted with 5 c.c. 
of water and treated with 5 c.c. of nitric acid (d 1-40). After 10 days, 
the mixture was diluted with more water and boiled to expel nitrous 
fumes, and lead salts were precipitated by addition of lead acetate. 
These were converted in the usual way (hydrogen sulphide ; calcium 
chloride and ammonia) into a mixture of calcium oxalate and 
mesotartrate. The latter was extracted with glacial acetic acid and 
the solution was diluted with water and evaporated, yielding 0-492 g. 
of hydrated calcium mesotartrate (Found : loss at 170°, 22-6; CaO, 
236. Cale. for CjH,0,Ca,3H,O : H,O, 22:3; CaO, 23-1%). 


One of us (V. D.) is indebted to Professor Zemplén for permission 
to use his method of degradation and for information concerning it. 


FACULTAD DB CrenorAs Extactas, F.yYN., 
BuENos AIRES. [Received, November 17th, 1928.]} 
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XXXII.—On Active Nitrogen. Part V (Amended). 
The Decay of the Nitrogen After-glow. 


By Eric Jonn Baxter WILEY. 


THE author regrets that an unfortunate error in the calculations upon 
his measurements of the decay of the nitrogen after-glow (J., 1928, 
1620) has led to incorrect conclusions as to the process in question. 
It was previously stated that the reaction is of the fifth order, 
whereas it is now shown to be probably of the third, in agreement 
with the calculations made upon the life of the glow, a ternary 
decay process 2N + N, —~> 2N, being assumed. 

The experimental work is in no way affected. 

Plotting the reciprocal of the square root of glow intensity against 
distance along the tube D (loc. cit., p. 1621), 7.e., against time, so far as 
any one experiment is concerned, we obtain a linear relation as shown 
in Fig. 1 of the present paper. (The corresponding figure and legends 
in the earlier paper, Fig. 2, were incorrectly given, since the abscissx 
represent 1/+/J plotted with increasing values, and the ordinates 
represent D plotted with decreasing values, so the figure should be 
rotated through an angle of 90° in an anticlockwise direction; 
moreover, the descriptions of the first and last of the three curves 
should be interchanged.) The results must then be brought to a 
common basis for comparison, since the scale of time taken as 
proportional to distance along D will clearly alter for each 
change of pressure and gas flow rate as measured on the Venturi 
meter. 

This must be done as follows: The “ observed slope” gives 


____ AQ/V1) _ 
A (distance along tube)’ 
' (corrected slope) __ A (distance along tube) 
give A(1//I)/At, whence ini daa 
(flow rate at N.7'.P.) 
(gas pressure) — 


Hence the “ corrected slope ” = 


whilst the “ corrected slope ” is desired to 





which varies as 


“ observed slope ” x flow rate 

gas pressure iy" 

In the previous paper the error was made of multiplying the observed 

slopes by gee Presse instead of applying this correction to distances 

flow rate 

measured along the observation tube D; in this way the inverse of 
the true factor was employed. 

The author has accordingly replotted his experimental data, using 
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the correct factor for reducing them to a common basis, and the plot 
of corrected slopes against gas pressure is given in Fig. 2. It appears 
now that the slopes of the 1/-/J,t plot vary as the total gas 


pressure p. 
Fig. 1. 








ntensity 


1/VI 


° 
_ 
i.) 








i. A i A. i. 


10 20 © 5 6 #£«70 
Distance along tube D (cm.). 
Flow rate of 2200 c.c./hr. at N.T.P. in all cases. 


+ = 40mm. pressure. ) = 62mm. pressure. 
A=53 ,, ” O=70 ,, ” 


All curves pass through the same point on the axis of distance for 1/VI =0'14. 





The interpretation of this is not clear. Assuming that the 
emission of the glow occurs through a ternary collision 2N + N,—- 
2N,, we may show that the slope of the 1/J,t plot should vary as 
Vp as follows: Let the concentration of atoms per c.c. at any 
instant be v and that of the molecules NV: A, B, and C are constants. 
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dy 
Then — a Ay®N, whence v = ay 5 = RP and J will thus be 


given by J = Cv?N. Hence 


and therefore the slope of the 1 ern plot will vary as the square 
root of the gas pressure. 

It follows then that, although these results show the calculations 
on p. 1625 of the earlier paper to be approximately supported, the 
measurements indicate that the 
reaction proceeds in a manner 
other than would be the case were 
it truly of the third order; for a 
ternary decay we should have 
dv/dt = K,[N}*[N,], whereas these 
experiments give 

dv (dt = K[NPIN,P, 
since the value of K, varies as [N,]. 

In view of the limited range of 
pressures over which these experi- 
ments extend, it does not appear 
safe to attempt a further explan- 
ation of the results, but they are 
rather suggestive of a reaction 
having taken place on the surface 
as well as in the gas phase; it has 
repeatedly been noticed by the 
. author that the life of the after- 

0 . ; : glow is dependent to a large extent 

0 2 4 6 = 
Gin ‘eee teat, We), upon the nature of the containing 
vessel, being as a rule much longer 
in Pyrex glass than in the soda glass used in these experiments, 
although the cleaning process was the same in both cases. More- 
over, Herzberg (Z. Physik, 1928, 46, 878) has shown that surface 
phenomena probably play a great part in the reactions which lead 

to the production of the after-glow. 

The author is indebted to Dr. H. O. Kneser (private com- 
munication) for the information that his recent measurements tend 
to show that the decay of the after-glow is truly of the third order 
under his experimental conditions, and it is possible that the 
discrepancy between our results is to be found here. 

Further emendations in the earlier paper are that paragraph (a), 
p. 1626, must be deleted, and (e), p. 1627, amended to the statement 
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that, unless the impact of the neutral molecule upon the excited body 
first formed from the atoms occurs within the life of the latter, the 
energy of recombination may be lost by radiation, leading to an 
anticipation that the decay mechanism will alter at low pressures 
together with the chemical and physical attributes of the active 
nitrogen, as discussed, Equations (2) and (3) on p. 1627 must also 
be omitted. 

It may finally be stated that references to J in the earlier paper 
should clearly be to 1VJ, since from equation (2) on p. 1625 we 


have 
dv/dt = Kv*, i.e., — 1/v = Ki +e, 


2: id 
— VI= A =— KEW 


(where c is an integration constant), and hence /J cannot possibly 
show a linear relation with time. The plot of 1//TJ against time 
has, in fact, always been employed. 

The author is much indebted to Mr. B. Topley for pointing out 
these errors. 

Summary. 

It is shown that, owing to an arithmetical error in an earlier 
communication (J., 1928, 1620), the conclusion that the decay 
process of the nitrogen after-glow is of the fifth order is incorrect, 
and that it is rather probably of the third order, but complicated by 
a surface reaction taking place at the same time as that in the bulk 
of the gas. The conclusions as to the chemically active nitrogen 
probably being formed during the degradation of energy from a 
high-level molecule initially formed from atoms through the medium 
of a ternary collision 2N +- N, —-> 2N, remain unaltered, as do other 
considerations upon the behaviour of active nitrogen. 


93, CromwELL Roan, 
NortTHWICH, CHESHIRE. [Received, August 24th, 1928.] 





XXXITI.—Colour and Constitution. Part IV. The 
Absorption ‘Spectra of Nitrophenylhydrazones in 
Alcohol and in Alcoholic Potassium Hydroxide. 


By Herspert Henry Hopcson and KENNETH ERNEST CooPER. 


THE presence of a nitro-group in the ortho- cr para-position in a 
phenylhydrazone induces incipient ionisation of the imino-hydrogen. 
That the treatment of such hydrazones with hydroxyl ions renders 
the ionisation actual, with the consequent formation of a quinonoid 
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structure, was suggested by Chattaway and Clemo (J., 1923, 123, 

3041) to explain the resulting intense colorations, and their view is 

supported by the fact that no such colours are produced in the 

absence of either the iste looker or the o- or p-nitro-group. 
OH’ 


—_—> 
<-—- 
H* 


(I, fiat 


=m £0 
RC CH=N NEO SNC 


(II, magenta.) 


It has been suggested (Brit. Assoc. Reports, 1922, 298) that the 
combination of two atoms involving a loss of energy < results in a 
compound capable of absorbing light of frequency «= hv. We 
suspected that the colour of the ions represented by formula (IT) 
might bear a relation to the energy changes involved in the ionisation 
of the imino-hydrogen by the action of the hydroxyl ions. The 
greater the initial degree of incipient ionisation, the less will-be the 
energy required for the ionisation and the lower, it is presumed, will 
be the frequency of the radiation absorbed by the ion. The present 
investigation records the influence of a series of substituents (R in 
I) whose effects upon the ease of ionisation are known. The combined 
direct and inductive effect (Allan, Oxford, Robinson, and Smith, 
J., 1926, 401; Cooper and Ingold, J., 1927, 836; Ingold and Vass, 
J., 1928, 417) places the groups in the following order.* 


(—) 
R= O(—), CH,, NMe,, OMe, Cl, (-+)NMe,{OH 








< 
Inhibiting ionisation. Enhancing ionisation. 


The results (Fig. 1) are in agreement with the above series, and 
although the differences are small, as would be expected from the 
distance these effects have to travel, they are definite. 


p-Substituted benzaldehyde-p-nitrophenylhydrazones in alcoholic KOH. 


(-+-)NMe,{OH Cl OMe NMe, CH, O(—) 
Head of band... 580 565 550 545 542 530 
Curve (Fig. 1) I Il Itt IV V VI 


The order of the absorption curves of the hydrazones without the 
addition of alkali is, on the other hand, entirely different (Fig. 2 
It is significant that the maximum looseness of the electronic 

* The tautomeric effect of these groups will have little or no influence, for 


in the process of ionisation no demand is made for a negative charge (compare 
the ionisation constants of substituted acids; Ingold and Shaw, J., 1927, 2923), 





clk ln — tas ry 


Log. of conc. in millimols. per 100 litres. 
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structure produced by the introduction of the NMe, group, with its 
mobile unshared electrons, is accompanied by the maximum wave- 
length, and the maximum tightening of the system by the (+)NMe, 
with the minimum wave-length. This is in agreement with the 
known effects of salt formation on the absorption of aniline and 
phenol (Baly and Collie, J., 1915, 107, 1338). 

p-Substituted benzaldehyde-p-nitrophenylhydrazones in alcohol. 


NMe, OHandOMe Cl CH; (+)NMe,Cl(— ) 
395 


Head of band 460 415 400 400 
Curve (Fig. 2) IV VI and TIT II V I 


Fia. 1. Fia. 2. 
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600 550 500 £450 550 506 450 400 350 
Wave-length (up). Wave-length (up). 

The order of the effect of substituents in this series, viz., NMe, > 
OMe>Cl = CH,;>-+NMes, is in accordance with the well-known 
bathochromic effect of the amino- and the hydroxyl group as com- 
pared with the uncertain effects of chlorine in the dyes. 

The nitrophenylhydrazones were chosen in preference to the 
nitrobenzaldehydephenylhydrazones because they require much less 
alkali to effect complete ionisation and produce their characteristic 
colours (Hodgson and Beard, J., 1927, 2382). That the absorption 
band is characteristic of the ion will be shown in a future paper 
(private communication from Mr. Handley). 





EXPERIMENTAL. 


Benzaldehyde-p-trimethylammonium iodide, prepared by refluxing 
a slight excess of methyl iodide with p-dimethylaminobenzaldehyde 
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for 6 hours, crystallised from water in colourless plates, m. p. 152° 
(Found : I, 43-8. C,)H,,ONI requires I, 43-6%). 

Benzaldehyde-p-trimethylammonium chloride p-nitrophenylhydr- 
azone was obtained by warming theoretical quantities of the two 
components in acetic acid for 10 minutes and diluting the solution 
with water (5 vols.); after recrystallising from hydrochloric acid and 
then from alcohol, it melted at 196° (Found : Cl, 10-9. C,,H,,0,N,Cl 
requires Cl, 10-6%). 

p-Hydroxybenzaldehyde-p-nitrophenylhydrazone, recrystallised from 
alcohol, had m. p. 262° (Found: N, 16-5. C,,H,,O,N, requires 
N, 16-3%). 

Absorption spectra were photographed with an iron arc through 
1 cm. thickness of solutions of concentration 2M /10,000, 2M /15,000, 
2M /20,000, and 2M /25,000 and of intermediate concentrations when 
necessary. The concentration of alkali for the curves in Fig. 1 
was approximately 200 mols. of potassium hydroxide per mol. of 
hydrazone, largely in excess of that required to produce the desired 
band and destroy the band of the hydrazone. All solutions were 
kept in well-stoppered bottles, since they easily oxidised in the air 
in the presence of alkali. 


We wish to record our thanks to the Department of Scientific and 
Industrial Research for a grant which has enabled one of us (K.E.C.) 
to take part in this research, and to Prof. C. K. Ingold, F.R.S., and 
Prof. E. C. C. Baly, F.R.S., for the very kind interest they have 
shown in this work. 

TECHNICAL COLLEGE, HUDDERSFIELD. [Received, July 13th, 1928.] 





XXXIV.—An X-Ray Examination of some Salts of 
the Fatty Acids. 


By StepHen Harvey PIrer. 


X-Ray photographs were taken with the Ka rays of copper or iron 
reflected from thin layers of the salts pressed on a glass strip 
and mounted on a Miiller spectrograph. The salts were in: the form 
of thin flakes, and this method is convenient for obtaining the 
reflexions from the widely spaced crystal planes parallel to the 
flake surface. Salts of long-chain compounds of this type crystallise 
with these planes separated by the lengths of two molecules placed 
end to end with like groups in contact, and the axis of the chain 
is usually tilted with respect to the plane. The spacing measured, 
i.e., the perpendicular distance between the planes, may be con- 
veniently spoken of as twice the effective length of the molecule. 





SOME SALTS OF THE FATTY ACIDS. 235 


Many of the salts, being very deliquescent, were kept in a desic- 
cator provided with windows and maintained at a temperature of 
80° during the exposure. The windows were covered with a thin 
semi-transparent animal membrane prepared by the Badische 
Fabrik for covering scent-bottle stoppers; as this has no appreciable 
absorption for X-rays, is impermeable to moisture, and is unaffected 
at 100°, it is very suitable for the purpose. 

The existence of two types of potassium salts was first noticed 
when a second and larger spacing appeared on the photograph of a 
specimen of the stearate which had been exposed to the atmosphere 
for some days. It seemed possible that this spacing was due to the 
presence of an acid * salt, and preparation of the acid salt immedi- 
ately confirmed this hypothesis, the photograph showing only the 
large spacing. Dr. T. Malkin kindly undertook the preparation of 
several of these acid salts,} and I wish to express my gratitude to 
him for supplying these and most of the normal salts. It is sufficient 
to state here that the normal salts and acid salts containing eight or 
more carbon atoms separate on cooling from a warm alcoholic 
solution to which has been added the theoretical amount of alcoholic 
caustic potash. Those of less than eight carbon atoms separate on 
evaporation of the alcoholic solution. 

Pure salts give brilliant photographs on which it is possible to 
measure the orders of reflexion right across the plate, so that an 
accuracy of 1%, is easily obtained, and this may be regarded as the 
maximum probable error in the individual spacings now given. 
Traces of impurity give rise to small distorted crystals, the reflexions 
give few orders and broad ill-defined lines, and the spacings usually 
differ from those of the pure salt. 

The type of reflexion resembles that first obtained by Miiller for 
the fatty acids (J., 1923, 123, 2043), i.e., strong odd orders and weaker 
even orders. This effect (see Shearer, Proc. Roy. Soc., 1925, A, 
108, 655) is due to the weak reflexions from the planes containing 
the light methyl groups being in opposite phase to the strong re- 


* Theoretically, of course, an acid salt of a monobasic fatty acid cannot 
exist. In conformity with other workers, however, we use the term to imply 
an equimolecular compound of the free acid and the neutral salt. 

+ The acids used in this work are of the highest degree of purity. Lauric, 
myristic, palmitic, stearic, and behenic acids were purified by careful frac- 
tional distillation of the ethyl esters (compare Piper, Malkin, and Austin, J., 
1926, 2312, footnote). With the exception of pentadecoic acid, which was 
kindly provided by Professor Garner, the acids were obtained by nitrile and 
malonic ester syntheses, an account of which will be published later. Through- 
out the latter work, the physical data for intermediates and acids were found 
to correspond closely with those given by Levene and Taylor (J. Biol. Chem., 
1924, 59, 905), which may be regarded as criteria of a high degree of purity. 
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flexions from the planes containing the heavier active groups. 
Since active groups containing potassium atoms have a higher 
scattering power than carboxyl groups, the interference of the 
reflexions from the CH, planes is not so marked as with the acids, 
and the even orders are stronger. The weakening of the even-order 
reflexions is slightly more marked in the acid than in the normal 
salts, as would be expected, for here presumably one hydrogen and 
one potassium atom take the place of two potassium atoms in the 
planes which contain the active groups. 

In contrast with the acids, which possess a number of crystalline 
forms (Piper, Malkin, and Austin, J., 1926, 2310; de Boer, Nature, 
1927, 119, 634), only one form appears to exist for these pure 
anhydrous salts at the ordinary temperature. For this reason they 
are very well suited for X-ray measurements for analytical purposes. 
The spacings are shown in Table I. Previous measurements on 
salts of fatty acids are those of Piper and Grindley (Proc. Physical 
Soc., 1923, 35, 269) and Trillat (Compt. rend., 1925, 180, 1838). 


TABLE I. 


Spacing, Spacing, 
in A.U. in A.U. 


Nor- No. Nor- 
mal Acid of C mal Acid 
. salt. salt. Salt. atoms. salt. salt. 


6-4 — Pentadecoate 35-8 42-90 

» 913 —_— 37-9 45-29 
11-4 —_ Margarate ... 39-77 48-10 

_— 14-90 Stearate 42 50-47 

15-55 = 17-07 Nonadecoate 43-8 53-03 

19-16 — Eicosoate 46°45 55-65 

22-3 —— Heneicosoate 47-85 58-35 

ll 27-45 — Behenate 2 50-72 60-78 
12 30-2 35-53 Tricosoate 51-8 63-25 
13. 331-85 _- Lignocerate ... 54:45 65-94 
14 33°95 40-45 


The spacings are plotted against the number of carbon atoms in 
the chain in Fig.1. It appears that, with the exception of potassium 
formate, the odd and even neutral salts lie on a straight line with an 
origin at 5 A.U. The acid salts lie on another straight line starting 
from the same origin, and the slope of each of these lines gives the 
effective length of two CH, groups in the particular type of chain 
concerned. 

The accepted diameter of the carbon atom is 1-54A.; and the 
maximum possible value of the effective length of the CH, group, 
if the lines joining the centre of two successive carbon atoms are 
inclined at the tetrahedral angle of 109° 28’, is 1-257 A. (Miiller and 
Shearer, J., 1923, 123, 3159). I find that the effective length is 
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1-03 A. in the normal salts, and 1-275 A. in the acid salts. The 
smaller effective length for the normal salts might be explained by 
assuming that the tetrahedral angle exists in the chain and that 
the whole chain is inclined at 54° 54’ totheaxis. The effective length 
of 1-275 A. is slightly too great to be explained on the basis of 
a tetrahedral angle in the chain; if we assume that the chain is 
oriented perpendicularly to the reflecting planes, the angle would 
be 111° 46’, but there is no independent evidence for assuming that 
the chain is perpendicular. If the chain were tilted, the angle 
would have to exceed the tetrahedral angle by a still larger amount. 
Another alternative is that the diameter of the carbon atom is 
1-56 A. instead of 1-54 A., the chain being perpendicular and the 
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angle tetrahedral, but it is not likely that the diameter of the carbon 
atom is variable. The choice between these alternatives can only 
be decided by a complete analysis of single crystals. 

Miller (Proc. Roy. Soc., 1928, A, 120, 437) concludes that the 
chain of a normal hydrocarbon is a flat zig-zag in which the 
tetrahedral angle is conserved within 4%, and it is, therefore, 
important to decide whether the variation found for these salts is 
within the limits of experimental error. 

The value of 1-275 exceeds the above value of 1-257 by 1-4%; no 
single spacing has a maximum error of more than +1%, and most 
are correct to-++0-5%. In Table II the values of As/An, the spacing 
increase per carbon atom, are calculated for eight pairs of values. 
It will be noticed that all values of As/An are greater than 1-257, 
and only one differs from the mean by as much as 1%. Since an 
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TaB_eE II. 
No. of Difference % Variation 
Catoms. Spacing. Diff. As/An. from mean. from mean. 


24 65-94 
17 48-10 17-84 1-275 0 0 


23 63-25 
16 45-29 1-283 +0-008 +0°6 


22 60-78 85 ; +0-002 +015 


21 : ' 
ot +0-003 40-23 


20 . ; - ar om ie 
12 0-016 1-30 


. , / +-0-009 40-7 


18 ‘ + _* —0: 
- 0-004 0-3 


Mean 1-275 


impurity can alter the spacing, it is possible that the large variation 
from the mean in this case is due to contamination of one of the salts. 
The mean value of As/An is identical with that measured from the 
graph. 

It appears, therefore, that the difference from the tetrahedral 
chain is real, and that the chain in these salts differs from the 
hydrocarbon chain, possibly owing to attractions between the 
active end groups. The divergence of the s—» graph from the line 
drawn from the same origin for a tetrahedrally spaced chain is quite 
noticeable when plotted on a large scale, and on the same scale 
there appears a tendency for the odd-numbered normal salts to lie 
below the even-numbered, although the variations in this case are 
nearer the possible experimental errors. 

Dr. Malkin has also prepared some acid sodium salts. In contrast 
to the normal sodium salts, these crystallise beautifully, and the 
spacings obtained are given below. It is noticeable that all three 
have larger spacings than the corresponding potassium salts, a 
rather surprising result in view of the smaller size of the sodium 
atom. The spacings of two normal thallium salts (very kindly 
given me by Dr. Menzies) are included to bring out the very small 
change in the spacing that is produced by the addition of a very 
heavy metallic atom. 

TasxeE III. 
Salt. No. of Catoms. Spacing, in A.U. 


Acid sodium laurate 12 35-76 
Acid sodium palmitate 16 46-05 
Acid sodium stearate 18 50-6 
Thallium palmitate 16 38-8 
Thallium stearate 18 42-2 





THE INFLUENCE OF THE POLARITY OF THE SOLVENT, ETC. 239 


Gibbs (J., 1924, 125, 2622) concludes that a linear relationship 
of this nature does not exist for the lower members of the fatty acids. 
It is hoped to show in a further communication that this apparent 
breakdown of the linear law can, in part at least, be attributed to 
multiplicity of crystalline form. 


Summary. 


X-Ray photographs show that the potassium salts of the fatty 
acids have spacings increasing uniformly with the carbon content 
from 2 to 24 atoms. Another similar series of spacings exists for 
acid salts, 1.e., equimolecular compounds of free acid and neutral 
salt. The chain in this type of salt cannot be accounted for by a 
tetrahedral angle of 109° 28’ between the lines joining the centres 
of successive atoms—at least 111° 46’ is required. 


I am indebted to Mr. T. Howard and Mr. Leacy for taking some 
of the photographs. Part of the expenses of the work were covered 
by a grant from the University Colston Research Society. 


THe H. H. Witi1s Pxuysicat LABORATORY, 
THE UNIVERSITY, BRISTOL. [Received, September 14th, 1928.] 


XXXV.—The Influence of the Polarity of the Solvent on 
the Velocity of a Reaction. 


By Ropert Napier KERR. 


THE purpose of this investigation was to examine the relationship 
between the influence which a solvent exerts on the velocity of a 
reaction and the polar properties of that solvent as measured by the 
electric moment of the molecule. For this purpose it was necessary 
to select solvents having similar constitutions but considerably 
different electric moments, and accordingly certain isomeric 
disubstituted benzene derivatives were chosen. The reaction 
between allyl bromide and pyridine appeared to be suitable for the 
study, since Hawkins (J., 1922, 121, 1170) had already found for 
this reaction an approximate connexion between the influence of the 
solvent and the dielectric constant. 


ExPERIMENTAL. 


Satisfactory results were not obtained by the method given by 
Hawkins, and ultimately the following procedure was adopted. 
Solutions of pyridine (approx. 2M) and of allyl bromide (approx. V) 
in the required solvent were prepared, and 2 c.c. of each were 
transferred by a calibrated pipette to a bulbed tube, which was 
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rapidly sealed and placed in a thermostat, the time of insertion being 
taken as zero time for the reaction. After a definite interval the 
reaction was stopped by pouring the mixture into dilute nitric acid. 
The unchanged allyl bromide was removed by shaking with benzene, 
and the amount of quaternary compound formed was then deter- 
mined by Volhard’s thiocyanate method. The velocity coefficients 
were calculated from the equation k=1/t(a—b) . log, b(a—a) /a(b—z2) ; 
four or five determinations were carried out for each isomeride and 
the coefficients obtained were reasonably constant in all cases. Two 
examples of the results obtained are given below; a, 6, and z (in 
g.-mols. /].) are respectively the initial concentrations of pyridine and 
allyl bromide and the concentration of the quaternary compound 
formed in time ¢ (in minutes). 
Solvent : benzene. Solvent : m-tolyl methyl ether. 
a = 0-979; b = 0-496. a = 0-983; b = 0-498. 
t. 2. k x 105. t. 2. k x 10°. 

113 0-1331 304 26 0-1174 1122 

158 0-1731 308 34 0-1416 1102 

210 0-2109 308 41 0-1656 1105 

257 02432 313 48-5 0-1871 1102 

334 0-2788 305 

A modified procedure was employed with solvents which were solid 
at room temperature and also where the amount of material available 
was small. Some of the solid was weighed into a tube and the 
calculated weight of pyridine was then added. The tube was placed 
in the thermostat and after the contents had melted the calculated 
volume of allyl bromide was added from a 1 c.c. graduated pipette. 
The contents of the tube were removed for analysis by washing out 
with hot benzene. For the calculation of the velocity coefficient, 
the volume of the solution was taken as the sum of the volumes of the 
solvent and of the two reactants. This method of procedure was not 
as accurate as the first, but a larger number of determinations were 
made and the average taken ; thus, with p-nitrotoluene, 100k = 629, 
603, 589, 619, 628, 618. 

All the solvents used, with the exception of m-dichlorobenzene, 
were B.D.H. reagents; the liquids were carefully fractionated and 
the solids recrystallised from alcohol. The m-dichlorobenzene was 
a sample from a previous research, and as only a small quantity was 
available it was not redistilled before use. Both the pyridine (b. p. 
116-8° after refluxing over caustic potash) and the allyl bromide 
(b. p. 69-8—70-0°) were kept in the dark and remained colourless 
throughout the experiments. 

The results are summarised in Table I. The velocities of reaction 
in the corresponding monosubstituted derivatives as solvents have 
also been determined under the same conditions, and are included 
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for comparison. In the second column are given the ranges of x for 
which the reaction has been investigated, in the third the extent of 
variation of k obtained, in the fourth the average value of k, and in 
the last there are reproduced the figures for the electric moment, 
u, found by Smyth and Morgan (J. Amer. Chem. Soc., 1928, 50, 
1544) and Williams and Schwingel (ibid., p. 366). All experiments 
were carried out at 56-4° + 0-1°. 


TaBLeE I. 


k x 10? 
(range). 


k x 10° 
(mean). 


Solvent. 2. 


Chlorobenzene 


o-Dichlorobenzene 


m- > 
Pri ” 


o- Tolyl methyl ether.. 
m- ” ” 


P- 2? es 


Nitrobenzene 
o-Nitrotoluene 


0-133—0-279 


- 0-119—0-201 
--- 0°102—0-143 
- 0-131—0-171 


0-168—0-268 
0-082—0-190 


: . 0-117—0-187 
--- 0°115—0-199 


0-355—0-395 
0-313—0-432 
0-297—0-371 
0-322—0-431 


0-304—0-313 
0-917—0-940 
1-533—1-588 
0-847—0-886 
0-:792—0-812 


1-545—1-605 
0-822—0-835 
1-102—1-+122 
1-087—1-120 
9-70—10-52 

5-902—6-100 
4-646—4-872 
5-891—6-290 


0-308 
0-924 
1-566 
0-866 
0-799 


1-581 
0-829 
1-108 
1-103 


10-15 
5-993 
4-841 
6-145 


Discussion of Results. 


Consideration of the above results shows that in certain cases the 
marked differences found in velocity in the isomerides ‘can be ex- 
plained by the size of the moment of the molecule. For instance, 
m-dichlorobenzene has approximately the same moment as chloro- 
benzene and the rate in the two solvents is nearly equal; on the 
other hand, the o-isomeride has a greater moment and the velocity is 
correspondingly increased. Although no values for the moments 
of the tolyl methyl ethers are yet available, the dielectric constants 
as’ determined by Philip and Haynes (J., 1905, 87, 1000), viz., 
o- = 3°57, m- = 4-08, p- = 4:03, show that the velocities in these 
isomeric solvents are also in striking accord with their polar nature. 
In other cases, however, variations occur in the velocity which would 
not be expected from the moments; ¢.g., p-dichlorobenzene has 
zero moment which leads one to predict a velocity in it comparable 
with that in benzene, whereas actually the value found is more than 
twice as great. Similarly there is no evidence from the moments of 
the molecules to account for the rate in wv-nitvotoluene being markedly 
lower than in its two isomerides. 

The conclusion may be drawn, therefore, for these isomerides that 
in some cases the influence of the solvents can be connected satis- 
factorily with the moments of their molecules, but that in other cases 
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differences of velocity occur which are not due to changes in the 
molecular moments. 


The author wishes to thank Prof. J. F. Spencer for his interest in 
this work and also the Research Fund Committee of the Chemical 
Society for a grant in aid of it. 


BEDFORD CoLLEGE (UNIVERSITY oF LONDON), 
ReEGent’s Park, N.W. 1. [Received, November 24th, 1928.] 





XXXVI.—The Preparation of Some Metallic Chromaies. 
By Samurt Henry Cuirrorp Briaas. 


THE normal chromates of copper, zinc, and cadmium were first 
obtained by Schulze (Z. anorg. Chem., 1895, 10, 148) in an insoluble 
anhydrous form by heating solutions of the dichromates with the 
corresponding hydroxides in sealed tubes. The author has confirmed 
these results and also prepared the normal chromates of nickel and 
cobalt (ibid., 1908, 56, 246; 1909, 63,325). Britton (J., 1926, 134) 
studied the precipitation of basic zinc chromate and, apparently 
without attempting to repeat Schulze’s experiments, made the 
following statement: ‘‘ An insoluble normal zinc chromate has 
been stated to exist by Schulze and by Briggs, but the latter’s data 
are unconvincing.” In view of this criticism the previous work 
has been repeated, and the existence of the normal zinc chromate 
described by Schulze has once more been confirmed. 

During attempts to obtain other normal chromates by various 
modifications of Schulze’s method, the following crystalline com- 
pounds were prepared: 9ZrO,,5CrO,,12H,O; 3Al,03,2Cr0,,6H,0 ; 
2¥Fe,0,,4Cr0,,H,0; 38b0,,2CrO,; and also the chromites 
2Sb,0,,Cr,0, and 3Bi,0,,2Cr,0;. With the exception of the 
complex iron compounds of Hensgen (Ber., 1879, 12, 1300), no 
definitely crystalline chromates of aluminium, iron, or antimony 
appear to have been previously described. 

The normal chromates of copper, cadmium, and cobalt have also 
been obtained in an insoluble hydrated form by the action of sodium 
chromate on a large excess of highly concentrated solutions of the 
corresponding dichromates. The normal chromates of nickel and 
zine could not be prepared by this method, in accordance with 
Britton’s observations on»zinc chromate (loc. cit.). 


ExPERIMENTAL. 


Zine Chromate-—By an alteration in the proportions of the 
reagents the normal chromate of zinc was obtained free from the 
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basic salt present in the earlier preparations. Chromium trioxide 
(5 g.) was mixed with 4-5 g. of zinc carbonate (ZnO, 70%) and 5 c.c. 
of water in a glass tube, and the mixture warmed until evolution of 
carbon dioxide ceased. The tube was then sealed and heated for 
4 hours at 200—210°. After being washed with cold water and 
dried, the product was a yellow, satiny powder (Found: ZnO, 
45-4; CrO;, 54-7. Cale.: ZnO, 44-9; CrO,, 55-1%). Under the 
microscope it appeared homogeneous and consisted of a felted mass 
of acicular crystals. It was sufficiently soluble in water to give a 
distinctly yellow solution. 

Zirconium Chromate, 9ZrO,,5CrO,,12H,O0.—Crystallised zirconium 
nitrate (7 g.) in 50 ¢.c. of water.was added to 10 g. of potassium di- 
chromate in 80 c.c. of water. The precipitate was filtered off after 
1 day, washed with a little water, and dried in a vacuum. The dried, 
powdered product (2-5 g.) was heated in a sealed tube for 34 hours 
with 6 g. of chromium trioxide and 6 c.c. of water at 190°. An 
orange-red, homogeneous, crystalline powder was obtained, which 
was insoluble in water (Found: ZrO,, 60-7; CrO,, 27-0; ZrO, + 
Cr,03, 81-2. 9ZrO0,,5CrO,,12H,O requires ZrO,, 60-7; CrO 3, 27-4; 
ZrO, + Cr,0z, 81-6%). 

Aluminium Chromate, 3A1,0,,2Cr0,,6H,0.—4 G. of hydrated 
aluminium chloride in 25 c.c. of water were added to a solution of 
15 g. of sodium chromate in 30 c.c. of water, and the mixture was 
heated for 1 hour on the water-bath. The filtered precipitate was 
washed with a little water and dried in a vacuum.” The finely 
powdered product (1-8 g.) was heated in a sealed tube for 4 hours at 
200—210° with 2 g. of chromium trioxide and 2 c.c. of water. A 
crystalline, insoluble, lemon-yellow powder was obtained (Found : 
Al,O,, 49-6; CrO,, 32:3. 3A1,03,2Cr0,,6H,O requires Al,Og, 
49-8; CrO,, 32-6%). 

Ferric Chromate, 2Fe,03,4CrO;,H,O0.—This compound was prepared 
from 5 g. of ferric chloride, the procedure and the quantities of the 
other reagents being exactly the same as with the aluminium salt ; 
it was a brownish-black, insoluble solid (Found: Fe,Q,, 43:7 ; 
CrO,, 53-7. 2Fe,03,4Cr0,,H,O requires Fe,O,, 43-3; CrOs, 54:2%). 
Under the microscope it was seen to consist of shining, black crystals 
mixed with a trace of a lighter-coloured substance, evidently of a 
more basic character as shown by the analysis. The formula may 
also be written 2(FeCrO,),0,H,O, and the compound is therefore 
analogous to the dichromate (FeCr,0,);0 described by Calcagni 
(Gazzetta, 1925, 55, 396). 

Antimony Chromate, 3Sb0,,2CrO,.—Antimony oxychloride, 
2SbOCL,Sb,0, (3-5 g.), was heated for 4 hours in a sealed tube at 
200° with 6 g. of chromium trioxide and 6 c.c. of water. On 
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opening the tube, a trace of a straw-coloured sublimate was observed, 
probably an oxychloride, and an orange-coloured deposit present in 
the liquid was found to consist of crystalline, spherical aggregates, 
insoluble in water but slowly soluble in nitric acid. The compound 
was analysed by decomposition with concentrated sulphuric acid, 
followed by digestion on the water-bath with a solution of tartaric 
acid until it was completely dissolved. The antimony was pre. 
cipitated with hydrogen sulphide, and the filtrate evaporated and 
ignited, leaving the chromium as sesquioxide (Found : SbO,, 69-53 ; 
CrO,, 30-52. 3S8bO0,,2CrO, requires SbO,, 69-76; CrO,, 30-24%). 
Several attempts to repeat the preparation of this compound failed, 
the following chromite being obtained. It is proposed to make a 
further investigation of the chromates of antimony. 

Antimony Chromite,2Sb,0,,Cr,03;.—The oxychloride 2SbOC1,Sb,0, 
(3-5 g.) was heated as before for 5 hours at 200° with 8 g. of chromium 
trioxide and 8 c.c. of water. The chromic acid was partly reduced, 
and there was formed a brown powder mixed with a dark-coloured 
liquid which had a strong odour of chlorine. The solid, after being 
thoroughly washed and dried, had the appearance of powdered 
stone (Found: Sb,0,, 80-0; CrO,, 19-9. 2Sb,0,,Cr,0, requires 
Sb,0,, 79-3; CrO,, 20-7%). It was totally insoluble in alkalis, 
water, or acids, including aqua regia. 

Bismuth Chromite, 3Bi,O3,2Cr,0,—This was prepared (5 g. 
BiOCl; 6 g. CrO,; 6 c.c. water) in the same way as the antimony 
chromite, which it resembled in appearance and properties (Found : 
Bi,O3, 82-7; Cr,05, 18-0. 3Bi,0;,2Cr,0, requires Bi,O,, 82-1; 
CrO3, 17-9%). 

An attempt was made to prepare a normal chromate from bis- 
muthyl dichromate by a similar method, but only unchanged material 
was recovered. 

Copper Chromate, CuCrO,,2H,O0.—A solution of 4-5 g. of crystal- 
lised sodium chromate (73% Na,CrO,) in 20 c.c. of water was added 
in the cold to a solution of 17 g. of copper carbonate in 30 c.c. of 
water containing 30 g. of chromium trioxide. The reddish-brown 
precipitate was filtered off and washed with cold water. It weighed 
2 g. and under the microscope it was seen to be crystalline and 
homogeneous (Found: Cu, 29-7; CrO,, 46-6. Cale.: Cu, 29-5; 
CrO,, 46-4%). 

Cobalt Chromate, CoCrO,,2H,0.—This was prepared in exactly 
the same way as the copper compound, and obtained as a black, 
microcrystalline powder (Found: Co, 28-1; CrO,, 47-4. Cale. : 
Co, 27-9; CrO,, 47-4%). 

Cadmium Chromate, CdCrO,,H,O0.—This was prepared in the 
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same way and consisted of a bright yellow, crystalline powder 
(Found : Cd, 45-3; CrO,, 40-9. Cale.: Cd, 45-6; CrO,, 40-6%). 

The water molecules in the normal chromates of copper, cobalt, 
and cadmium are very firmly attached and are not evolved in a 
vacuum over sulphuric acid. 

Nickel Chromates.—When an attempt was made to prepare a 
normal chromate of nickel in the same way as for copper, a clear 
solution was obtained, from which at the summer temperature 
a deep red compound crystallised very slowly, 1-9 g. having separated 
after 4 days. The red compound appeared homogeneous under the 
microscope, but had a very complex constitution [Found : Ni, 25-9; 
CrO,, 49-7 ; loss, after twelve days in a vacuum over sulphuric acid, 
41; Na, 5:2. 2Na,CrO,,7NiCrO,,Ni(OH),,10H,O requires Ni, 
25-8; CrO 4, 49-5; 4H,0, 4:0; Na, 5-1%]. 

In another experiment a solution of 40 g. of chromium trioxide 
in 40 c.c. of water was saturated with nickel carbonate; 15 g. of 
sodium chromate in 25 c.c. of water were then added with vigorous 
stirring and the mixture was cooled to 0°. In spite of inoculation 
with nickel sulphate and magnesium chromate, no crystals of 
normal nickel chromate separated, but a slight brown deposit having 
approximately the composition 2Ni0,CrO,,5H,O had formed after 
2 hours (Found: Ni, 34-9; CrO,, 28-9; 3H,O, loss after five 
months over sulphuric acid in a vacuum, 15-9. Calc.: Ni, 34-6; 
CrO,, 29-4; 3H,O, 15-9%). 

[ Received, December 1ith, 1928.] 


XXXVII.—The Inflammation of Mixtures of the 
Olefins and Air in a Closed Spherical Vessel. 


By GrorGE Barton MAXWELL and RICHARD VERNON 
WHEELER. 


PARALLEL experiments to those already described (J., 1927, 2069) 
on the inflammation of mixtures of the paraffins and air have been 
made with ethylene, propylene, and butylene. The mixtures, 
initially at atmospheric pressure and room temperature (about 
17°), were ignited by a secondary discharge at the centre of a closed 
spherical vessel of bronze, of 4 litres capacity, having its interior 
highly polished. Records of the pressures developed and their 
rates of development were obtained, and the results are summarised 
in the following tables, the term “‘ molecular ratio ’’ denoting the 
ratio of the number of molecules in unit volume at the moment of 
maximum temperature to the initial number. 
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Tasze I. 
Miztures of Hihylene and Air. 
Theoretical mixture for complete combustion : 6-53°% C,Hy,. 
Approximate limits of inflammability : 3-4—16% C,H,. 
Time from ignition Time from ignition Maximum press. 

Ethylene, to first indication to maximum press. above atmospheric 

%. of press. (sec.). (sec.). (atm.). 

4:14 0-042 0-092 5-58 
0-035 0-070 6-29 
0-027 0-051 6-74 
0-022 0-044 6-67 
0-020 0-040 6-80 
0-012 0-029 7-71 
0-009 0-0265 7-70 
0-010 0-027 7-91 
0-010 0-028 7-96 
0-013 0-029 7-96 
0-014 0-030 8-12 
0-013 0-027 8-12 
0-020 0-050 7°76 
0-026 0-068 


Calculated Maximum Temperatures and Pressures. 


Products of combustion at moment of 

maximum temperature, %. *“Mole- Maxi- 
~ cular mum 
co, CO. H,O. H,. O,. N,. ratio.”’ temp. 
8-64 2-97 12-81 0-43 3-30 71-85 1-0173 2437° 
7-72 5-65 14-13 0-82 1-74 69-94 1-0333 2530 
7-22 6-92 14-64 1-13 105 69-04 1-0420 2555 
6-42 8-50 14-98 1:58 0-62 67-90 1-0531 2560 
4-60 11-79 14:97 2-99 0-12 65-53 1-0798 2505 
3-19 14:52 13°94 531 0-02 63-02 1-1101 2415 


- 
_ 
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TasBieE IT. 
Mixtures of Propylene and Air. 
Theoretical mixture for complete combustion : 4:44% C,H,. 
Approximate limits of inflammability : 2—8% C,H,. 
Time from ignition Time from ignition Maximum press. 

Propylene, to first indication to maximum press. above atmospheric 
%. of press. (sec.). (sec.). (atm.). 
3-18 0-059 0-098 5-69 
3°22 0-057 0-096 5-92 
3°40 0-049 0-089 6-32 
3-42 0-032 0-078 6-70 
3-50 0-033 0-068 6°79 
3°82 0-023 0-060 720 
4:28 0-027 0-049 7-12 
4-64 0-023 0-044 7°48 
4°89 0-023 0-040 7°54 
5-45 0-024 0-043 7-65 
5-67 0-026 0:046 7-66 
6-06 0-035 0-059 7-47 
6-58 0-053 0-101 7°35 
6°89 0-056 0-113 7-05 
7°54 0-102 0-256 5-68 
7°65 0-115 0-380 §-18 
7°84 0-153 0-470 4°40 
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TABLE II (conid.). 


Calculated Maximum Temperatures and Pressures. 


Products of combustion at moment of 
maximum temperature, %. *Mole- Maxi- 
cular mum 
co. H,O. H,. 0O,. N;. ratio.”” temp. 
0-97 1163 0-13 4:78 73-28 1-0228 2235° 
3-69 13°83 0-48 1-84 71-16 1-0439 2445 
5-06 14:28 0-76 1:33 70-20 1-0543 2460 
6-30 14:76 1:00 0-76 69°36 1-0640 2467 
9-56 14:99 2-22 0-13 67-01 1-0929 2425 
12-78 14:34 417 0-01 64-47 1-1274 2315 
14:63 13-46 65-94 Trace 62-69 1-1529 2217 


TaBe III. 
Mixtures of Butylene and Air. 


Theoretical mixture for complete combustion : 3-37% C,Hsg. 
Approximate limits of inflammability : 2—6% C,Hsg. 


Time from ignition Time from ignition Maximum press. 
C,H, to first indication to maximum press. above atmospheric 
%. of press. (sec.). (sec.). (atz.). 

2-14 0-091 0-193 5°30 
2-39 0-063 0-107 5°84 
2-58 0-040 0-088 6-40 
3-07 0-027 0-056 7°34 
3-65 0-021 0-045 7-95 
4-07 0-019 0-041 8-03 
4-23 0-020 0-042 7-94 
4-44 0-023 0-046 7°82 
4-53 0-023 0-048 7°95 
4-65 0-026 0-056 7-96 
5-21 0-040 0-087 7-65 
5-27 0-048 0-094 7°38 
5-84 0-073 0-181 6°75 

0-128 0-564 4-54 


Calculated Maximum Temperatures and Pressures. 


Products of combustion at moment of 

maximum temperature, %. *“Mole- Maxi- Press. 

_— eae. cular mum srise, 
co,, CO. H,O. Hy, Os. N,. ratio.” temp. atm. 
9-36 1:99 12:73 0:26 3-26 72:40 1-0412 2337° 845 
8-80 420 14:00 0-60 1:65 70-75 1-0598 2430 8-94 
8-05 605 14:75 0-94 0-73 69-48 1-0755 2455 919 
6-87 8-22 15:05 1:59 025 68-02 1-0950 2435 9-29 
408 13-01 14:27 430 0-01 64:33 1-1486 2272 9165 








The Pressures developed.—In Fig. 1 a graphical comparison is 
made of the variation of maximum pressure, both calculated and 
observed, with composition of the mixtures. In Table IV are given 
data, obtained from Fig. 1, comparing the observed and the cal- 
culated maximum pressures and recording the amounts of “ lost 
pressure *’ expressed as percentages of the calculated values. The 
theoretical mixtures for complete combustion are recorded in the 
first column of the table. As with the paraffins, there is with each 
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olefin a marked “displacement” of the observed - maximum. 
pressure mixture, from the theoretical mixture for complete com- 
bustion, towards excess of hydrocarbon. These displacements 
can only be attributed to the effects of dissociation, since the 
calculated values, for which an allowance is made for dissociation, 
are similarly displaced. 
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TABLE IV. 


Theoretical Mixture giving Maximum press., 
mixture for maximum press., %. atm. Lost 
complete com- ~ —$___— press., 
bustion, %. Cale. Obs. Cale. Obs. %. 
C,H, ... 6-53 8-35 8-25 9-42 8-15 13-6 
4-44 5-50 5-45 9-28 7°75 16-5 
3°37 4-20 4-20 9-30 8-00 14-0 





> 


The “lost pressures’ are greater than were calculated for the 
paraffins, for which the highest value, with methane, was 9-8°%,. 
Whilst this result may be due to errors in the data used in the calcul- 
ations, it is possible that the loss of heat during explosion of the 
olefins is higher than with the paraffins, either through greater 
radiation or by reason of less complete combustion at the moment 
of maximum pressure. As regards possible errors in the data, we 
have previously pointed out that Bjerrum’s values for the mean 
specific heats of steam are probably too low over the temperature 
range concerned (loc. cit.; and J., 1928, 15). There is no reason 
to believe, however, that the error thus introduced into the calcul- 
ations would be more marked at the somewhat higher temperatures 
attained on explosion of olefin—air mixtures, for Bjerrum’s values 
increase rapidly with temperature over this range (2000—3000°). 
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On the other hand, it does not seem probable that conduction losses 
can materially affect the pressures attained under the conditions 
of experiment, except with mixtures near the limits of inflammability 
(in which flame does not spread spherically from the point of 
ignition) or with such mixtures as exhibit considerable “ after- 
burning.” None of the time—pressure records with the olefin-air 
mixtures showed the flattened crest, or initial retardation of the 
cooling curve, usually associated with “‘ after-burning.” On the 
whole, higher radiation losses, due to the higher explosion-temper- 
atures attained, would seem to be the most reasonable explanation 
of the greater “‘ lost pressures.” 


Fia@. 2. 
0°10 2700° 


\ 








2600° 


2 
So 
@ 





2500° 


2 
J 
@ 


1 2400° 





2 
Qo 
r=4 





Temperature. 


pressure (seconds). 


sot et A. Evrnyvene. 


B. PropyLene. || 2300° 


C. Butrvene, 
OBSERVED TIMES OF EXPLOSION, a 
CALCULATED EXPLOSION TEMPS. <= <== 


; ; 2200° 
7 8 9 10 


Combustible gas in air, %. 








2 
S 
wt 


> 
~_ 
3 
= 
‘= 
° 
~ 
= 
$ 
: 
> 
‘e 
S 
S 
SS 
© 
& 
S 
& 


























The Rate of Development of Pressure —Fig. 2 shows the effect of 
composition of the mixtures on the “time of explosion” (the 
interval between ignition and the attainment of maximum pressure) 
and on the (calculated) explosion-temperatures. Table V, compiled 
from Fig. 2, makes comparison between the observed “‘ maximum- 
speed” mixtures and the calculated “ maximum-temperature ” 
mixtures. The ‘‘ maximum-speed ” mixture for each gas is that 
for which the “‘ time of explosion ”’ is least. 


TABLE V. 


Composition of Maximum-speed and Maximum-temperature Mixtures 


Olefin in Olefin in Time (obs.) 
max.-speed max.-temp. Mean from ignition 
mixture mixture temp., to maximum 
(obs.), %- (calc.), %. calc. pressure (sec.). 
7-6 7-8 2563° 0-026 
. 5-0 2468 0-040 
3-9 2457 0-041 
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As with the paraffins (loc. cit.), the close correspondence between 
the observed values for the maximum-speed mixtures and the 
calculated values for the maximum-temperature mixtures shows 
that, for mixtures of a given combustible gas with air, flame temper- 
ature is the controlling factor in determining the mean rate of 
development of pressure. From recent experiments by Miss E. M. 
Georgeson and Mr. F. J. Hartwell (private communication), it is 
evident that the speed of the uniform movement of flame in mixtures 
of the olefins with air is also controlled mainly by the flame temper- 
ature, for the compositions of the maximum-speed mixtures (see 
Table VI) are the same as in our experiments. The order of speed 
of the flames is also the same. 


















TABLE VI. 


Uniform Movement in Olefin—Air Mixtures. 
(Georgeson and Hartwell.) 








Olefin in maximum- Speed (cm./sec.) of uniform move- 

speed mixture (obs.), %. ment (obs.) (2°5-cm. diam. tube). 
Ethylene ... 7-6 165 
Propylene ... 5-1 101 
Butylene ... 4-0 98 







The displacement of the maximum-temperature mixture from 
that for complete combustion towards excess of inflammable gas, 
deduced by Tizard and Pye (Empire Motor Fuels Committee, 
Report, 1923—24) and by ourselves, has recently been observed 
experimentally by Loomis and Perrott (Ind. Eng. Chem., 1928, 
20, 1004), who find that the methane—air and propane-air mixtures 
giving the highest flame temperatures contain 9-8% of methane and 
4-2°%, of propane. Our calculated values (loc. cit., p. 2078) were 
10-0°% and 4:4% respectively; whilst the mixtures for complete 
combustion contain 9-47% and 4-0%, respectively. 
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EXPERIMENTAL. 


The apparatus and mode of procedure were as for the experiments 
on the inflammation of mixtures of the paraffins and air (see also 
J., 1918, 113, 844). The gases were obtained commercially and 
purified by liquefaction and fractional distillation until the theoretical 
values for the ratio C/A were obtained on explosion analysis (C = 
contraction; A = subsequent absorption by potassium hydroxide 
solution). The butylene consisted of normal and iso-hydrocarbons 
in nearly equal proportion. 

Calculations.—The method of calculation of maximum temper- 
atures and pressures, and the data used were as for the paraffins, 
with the following additional data for heats of combustion (lower 
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values) at constant volume: Ethylene 325-3, propylene 462-3, 
butylene 610-2 kg.-cals. per g.-mol. 

Note.—In our paper on the pressures produced on inflammation 
of mixtures of carbon monoxide and air (J., 1928, 17), the following 
correction should be made with respect to the dissociation of carbon 
dioxide: ‘‘ Expressed as percentages, the corresponding values at 
l atm. and 2543° K are: Fenning and Tizard, 13-8; Bjerrum, 20-7; 
Maxwell and Wheeler, 25-6.”’ The correction in no way affects the 
argument advanced in the paper. 


DEPARTMENT OF FuEL TECHNOLOGY, 
SHEFFIELD UNIVERSITY. [Received, December 21st, 1928.] 





XXX VIII.—2-Substituted Derivatives of p-Cresol. 


By Maurice Copisarow. 


HoLLEMAN and HoEFLAKE (Rec. trav. chim., 1916, 36, 270) have 
shown that p-cresol is convertible into its 2-nitro-derivative [Me 
in position 1] by nitration of its carbonate and subsequent hydro- 
lysis, but their procedure, as well as that described in D.R.-P. 
206638 (Friedlander, ‘‘ Fortschritte in der Teerfarbenfabrikation,”’ 
IX, 151), is not entirely satisfactory, and the modifications now 
described enable much better yields to be obtained. 

The methyl ether of 2-nitro-p-cresol was obtained in good yield 
by the action of methyl sulphate on (a) 2-nitro-p-cresol and (6) 
2-nitro-p-tolyl carbonate in alkaline medium under atmospheric 
pressure. This compares well with Knecht’s method (Annalen, 1882, 
215, 88; Ber., 1882, 15, 1072) of heating potassium 2-nitro-p-tolyl- 
oxide with methyl iodide under pressure. The methyl ether of 
2-amino-p-cresol (isocresidine) was obtained in 78—82% yield by 
reducing the methyl ether of 2-nitro-p-cresol with iron filings in an 
acid medium, instead of tin and hydrochloric acid (Knecht, Joc. cit.). 

2-Amino-p-cresol was obtained by the direct and simultaneous 
reduction and hydrolysis of 2-nitro-p-tolyl carbonate with (a) 
sodium sulphide and (5) less satisfactorily with iron filings in acid 
medium, a process entirely different from and simpler than those 
of Knecht (Annalen, 1882, 215, 91; Ber., 1882, 15, 300), Wallach 
(Ber,, 1882, 15, 2834), and Maasen (Ber., 1884, 17, 610), who obtained 
the substance by diazotisation of 2 : 4-tolylenediamine. 


EXPERIMENTAL. 
p-Tolyl carbonate, m. p. 113° after crystallising from alcohol, 


was obtained in 98%, yield by passing carbonyl chloride into a 
stirred solution of p-cresol (108 g.) and sodium hydroxide (42 g.) 
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in water (500 c.c.) maintained at 40—50°; when the gas was no 
longer absorbed, the product was triturated with cold aqueous 
sodium hydroxide (3—5%), washed, and dried below 100°. Below 
30°, p-tolyl chloroformate also was produced in the reaction, and 
above 60° hydrolysis of the p-tolyl carbonate took place. 

A mixture of sulphuric acid (240 g. of 99—100% H,SO,) and 
nitric acid (2-12 mols. of 86—92% acid) at 10—12° was gradually 
added to a stirred solution of p-tolyl carbonate (240 g.) in 99—100°%, 
sulphuric acid (1200 g.) at 12—15°. The mixture, after being stirred 
for 2 hours at 18—20°, was poured on ice (2 kg.). The crude 
pressed material was boiled with aqueous sodium carbonate (200 g. 
in 2 1. of water) for 2 hours, the solution at once acidified at 35°, 
and the 3-nitro-p-cresol removed by distillation in steam. The 
residual 2-nitro-isomeride (yield, 79%), after being decolorised in 
benzene or alcohol with animal charcoal, was obtained in yellow 
odourless crystals, m. p. 76—77°. 

A mixture of 2-nitro-p-cresol (153 g.), toluene (300 c.c.), methyl 
sulphate (140 g.), and anhydrous sodium carbonate (127 g.) was 
heated and stirred at 110—112° for 4—5 hours. On steam distill- 
ation the toluene came over, followed by 2-nitro-p-tolyl methyl 
ether as a pale yellow oil (yield, 77%). 

A mixture of the crude 2-nitro-p-cresol from 120 g. of p-tolyl 
carbonate with toluene was dried by distilling off all but 300 c.c. 
of the latter. The residual solution was treated at 50—60° with 
methyl sulphate (140 g.) and sodium carbonate (160 g.), and the 
whole stirred and heated at 110—112° for 4—5 hours. The yield 
of methyl ether was 60% of the p-tolyl carbonate used. The ethy! 
ether was prepared in a similar manner. 

2-Amino-p-cresol was obtained from a similar quantity of the 
above crude nitration product, after removal of traces of 3-nitro- 
p-cresol in steam, by the gradual addition of a solution of crystall- 
ised sodium sulphide (480 g.) in water (1600 c.c.) to a thin paste 
of the material in water (100 c.c.) at 40°. The reduction was com- 
pleted in 4—5 hours at 90—95°, and the mixture was then acidified, 
boiled to remove hydrogen sulphide and sulphur dioxide, and 
neutralised. The total yield corresponded to 79% of the carbonate 
used, but one-fifth of this remained in solution. Recrystallised 
from ether, the product was obtained in colourless crystals, m. p. 
157—159°. 

isoCresidine (2-amino-p-tolyl methyl ether) resulted from the 
reduction at 95—98°, in a reflux apparatus, of 2-nitro-p-tolyl 
methyl ether (167 g.) in water (600 c.c.) and glacial acetic acid 
(15—20 c.c.) by the gradual addition of iron filings (170 g.) during 
2—3 hours. Isolation of the product by steam distillation gave 4 
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pure product but involved loss owing to the solubility of the base 
even in brine. Extraction of the reduction mixture with toluene 
and precipitation of the base in the form of its hydrochloride gave 
a better yield but a less pure product. 

p-Tolyl chloroformate (compare Barrel and Morel, Compt. rend., 
1899, 128, 1578; Pickard and Littlebury, J., 1907, 91, 302) is best 
prepared by passing carbonyl chloride into a stirred solution of 
p-cresol (108 g.) and sodium hydroxide (42—44 g.) in water (500 c.c.), 
maintained below 10°. The oily product boils at 108°/30 mm. 
(yield, 783—80%). 


The author wishes to express his indebtedness to Mr. George 
E. McKenlay, B.Sc. (Tech.), for assistance in connexion with this 
work. 

THE UNIvEersITy, MANCHESTER. [Received, October 13th, 1928.] 





XXXIX.—The Chlorination of Phthalic Acid in 
Alkaline Solution. 


By Ernest Epwarp AyLina. 


THE chlorination of phthalic acid in alkaline solution, first 
described by Auerbach (Chem.-Zig., 1880, 4, 407) and confirmed by 
Zincke and Schmidt (Ber., 1894, 27, 741), was shown by Egerer 
and Meyer (Monatsh., 1913, 34, 81) to yield 4-chlorophthalic acid. 
Moore, Marrack, and Proud (J., 1921, 119, 1788), in preparing the 
latter by this method, could not obtain it sufficiently pure for 
analysis. From the divergence in the analyses and constants 
given by the above workers for the chloro-acid and its anhydride, 
and also from their disagreement with the values obtained for 
these compounds, when prepared by other methods (compare Beil- 
stein, ““ Handbuch der Organische Chemie,” IV Aufl., IX, 816; 
Bogert and Renshaw, J. Amer. Chem. Soc., 1908, 30, 113; von 
Braun, Ber., 1923, 56, 2332), it would appear that the pure acid 
cannot be readily obtained by the direct chlorination method. 
It seemed of interest, therefore, to submit the method to a closer 
investigation. 

The chlorination proceeds most satisfactorily with 3 molecules 
excess of potassium hydroxide. The precipitated potassium 
hydrogen salts consist mainly of 4-chlorophthalate together with a 
little phthalate and some 4 : 5-dichlorophthalate, which has not been 
previously recognised in this reaction and was identified through 
the anhydride. The earlier workers (Auerbach; Egerer and Meyer ; 
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Zincke and Schmidt, locc. cit.) give no clue as to the excess of alkali 
employed, and Moore, Marrack, and Proud (loc. cit.) recommend 
the use of 5 molecules excess of sodium hydroxide. This quantity, 
however, was found to yield a product containing a much larger 
proportion of dichlorophthalate, which could not be removed 
entirely by the methods of purification recommended, and its 
presence would account for the observation of Moore, Marrack, 
and Proud that chloride is retained, and for the high chlorine 
content of the 4-chloro-anhydride found by Egerer and Meyer. 

The separation of 4-chlorophthalic acid from admixed phthalic 
and 4: 5-dichlorophthalic acids by means of solvents, as recom- 
mended by previous workers, was not found practicable owing to 
the small difference in solubility of the chloro-acids. Conversion 
of the mixed acids into their methyl esters, however, gave a mixture 
which was readily separated by distillation under reduced pressure, 
the methyl 4-chlorophthalate obtained yielding pure 4-chloro- 
phthalic acid, m. p. 151°. 

The formation of the chlorophthalic acid by this method has 
been ascribed (Egerer and Meyer, loc. cit.) to the action of the 
hypochlorite first formed. This type of action, however, is generally 
associated with amines, acid amides and imides, and hydroxy- 
compounds only. Hypochlorite solution has no action on a neutral 
phthalate solution, whereas chlorine yields chlorophthalates, the 
yield of precipitated salts being, however, small, the greater portion 
of the chlorophthalates remaining in solution. The chlorination, 
therefore, is not dependent on the presence of the excess of alkali 
but results from the direct action of chlorine upon the phthalate 
in solution. The larger yields of precipitated acid salts obtained 
when excess of alkali is used show that the latter serves for the 
ready isolation of the chlorinated products, which are salted out 
by the alkali chloride formed. This view is supported by the 
different results obtained with sodium hydroxide and potassium 
hydroxide. Comparative experiments show that the chlorinated 
product contains much more dichlorophthalate when the former is 
used, and this difference, which has not been previously observed, 
can only result from solubility differences. Potassium hydrogen 
4-chlorophthalate can only be sparingly soluble under the experi- 
mental conditions and is precipitated before much dichlorination 
can take place, whereas the sodium hydrogen 4-chlorophthalate 
must be more soluble, remaining in solution while further chlorination 


occurs. 
EXPERIMENTAL. 


Chlorination of the Alkaline Phthalate Solution.—A rapid stream 
of chlorine was passed into an ice-cooled solution of 16-6 g. of 





PHTHALIC ACID IN ALKALINE SOLUTION. 255 


phthalic acid in 200 c.c. of water containing 28 g. of potassium 
hydroxide (3 mols. excess) until no apparent further precipitation 
of acid potassium salt occurred; on standing, a small additional 
quantity separated (total yield, 19 g. or 80%). The acid salt was 
dissolved in 40% sulphuric acid, and the solution extracted with 
ether, the extract yielding the crude acid, m. p. 141—150° (Found : 
equiv. by titration with baryta, 99-6. Calc., 100-25). Examin- 
ation of the crude acid (a) by fractional precipitation from aqueous 
solution by means of hydrochloric acid (compare Crossley and 
Renouf, J., 1906, 89, 1552), (b) by fractional extraction with 
benzene (compare Auerbach; Egerer and Meyer, locc. cit.), and 
(c) by conversion into the anhydride by means of acetyl chloride 
and fractional crystallisation of the anhydride from carbon tetra- 
chloride, failed to yield a monochloro-compound free from dichloro-. 
Under (a) and (6) phthalic acid was the least soluble, and under 
(c) the least soluble fractions ultimately yielded 4 : 5-dichloro- 
phthalic anhydride, m. p. 187° (compare Villiger, Ber., 1909, 42, 
3532) (Found: Cl, 32-8. Calc.: Cl, 32:7%). This m. p. was 
unchanged by admixture with 4: 5-dichlorophthalic anhydride 
prepared from 4 : 5-dichloro-o-xylene (Hinkel, Ayling, and Bevan, 
J., 1928, 1876). 

Separation by the Esterification Method.—The crude chloro-acid, 
m. p. 141—150°, was esterified in the usual manner with methyl 
alcohol and hydrogen chloride, the excess of alcohol removed 
under reduced pressure, and the residue poured into water. Ex- 
traction with ether yielded a thick liquid which only solidified to a 
white mass on cooling in a freezing mixture. Distillation under 
reduced pressure yielded methyl 4-chlorophthalate, b. p. 186— 
187°/32 mm., which solidified when cooled with ice and crystallised 
from well-cooled light petroleum (b. p. 40—60°) in fine white 
needles, m. p. 38° (Rée, Annalen, 1886, 233, 236; Graebe and 
Rée, J., 1886, 49, 527, give 37°) (Found: Cl, 15-6. Cale.: Cl, 
15-5%). 

Hydrolysis of the methyl 4-chlorophthalate by the usual method 
yielded 4-chlorophthalic acid, m. p. 151°, unchanged by recrystallis- 
ation from carbon tetrachloride or benzene (von Braun, loc. cit., 
gives 157° for the acid obtained from ethyl 4-chlorophthalate) 
(Found: Cl, 17-5. Cale.: Cl, 17-7%). No retention of solvent 
was observed and it is possible that the observation of Moore, 
Marrack, and Proud (loc. cit.) was due to the acetic acid used in 
conjunction with the benzene. 

4-Chlorophthalic anhydride, obtained from the acid by means 
of acetyl chloride, crystallised from carbon tetrachloride in small 
plates, m. p. 97° (Found: Cl, 19-7. Cale.: Cl, 19-5%). 
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Comparative Experiments with Sodium and Potassium Hydroxides, 
—Chlorine was passed simultaneously through two solutions each 
of 16-6 g. of phthalic acid in 200 c.c. of water, containing 24 g. of 
sodium hydroxide (4 mols. excess) in the one case and 33-6 g. of 
potassium hydroxide (4 mols. excess) in the other. The chlorin- 
ation and the isolation of the crude acid were carried out as 
described above. 

NaOH expt. KOH expt. 


Yield of acid salt 19-9 g. 16-3 g. 
Calc. for monochlorophthalate 22-25 g. 23°85 g. 
Mol. wt. of acid salt (by baryta) 243-1 240-2 
Calc. for monochlorophthalate 222-5 238-5 

M. p. of crude acid 153—156° 145—148° 
Equivalent of acid (by baryta) 107-3 100-0 
Monochlorophthalic acid requires : m. p. 151°; equiv. 100-25. 


The author desires to express his thanks to Dr. L. E. Hinkel 
for his advice and for helpful criticism during the progress of this 
work. 


University CoLtLecr, SwANSEA. [Received, December 8th, 1928.]} 





XL.—The Structure of Organic Molecular Compounds. 


By GroraE MacponaLtD BENNETT and GERVASE HEwITsON 
WILLIs. 


TuHE formulation of organic additive compounds by means of the 
electronic theory of valency follows at once in many cases from 
Sidgwick’s interpretation (J., 1923, 123, 725) of Werner’s theory. 
A number of other complexes, particularly those formed by the 
union of two different organic substances, cannot be simply repre- 
sented in this manner and have been generally regarded as having 
their constituent molecules united by means of molecular rather 
than atomic forces. The union is, in fact, attributed to the action 
of the fields of residual valency of either molecules or groups of 
atoms (Pfeiffer, ‘Organische Molekiilverbindungen,” 2nd ed., 
1927, p. 23; Kremann, Ahrens Vortrdge, 1924, 27, 58, 78). Forces 
such as these may indeed account for the cohesion of a liquid and for 
the stable association of molecules in a crystal, but where molecular 
compounds exist in the liquid phase their components must be held 
together more firmly than by residual valency. We shall assume 
that the union is by means of covalent linkages, a point of view 
which has also been adopted by Lowry (Chem. and Ind., 1924, 
43, 218). 

A variety of evidence is available to show that many organic 
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molecular compounds persist in solution. Behrend (Z. physikal. 
Chem., 1894, 15, 183) and Brown (J., 1925, 127, 345) have shown 
that the compounds of picric acid and trinitrotoluene with hydro- 
carbons are only partly dissociated in solution. The relationships 
between the composition of mixtures and their physical properties 
such as freezing point (Kremann and Grasser, Monatsh., 1916, 37, 
761) or viscosity (Bramley, J., 1916, 109, 10, 434, 469) point to the 
occurrence of complexes in the liquid. The compounds CHCl;,Et,O 
and Me,CO,PhOH, the presence of which in the mixed liquids was 
deduced from the vapour-pressure curve (Dolezalek and Schulze, 
Z. physikal. Chem., 1913, 83, 45; Weissenberger, Schuster, and 
others, Monatsh., 1925, 46, 47, 295), have been proved to exist by 
means of freezing-point curves (Smits and Berckmans, Proc. K. 
Akad. Wetensch. Amsterdam, 1919, 21, 401; Schmidlin and Lang, 
Ber., 1910, 43, 2806). 

Considerable importance also attaches to the occurrence of visible 
colour. This has been a valuable indication of the presence of 
compounds in solution (Werner, Ber., 1909, 42, 4324; Pfeiffer, 
Annalen, 1924, 440, 265). Moreover, when two organic substances 
together yield a solid having a colour much deeper than that of the 
components, this (apart from any consideration of the liquid phase) 
is evidence of the formation of a true molecular compound. If 
the union of these molecules depended merely on the more complete 
saturation of their stray fields of residual valency, a decrease rather 
than an increase of colour should result. 

The molecular ratio in which organic substances combine is in 
most cases a simple one (1:1 or 2:1, usually the former). The 
occurrence of any simple stoicheiometric ratio is strong evidence 
against the residual valency theory of union. Yet the formation of 
the equimolecular compound between, for example, trinitrobenzene 
and quinoline (Sudborough and Beard, J., 1910, 97, 773) has been 
regarded as evidence in favour of this indefinite type of attachment 
on the ground that direct union of a molecule of quinoline with one 
nitro-group must lead to a similar reaction with all three such 
groups and the formation of a complex with the molecular ratio 
1:3. But this is not necessarily to be expected according to the 
electronic theory. The formation of a dative bond to one of the 
nitro-groups will introduce a new electrical dipole at the point of 
attachment. Further combination at a second adjacent group (to 
yield a 1 : 2 compound) would now be opposed by a certain extra 
force, since the creation of the new bond must involve the introduc- 
tion of another similar dipole near the first. Thus the second and 
third nitro-groups may remain unattached (although they will 
contribute by their general polar effects to the stability of the 

K2 
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complex formed through the first nitro-group). The case may be 
compared with that of the monomethiodides of diazines and 1 : 4. 
dithian (see Bennett and Hock, J., 1927, 2496). Theseconsiderations 
are of general application and account for a tendency towards 
simplicity of molecular ratios in complexes. Less simple ratios are, 
nevertheless, observed in some cases, and these are theoretically 
possible up to the limit set by the numbers of active groups present 
in the molecules which unite. 

An important group of organic molecular compounds results 
from the union of nitro-compounds on the one hand with various 
amines, aromatic hydrocarbons or their derivatives on the other. 
The most stable and numerous of these are formed from bases : 
moreover the union of the nitro-compound with the base is clearly 
analogous to the combination of acid and base. Kremann has, in 
fact, called amines and hydrocarbons heteropolar with respect 
to nitro-compounds. This implies that the amine is the donor 
molecule, the nitro-compound the acceptor, and the union would 
appear to be through the basic nitrogen atom and the nitro- 
group. 

That the nitro-group itself is involved follows, as Werner showed 
(loc. cit.), from the formation of similar compounds by tetranitro- 
methane. Pfeiffer contends (Annalen, 1916, 412, 253) that the 
amine is attached through the aromatic nucleus, but his arguments 
are not convincing. The direct participation of the basic group in 
the union is, moreover, indicated by the coloration developed by 
polynitro-compounds with alcoholic ammonia (compare, for example, 
Kenner and Parkin, J., 1920, 117, 852) and by the coloured com- 
pound of piperidine with trinitroanisole (Giua, Marcellino, and 
Curti, Gazzetta, 1920, 50, 300), for no point of attachment but the 
basic group is conceivable in the case of ammonia or a saturated 
amine. Certain physical properties of the nitrobenzyldialkylamines, 
to be described presently, also support our view of the union through 
both the nitro-group and the amino-nitrogen. 

The union may be represented as occurring after a preliminary 
activation of the nitro-compound (I), the resulting form (II) uniting 

hd ool 4 

Ar-N@_S —> ar-N(=S —> Ar—-¢EN 

+ \O% + 0% R,N 4 ‘Or 
a ili 


(I.) (II.) ant. ~ 


with a tertiary amine by accepting from it its lone pair of electrons 
to give the complex (III), in which each nitrogen atom carries a 
single positive charge and each oxygen atom a negative one. Thus 





THE STRUCTURE OF ORGANIC MOLECULAR COMPOUNDS. 259 


the structure is to some extent stabilised by the fact that each 
charge has near to it an opposite charge on an adjacent atom. The 
corresponding complex (IV) produced from a secondary or primary 
amine may pass into the second form (V) by the movement of one 


proton. 
yen 


. C,H 
oe Ar—N \ ny DNR 
RNH R,N ‘OH SS 
Iv.) (V.) (VI.) 


Formula (V) is identical with that recently suggested by Brewin and 
Turner for coloured intermediates in reactions between secondary 
amines and nitro-compounds (J., 1928, 336). 

From this point of view it appeared to follow that the o-nitro- 
benzyldialkylamines would show intramolecular co-ordination as in 
(VI), and any corresponding self-co-ordination in the m- and p- 
isomerides would necessarily be inter-molecular. The o-isomeride 
should therefore have a somewhat lower boiling point than the 
others and differences in solubility might also arise (compare Sidg- 
wick and Callow, J., 1924, 125, 527). The three isomeric nitro- 
benzyldiethylamines do in fact show a marked difference of volatility, 
boiling at 175—177° (0-), 206—208° (m-) and 219—221° (p-) under 
42 mm. pressure (Noelting and Kregezy, Bull. Soc. chim., 1916, 19, 
336). We have redetermined and confirmed this difference and 
have also found a similar difference for the three isomeric nitro- 
benzyldimethylamines. The solubility curves of naphthalene in the 
three nitrobenzyldiethylamines and of these three (liquid) nitro- 
amines in trimethylene glycol over a limited range are shown in 
Figs. 1 and 2. In each case the m- and p-isomerides have almost 
identical solubilities and the o-isomeride differs to a small but definite 
extent. 

The similarity in a type of the complexes formed by polynitro- 
compounds with bases and with hydrocarbons justifies the assump- 
tion that the function of the latter is analogous to that of bases. 
The hydrocarbon, like the base, is a donor molecule. This property 
appears to be characteristic of the ethylene group, as may be seen 
from the platinum complexes 

[PtCl,,NH,,C,H,] and [PtCl,,C,H,)K,H,O 
(Jorgensen, Z. anorg. Chem., 1900, 24, 153), in which the molecule of 
ethylene functions as the equivalent of a molecule of ammonia in the 
co-ordination sphere. A single ethylene bond can thus provide one 
covalency, but the considerations advanced above provide an 
adequate explanation of the fact that the three actual or potential 





260 BENNETT AND WILLIS : 


double bonds in the benzene nucleus also, in general, provide only 

one covalency. This is the case in the complex 

a [Ni(CN),,NH,,C,H,] and others of the same type 

R—N (Hofmann and Kiispert, Z. anorg. Chem., 1897, 15, 

ie 203) and it also seems to be the rule with the com- 

H. pounds of trinitrobenzene. With substances con- 

‘H taining several separate aromatic nuclei (not fused 

cf CH together), each tends to attach one molecule of 

Ni trinitrobenzene to itself (Sudborough, J., 1916, 
CH 109, 1341). 

(VIL.) The union of benzene with a nitro-compound 

may be represented as in (VII), one ethylene 

I- + 

bond having reacted in the polarised form —CH—CH—. The 

negative charges on the oxygen atoms may help to stabilise the 

positive charge on the nuclear carbon atom, the structure being 

of the betaine type. This positively charged tervalent carbon 

atom is partly responsible for the deep colour developed, the case 

being similar to that of the triarylmethy]l ion and the metal 

ketyls. 

The well-known fact that nitro-compounds containing several 
nitro-groups, such as trinitrobenzene and trinitrotoluene, yield 
the most stable additive compounds with hydrocarbons and bases is 
to be attributed to the influence of other such groups in assisting 
the one active group to function. Any group which attracts 
electrons (any “ electron sink ”) should be able to contribute to the 
stability of such complexes, so that carbomethoxy- or sulphony] 
chloride groups might be substituted for one or two of the nitro- 
groups of the complex. Complexes of this kind derived from mono- 
nitro-compounds have been hitherto unknown, but we find that, in 
agreement with the considerations advanced above, methy] 5-nitro- 
tsophthalate forms an orange crystalline compound with «-naphthyl- 
amine. Several mononitro- and dinitro-sulphonyl chlorides have, 
moreover, been described in the literature as crystallising with 
(usually one molecular proportion of) benzene, toluene, or xylene 
and must be regarded as instances of the complex formation now 
under discussion—namely, nitrobenzene-3 : 5-disulphonyl chloride 
(Heinzelmann, Annalen, 1877, 188, 164), 4-nitronaphthalene-2 : 6- 
and -2:7-disulphonyl chlorides (Beilstein, ‘‘ Organische Chemie,” 
4th edn, vol. XI, pp. 216, 218), 4: 5-dinitronaphthalene-2 : 7- 
disulphony] chloride (op. cit., p. 218), and 4 : 5-dinitronaphthalene- 
2-sulphony] chloride (op. cit., p. 189). We have subjected the first 
of these to a closer investigation and have obtained pale yellow com- 
pounds of it with toluene and mesitylene and bright yellow compounds 
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with naphthalene and anisole. It also combines with bases of the 
quinoline series. 

The molecular compounds of picric acid with bases or hydro- 
carbons fall into two classes. The picrates of relatively strong 
bases have a characteristic bright yellow colour and are formulated 
by Pfeiffer as (NO,),C,H,-OH ... NC,H,, (op. cit., p. 343). As 
this colour is also shown by quaternary ammonium and trialkyl- 
sulphonium picrates, it must be attributed to the picrate ion, and the 
complexes should be written [BH]+ [C,H,(NO,),°O]-. Complexes 
of the second class are formed by picric acid with weak bases or 
hydrocarbons and usually have a deeper colour. In these the union 
is presumably through one nitro-group of the picric acid in the way 
already discussed, but in the case of bases an electrovalent union is 
conceivable with the picrate ion in an isomeric form, 

0:C,H,(NO,).:NO,-. 

Some such alternative modes of attachment must be involved in the 
‘complex isomerism ”’ of the yellow and red forms of o-bromoaniline 
picrate (Hertel, Annalen, 1927, 451, 179) and in the contrast between 
the bright yellow picrate of 2 : 4-dichloroaniline and the deep red 
compound of s-trichloroaniline and picric acid which we have isolated. 
This is evidently a closely connected, if not an identical phenomenon 
with that of the existence of the red and yellow thallium picrates and 
salts of the nitrophenols. 

The large group of complexes formed by the union of benzoquinone 
or its substituted derivatives with aromatic hydrocarbons, amines, 
and phenols has developed from the study of the smaller group 
known as the quinhydrones. The function of the amines and 
hydrocarbons being necessarily to donate, it follows that the quinone 
is the acceptor-component in these molecular compounds. This is 
in agreement with the fact (Pfeiffer, op. cit., pp. 290 et seg.) that 
introduction of halogen into the nucleus of the quinone enhances its 
power of forming such compounds and the depth of colour of the 
products. The polar effect of the halogen would facilitate the 
acceptance of electrons but would oppose their donation (the 
chloroanilines are weaker bases than aniline). That quinone does 
not readily act as a donor is, moreover, shown by the fact that it 
does not combine with picric acid. In compounds of quinones with 
bases, neither the halogen atoms nor hydrogen attached to nitrogen 
is essential to the existence of a complex, for we have isolated 
coloured compounds of benzoquinone itself with the tertiary amines 
pp'-tetramethyldiaminodiphenylmethane and pp’-tetramethyldi- 
aminodiphenylearbinol. The molecular ratio in these complexes 
(2 of base: 1 of quinone) indicates that only one of the two di- 
methylamino-groups in the molecule of the base is functioning, the 
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case being analogous to that of the polynitro-compounds discussed 
above. 

This property of quinones was attributed by Kurt Meyer (Ber., 
1909, 42, 1149; 1910, 43, 157) to the carbonyl group and particu- 
larly to the oxygen atom of that group. The same view is adopted 
by Pfeiffer. It is, however, impossible to suppose that this oxygen 
atom should accept electrons : the carbonyl group can in fact only 


ao — 
do so if it becomes activated to the form ~>C—O in which free 
positive affinity is developed on the carbon atom. Union with a 


O 
tertiary base should therefore yield the complex >Og + , anda 
NR, 


complex with an aromatic hydrocarbon may be similarly repre- 
sented by a formula analogous to that (VII) of the nitro-compound 
complex. A consideration of the formule for quinhydrones to 
which this conception points is reserved for a future com- 
munication. 

The halochromic properties of the quinones displayed in presence 
of concentrated sulphuric acid are influenced by substituents in 
exactly the opposite sense. The intensity and depth of colour 
produced are decreased by those substituents which increase the 
stability and the depth of colour of the quinone complexes referred 
to above (Pfeiffer, op. cit., p. 286), and conversely with groups of 
opposite general polar character. This contrast is to be expected, 
for the halochromic effects are to be attributed to the molecular 
compounds of the quinone and sulphuric acid formed by donation 
from the ketonic oxygen atom to the hydrogen of the acid which 
becomes doubly co-ordinated : ~>C—O—H—SO,H. The function 

os - 


of the quinone is thus the reverse of that which it performs when 
uniting with an aromatic molecule and the polar influences are 
consequently also in opposite directions. 

The variations in depth of colour of the complexes and also of 
the halochromic effects, not only in the instance just referred to but 
also among substituted aromatic ketones and quinoline bases 
(Pfeiffer, op. cit., pp. 66—85, 191), are throughout in the directions 
to be expected from the nature of the substituent groups if Pfeiffer’s 
conception of the origin of the colour is accepted. The colour is in 
fact connected with the positive unsaturation developed on the 
carbon atom doubly bound in these substances to oxygen or nitrogen, 
as a result of the co-ordination of the oxygen or nitrogen atom with 
the acid present. As an illustration we may refer to the halochromic 
effects, which we now record, of a series of styrylquinoxalines 
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recently prepared (J., 1928, 1960). The coloured complex involved 
i is of the annexed type. The unsubstituted 
eset substance (Ar = Ph) gives a deep reddish- 
SN:C\coH:cHAr Purple colour in sulphuric acid which disap- 
_H—so H pears on dilution. The colour with the 
2 nitrostyryl bases (Ar = C,H,°NO,) is less 
deep, that with methoxystyryl derivatives (Ar = C,H,-OMe) 
deeper than with the parent substance. This bathochromic effect 
of the methoxy-group and the opposed hypsochromic effect of the 
nitro-group are the result of their respective polar effects, which 
favour or hinder, respectively, the essential co-ordination of the 
nitrogen atom with the acid. .Moreover, the observations recorded 
show clearly that these two groups each have an increased effect 
when in the o- or p-position in the phenyl group as compared with 
that exercised in the m-position. This “alternating effect”’ is as 
usual satisfactorily explained by the superposition of the inductive 
and tautomeric electronic effects in the o- and p-positions but not 
in the m-position. 

Finally, reference must be made to the class of organic complexes 
in which the separate molecules are united through a halogen atom. 
These are usually addition compounds of ether or an amine with 
various halogen compounds, particularly chloroform and iodoform. 
Examples of this type are the relatively stable ether-chloroform 
complex CHCl,,Et,0 (Smits and Berckmans, loc. cit.; compare also 
Wyatt, Trans. Faraday Soc., 1929, 25, 48), the quinoline—-iodoform 
compound CHI,,3C,H,N, which has long been known (Rhousso- 
poulos, Ber., 1883, 16, 202), and chloroform or chloral addition 
compounds of bases such as toluquinaldine, berberine, quinine, 
phenylacridine, and colchicine. These compounds must be held 
together by a dative bond from the nitrogen (or oxygen) atom to a 
halogen atom. The latter becomes 2-covalent as happens in a 
variety of other cases, the tendency to do this increasing from 
chlorine to iodine (Sidgwick, ‘“‘ The Electronic Theory of Valency,”’ 
pp. 291—293). The numerous addition compounds of organic 
ammonium, sulphonium, arsonium, and stibonium iodides with 
one molecular proportion of iodoform (Steinkopf and others, Ber., 
1921, 54, 2969; J. pr. Chem., 1925, 109, 230) may be included in 
this class of complex and regarded as analogous to potassium 


tri-iodide, KI,, having the structure [R,M}*(I--CHI,)-. The 


simple complexes of amines with halogen compounds are of con- 
siderable theoretical importance, as there can be little doubt that 
the first step in the union of an amine or sulphide with an alkyl 
halide is the formation of compounds of this kind, which are sub- 
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sequently transformed into the ammonium or sulphonium halide. 
This mechanism of reaction accounts for the fact that alkyl iodides 
react in such cases faster than the chlorides. 


ExPERIMENTAL. 


Preparation and Examination of the Nitrobenzyldiethyl- and 
-dimethyl-amines.—The o-, m-, and p-nitrobenzyldiethylamines were 
prepared by the action of an excess of diethylamine on the respective 
nitrobenzyl chlorides (yield, 70—85%). The products were yellow 
oils (the o-isomeride having a more intense colour than the others), 
which were redistilled twice under comparable conditions in the 
same apparatus. The o-nitrobenzyldiethylamine had b. p. 144°/13 
mm. (picrate, m. p. 117°). The p-isomeride had b. p. 160°/13 mm. 
(picrate, m. p. 131°). The m-isomeride had b. p. 158°/13 mm. and 
gave a picrate of m. p. 151° (Found: N, 16-2. Calc.: N, 16-0%). 
Noelting and Kregezy give this m. p. as 161°. 

The three nitrobenzyldimethylamines were prepared from the 
respective nitrobenzyl chlorides in each case by two methods: 
(a) as described by Goss, Ingold, and Wilson (J., 1926, 2458), 
hexamethylenetetramine being used (yield, 50—60%), and (b) by 
means of dimethylamine hydrochloride and alkali in alcoholic 
solution as for the diethyl bases (yield; 60%). The substances 
obtained by the two methods were identical. They were yellow 
oils (the o-isomeride having a more intense colour than the others), 
and were redistilled twice under comparable conditions in the 
same apparatus. o-Nitrobenzyldimethylamine (Found: N, 16-1. 
C,H,,0,N, requires N, 15-6%) yielded a hydrochloride, colourless 
crystals, m. p. 215°, readily soluble in water (Found: Cl, 16-4. 
C,H,,0,N,,HCl requires Cl, 16-4%), and a picrate, readily soluble in 
boiling ethyl alcohol, from which it crystallised in small yellow 
plates, m. p. 143° (Found :N,17-4. C,;H,,0,N, requires N, 17-1%). 
The m-isomeride yielded a picrate, bright yellow, microscopic 
crystals, m. p.217°, sparingly soluble in boiling ethyl alcohol (Found: 
N, 17-5%). The p-isomeride gave a picrate crystallising in bright 
yellow prisms, m. p. 149°, sparingly soluble in hot ethyl alcohol 
(Found: N, 17-4%). 

These six substances were also examined by the method of Smith 
and Menzies (J. Amer. Chem. Soc., 1910, 32, 1412) in order to 
obtain a more accurate comparison of their vapour pressures or 
boiling points. Unfortunately, however, the compounds showed 
signs of slow decomposition at the temperatures used, so these 
observations are less precise than was desired. They serve, how- 
ever, to confirm the definite difference in boiling point. The figures 
are in the following table : 





Temperature. 
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Nitrobenzyldimethylamines : 


B. p. observed in as by Smith and 
distillation. enzies’ method. 


133°/16 mm. 116—117°/11 mm. 
144°/16 mm. 130—132°/10 mm. 
146°/16 mm. 131—133°/10 mm. 


Nitrobenzyldiethylamines : 


144°/13 mm. 124—127°/10 mm. 
158°/13 mm. 139—142°/10 mm. 
160°/13 mm. 146—148°/10 mm. 


Measurements of Solubility with the Nitrobenzyldiethylamines.— 
The method used for the determination of the solubility of naphth- 
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Naphthalene, mols. %. Witroamine, mols. %. 


Solubilities of naphthalene in isomeric Solubilities of isomeric (liquid) nitrobenzyl- 
nitrobenzyldiethylamines. diethylamines in trimethylene glycol. 





alene was that of Ward (J. Physical Chem., 1926, 30, 1316). The 
naphthalene was carefully purified, and melted at 80-05—80-07°. 
The thermometer was graduated in 0-1° and had been recently 
standardised. The results are given in Table I and plotted in 
Fig. 1. 

The determinations of solubility of the amines in trimethylene 
glycol were of necessity less precise. The critical solution temper- 
atures of the mixtures could not be determined with greater accuracy 
than 0-5—1°. The range of observations was limited by the small 
solubility of the amine in the glycol and by the fact that signs of 
decomposition appeared when the mixtures were heated for long 
above 100°. The glycol was repeatedly fractionated, and distilled 
constantly at 214° (uncorr.). The observations are given in Table IT 


and plotted in Fig. 2. 
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Taste I, 
Solubilities of Naphthalene in Isomeric Nitrobenzyldiethylamines. 


p-Isomeride : 
Naphthalene, mols. % ... 24:97 33-58 43-56 52-29 
Temperature 7-7° 20°5° 33-9° 43-5° 
m-Isomeride : 
Naphthalene, mols. % ... 27°32 37:19 46-85 
Temperature 11:3° 25-7° 37-5° 
o-Isomeride : 
Naphthalene, mols. % ... 23°54 27-97 31:86 36-23 42-76 50-13 
Temperature , 149° 20°1° 26:5° 33:9° 42:3° 


TABLE II. 
Solubilities of Isomeric Nitrobenzyldiethylamines in Trimethylene 
Glycol. 


p-Isomeride: Nitroamine, mols. % 32 2-55 2-80 
Temperature 5° 71° 78° 

m-Isomeride: Nitroamine, mols. % . 3°30 
Temperature . 90° 

o-Isomeride: Nitroamine, mols. % “f 2-68 2-96 
Temperature 86° 94-5° 


Addition Compound of Methyl 5-Nitroisophthalate.—The colourless 
ester is dissolved in a warm solution of «-naphthylamine in light 
petroleum, saturated in the cold; the molecular compound, 


C,H,(NO,)(CO,Me),,C,,H,"NH,, separates, on cooling, in orange 
crystals, m. p. 82° (Found: N,7-6. C,,H,,0,N, requires N, 7-3%). 

Addition Compounds of 5-Nitrobenzene-1 : 3-disulphonyl Chloride. 
—The required nitrodisulphonic acid was obtained by heating 
benzene with oleum (60% SO,; 2 mols.) at 210—230° for 4 hours, 
cooling, adding an excess (50—100 c.c.) of fuming nitric acid, and 
boiling under reflux for 8 hours. The crystalline acid deposited 
from the cold solution (yield, 50%) was converted, by warming with 
an excess of phosphorus pentachloride, into the disulphony] chloride. 

The nitrobenzenedisulphonyl chloride is obtained in almost 
colourless crystals, m. p. 97—-98°, from carbon tetrachloride (Found : 
Cl, 21-85. Cale.: Cl, 22-2%). The large yellow crystals from 
toluene are a compound with one molecule of the latter (Found: 
Cl, 17-7. Cale.: Cl, 17-°3%). These crystals effloresce rapidly on 
keeping. From mesitylene, lemon-yellow prisms, m. p. 68—70°, of 
a compound with one molecular proportion of the hydrocarbon are 
obtained (Found: Cl, 16-4. C,,H,,;0,NCI,S, requires Cl, 16-19%). 
They effloresce on keeping. From anisole there are deposited bright 
yellow prisms of the compound (mol. ratio 1:1) which melts in- 
definitely at 55—60° (Found: Cl, 16-3. C,,;H,,0,NC1,S, requires 
Cl, 16-6°%). The crystals become opaque on keeping. The com- 
pound with naphthalene (mol, ratio 1:1) is obtained in tufts of 





THE STRUCTURE OF ORGANIC MOLECULAR COMPOUNDS. 267 


bright yellow needles, m. p. 102—103°, by crystallising the com- 
ponents together from carbon tetrachloride (Found: Cl, 15-7. 
C,gH,,0,NCL,S, requires Cl, 15-8%). 

The acid chloride dissolves with considerable evolution of heat in 
pure dry quinoline to form dark-coloured viscous solutions. A 
similar behaviour is shown with other tertiary bases, but no 
analytically pure compound has yet been separated. 

Addition Compounds of Benzoquinone with Two Bases.—Absolute 
ethyl alcohol, saturated with benzoquinone and pp’-tetramethyl- 
diaminodiphenylearbinol at laboratory temperature and filtered, 
deposited, on keeping, a compound, C,H,0,,2C,,H,.0Ng, in large, 
intensely dark green prisms, m. p. 169—170° (Found: N, 8-7. 
CpHygO,N, requires N, 8-6%). 

Xylene, saturated with benzoquinone and pp’-tetramethyl- 
diaminodiphenylmethane, yielded in similar manner, after 1 week, a 
compound, C,H,0,,2C,,H,.N,, in pale purple prisms, m. p. 71° 
(Found: N, 9-0. Cy H,,0,N, requires N, 9-1%). 

Picrate of s-Trichloroaniline.—This substance was obtained from 
its components in ethyl alcohol or benzene-light petroleum solution 
and crystallised in long, deep red needles, m. p. 80—83° (Found : 
picric acid, 53-4. Mol. ratio 1 : 1 requires picric acid, 53-8%). 

Preparation of 3-Styryl-2-methylquinoxaline.—Although attempts 
to isolate this substance had previously been unsuccessful (Bennett 
and Willis, J., 1928, 1968), we subsequently obtained it int good yield 
as follows: 2 :3-Dimethylquinoxaline is heated, with seven times 
its weight of a mixture of equal volumes of benzaldehyde and benzyl 
alcohol or nitrobenzene, at 180° for $ hour. The chief product is 
3-styryl-2-methylquinoxaline, which is isolated by removing other 
substances in a current of steam. It crystallises in clusters of pale 
yellow bipyramids, m. p. 137° (Found: N,11-7. C,,H,,N, requires 
N, 11-3%). It dissolves in concentrated sulphuric acid with an 
intense reddish-purple colour, which fades to an orange-yellow on 
dilution with water. 

Comparative Colorations of Styrylquinoxalines with Sulphuric Acid. 
—The method used by Stobbe and Haertel (Annalen, 1909, 370, 99) 
in observing the halochromic effects of ketones was adopted, except 
that a greater dilution of the substance was necessary owing to 
the greater intensity of the colours developed with these styryl- 
quinoxalines. Actually, 0-5 c.c. of concentrated sulphuric acid 
was added to a solution of 0-00002 mol. of the quinoxaline derivative 
in methyl acetate (5 c.c.). The colour produced is recorded in 
column 3 of Table III, and the figures in column 4 are the compar- 
ative volumes of water required to discharge this colour to a per- 
manent pale yellow or orange tint. 
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TABLE ITI. 


Colour in 
Base. 
Styrylmethyl-quinoxaline 
Distyryl- 


Dilgenitrostyeyl). 
Di(m-nitrostyry])- 
Di(o-nitrostyryl)- 
m-Nitrostyrylmethyl- 
2 : 4-Dinitrostyrylmethyl-......... 
2:4: 6-Trinitrostyrylmethyl- ... 
Di(0-iodostyryl)- ......esseecseeseeees 
Di(o-chlorostyryl)- .........0.sssee0s 
Di(m-chlorostyry1)- 
Di(p-chlorostyryl)- ............0es008 
o-Methoxystyrylmethyl- 
m-Methoxystyrylmethyl- ......... 
* -Methoxystyrylmethyl- 
i(p-methoxystyry])- 
Di(3 : é-dimtdtlicngaleyi)- 
Methylenedioxystyrylmethyl- ... 
oy ee la Me 
Di(B-furylvinyl)- ..........seceeeeeees 
2:3- Distyrylt 6-methyl- 
Di(m-nitrostyryl)-6-methyl- ...... 


Yellow-orange 
Yellow 
Reddish-purple 
Reddish-purple 
Reddish-purple 
Reddish-violet 
Magenta 
Orange-red 


Colour with 
H,SO, in 
methyl acetate 

Orange-red 
Brownish-orange 
Orange 
Lemon-yellow 
Yellow 


Orange 
Reddish-orange 


Orange-red 
Rose-red 
Orange-red 
Intense violet 


Purple-blue 
Purple-blue 
Mul 


“ec Bas. 
icity.” 


5 | 
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So i 
Poa3 


11 


Di(2 : ere fg 6-methyl- 

2-(p-Methoxystyryl)-3 : 6-di- 
methyl- 

Di(methylenedioxystyryl)-6- 
methyl- 

O-Nitrostyryl- ....c.ssecesseees eegecse 

m-Nitrostyryl- 

P-Nitrostyryl- ...j.....csccceceeceees 

2 : 4-Dinitrostyryle ..0........c0e000e 


Prussian-blue 
Orange-red 
Scarlet 
Orange-red 
Orange-yellow 


We are indebted to Miss V. M. Thorn and Mr. F. 8. Statham for 
carrying out some of the analyses recorded in this paper, and to 
the Chemical Society for assistance in the purchase of materials. 
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XLI.—Some Derivatives of the Aliphatic Glycols. 
By GrorecE MacpoNaLD BENNETT and FREDERICK HEATHCOAT. 


Tue halohydrins of the glycols and their acyl derivatives and ethers 
of the types AcO-[CH,],,"X, RO-[CH,],X, and ArO-[CH,],X (where 
X is a halogen atom) are important synthetic reagents. In the 
course of the preparation of y-, 3-, and e-substituted chloro-sulphides 
we have made use of several new compounds of this class, the 
preparation and properties of which we now describe. 

The chlorohydrins of ethylene and trimethylene glycols are most 
conveniently prepared by the action of sulphur monochloride on 
the glycol as originally recommended for the former by Carius 
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(Annalen, 1862, 124, 257). We have extended this reaction to 
tetra- and penta-methylene glycols and have obtained their chloro- 
hydrins, but only in poor yields and in an impure state, as they 
decompose when redistilled under diminished pressure with liber- 
ation of hydrogen chloride and presumably of the corresponding 
polymethylene oxide. The a-naphthylurethanes of 8-chlorobutyl and 
e-chloroamyl alcohols were, however, isolated. 

The only substances of the type AcO-[CH,],X, where n = 4 or 5, 
hitherto known were the 8-bromobutyl and <-bromoamy]l benzoates 
(von Braun, Ber., 1913, 46, 1782). The conversion of trimethylene 
glycol into y-chloropropyl acetate by means of acetyl chloride at 
100° was recently described by Bogert and Slocum (J. Amer. Chem. 
Soc., 1924, 46, 763). By applying this reaction to the two higher 
glycols we have obtained 8-chlorobutyl and ¢-chloroamyl acetates in 
quantity. These substances have proved suitable for the syntheses 
we had in view and by their means we have isolated phenyl and 
ethyl 8-hydroxybutyl sulphides and phenyl and methyl <-hydroxyamyl 
sulphides. The chloro-sulphides derived from these hydroxy- 
sulphides are under investigation and will be described in a subse- 
quent communication. 

For certain purposes the ethers of the halohydrins are of par- 
ticular value: for example, phenyl 8-bromoethyl ether (Bentley, 
Haworth, and Perkin, J., 1896, 69, 169; Mills and Bains, J., 1925, 
127, 2503), benzyl chloroethyl ether, and methyl iodoethyl ether 
(Bennett, J., 1925, 127, 1277). A convenient method of prepar- 
ation of methyl @-chloroethyl ether, which we now record, is there- 
fore of interest. On the other hand, we have been unable to confirm 
the experiments of Foran (J. Soc. Chem. Ind., 1925, 44, 173) on the 
preparation of bromodiethyl ether. 

Several ethers of this general type, derived from the higher 
glycols, are known, the most accessible and useful being phenyl 
$-bromobuty] ether (von Braun, loc. cit.) and benzyl y-chloropropyl 
and 8-chlorobutyl ethers (J., 1927, 472). 

We have taken the opportunity of completing the series of 
bisphenylurethanes and bis-«-naphthylurethanes of the glycols up 
to pentamethylene glycol and of the «-naphthylurethanes of the 
corresponding chlorohydrins (compare Bickel and French, J. Amer. 
Chem. Soc., 1926, 48, 747). The melting points are tabulated 
below : 

Tri- Tetra- Penta- 
Glycol. Ethylene. methylene. methylene. methylene. 


Bisnaphthylurethane 176° 164° 198° 147° 
Bisphenylurethane ... 157-5 137°5 180 174 
a of 

chlorohydrin 76 66 72 
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It may be noted that an alternation of higher and lower melting 
points occurs in the bisurethanes in which the lengthening chain is 
terminated by large polar groups, whereas the melting points fal] 
with little or no alternation if the large highly polar group is at 
one end only. This appears to be a general phenomenon: e¢.g., 
the dibenzoates of the glycols show an alternation of melting 
point, whereas the p-nitrobenzoates or the p-nitrobenzyl phthalates 
(Reid, J. Amer. Chem. Soc., 1917, 39, 1249) of the simple alcohols 
show a continuous fall of melting point. 


EXPERIMENTAL. 


Methyl 8-Chloroethyl Ether—Glycol monomethyl ether (57 g.), 
dissolved in dimethylaniline (109 g.), was cooled while thiony! 
chloride (98 g.) was added slowly through an upright condenser. 
The mixture was left over-night, dilute hydrochloric acid added, and 
the product extracted with ether. The ethereal solution was dried 
and distilled. The chloro-ether (28 g.) boiled at 90-5°/747 mm. and 
had d%: 1-056 and d? 1-031. The substance dissolves in water to 
the extent of 8% by weight at laboratory temperature. 

Attempt to repeat Foran’s Preparation of Bromodiethyl’ Ether. — 
The account given (Foran, loc. cit.) of the action of sodium ethoxide 
on ethylene dibromide was unconvincing, because it was hardly to 
be expected that the product of b. p. 128° would be separated 
sufficiently by distillation from ethylene dibromide (b. p. 131°) and 
diethoxyethane (b. p. 123-5°), both of which must be present. No 
evidence of any kind as to the homogeneity of the product was 
recorded, nor was any analysis reported. We therefore tried to 
repeat this experiment, but could not isolate any appreciable 
amount of the fraction in question. In the original, 18 g. of sodium 
are described as being dissolved in 45 c.c. of absolute alcohol. As 
this was found to be impossible, the latter figure is probably a 
misprint. We used either 180 c.c. or 450 c.c. of alcohol. The 
chief product of the reaction appears to be vinyl bromide, which 
escapes. Finally we abandoned the attempt to obtain enough of 
the liquid to test its homogeneity. 

Ethylene and Trimethylene Chlorohydrins.—The liquid obtained by 
Carius’s method (loc. cit.) is filtered from the sulphur and subjected 
at once to fractional distillation. The addition of pieces of marble 
on redistillation is advantageous. This reaction with trimethylene 
glycol was first mentioned by Derick and Bissell (J. Amer. Chem. 
Soc., 1916, 38, 2478) and is recommended by Gough and King 
(J., 1928, 2439). It renders trimethylene chlorobromide a readily 
accessible substance (compare Conant, Segur, and Kirner, J. Amer. 
Chem. Soc., 1924, 46, 1882). 
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By the action of 3: 5-dinitrobenzoyl chloride on trimethylene 
chlorohydrin we obtained y-chloropropyl 3 : 5-dinitrobenzoate, which 
formed colourless plates, m. p. 77°, from light petroleum (Found : 
N, 10:0; Cl, 12-1. C, 9H,O,N,Cl requires N, 9-7; Cl, 12-3%). 

y-Chloropropyl Acetate——Trimethylene glycol (37 g.) and acetic 
anhydride (1 mol.) were heated for a few minutes on the steam-bath, 
the acetic acid was distilled off under diminished pressure, and 
sulphur chloride (1 mol.) added. After the mixture had been 
heated at 100° for 4 hours, it was fractionated; the liquid of b. p. 
66°/14 mm. was pure 8-chloropropyl acetate (yield, 68%) (Found : 
Cl, 26-3. Cale.: Cl, 26-5%). 

y-Hydroxydipropyl Sulphide.—Propy] mercaptan (1 mol.), y-chloro- 
propyl acetate (1 mol.), and sodium hydroxide (1 mol. in aqueous 
alcohol) were heated under reflux for 1 hour. An excess of alkali 
was then added and the mixture boiled to hydrolyse the ester. 
The solvent was distilled in steam, the product removed in ether, 
and the aqueous liquor further extracted twice with this solvent. 
The extracts were dried over sodium sulphate and distilled. y-Hydr- 
oxydipropyl sulphide was obtained as an oil of characteristic, 
unpleasant odour, b. p. 112°/16 mm. (yield, 54%) (Found : S, 23-6. 
CgH,,08 requires 8S, 23-9%). The liquid, which is sparingly soluble 
in water, had d? (vac.) 0-9794, n®” 1-47789, whence [R,], = 38-91 
(cale., 39-21). It was converted by phenylcarbimide into the 
phenylurethane, C,H,°S*C;H,°O-CO-NHPh, which formed colourless 
microscopic plates, m. p. 36° (Found : N, 5-8. C,3H,,0,NS requires 
N, 55%). §$-Hydroxyethyl butyl sulphide (Whitner and Reid, 
J. Amer. Chem. Soc., 1921, 43, 636) yields the isomeric phenyl- 
urethane, C,Hy’S*C,H,-O-CO-NHPh, which forms colourless plates, 
m. p. 44°5°, from light petroleum (Found : N, 5-9%). 

Tetramethylene Glycol._—The glycol was prepared from the mixture 
of the dibromide with benzonitrile obtained by von Braun and 
Lemke’s method (Ber., 1922, 55, 3526). This mixture (a quantity 
found by density measurements to contain 100 g. of the dibromide) 
was heated under reflux for 4—5 hours with potassium acetate 
(100 g.) and glacial acetic acid (33 g.) and then distilled under 
diminished pressure. Benzonitrile was removed from the product 
by fractional distillation at atmospheric pressure with a good 
column, the portion boiling above 210° being practically pure 
tetramethylene diacetate. This ester (100 g.) was heated at 160— 
170° for 3 hours with calcium hydroxide (36 g. of calcium oxide 
with 25 g. of water), the pressure reduced, and the product distilled 
off. The liquid was subjected to the same process with half the 
amount of lime and after a final redistillation the pure glycol was 
obtained, b. p. 127°/20 mm.., which solidified on standing (yield, 61%). 
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The bis-x-naphthylurethane of this glycol was crystallised twice 
from n-butyl alcohol, from which it separated in colourless needles 
with a straight extinction, m. p. 198° (Found: N, 6-4. C,gH,,0,N, 
requires N, 6-5%). 

The Action of Sulphur Monochloride on Tetramethylene Glycol.— 
The glycol (30 g.) and sulphur chloride (38 g.; 0-85 mol.) were 
warmed together on the steam-bath for 6 hours and then at 150° 
in an oil-bath for 3 hours. The sulphur having been removed by 
filtration, the liquid and the acetone washings of the sulphur were 
distilled. A fraction boiling at 86°/15 mm. (yield, 15 g.) consisted 
of crude 8-chlorobutyl alcohol, but when this was redistilled (under 
reduced pressure) it disappeared, much hydrogen chloride being 
produced. From the crude liquid the «-naphthylurethane of 8-chloro- 
butyl alcohol was isolated by heating it with «-naphthylcarbimide 
for 1 hour at 100°. It crystallised from light petroleum in minute 
colourless plates, m. p. 66° (Found: Cl, 12-9. C,;H,,0,NCIl 
requires Cl, 12-8%). 

8-Chlorobutyl Acetate—A stout-walled tube, containing tetra- 
methylene glycol (10—15 g.) and an inner tube containing acetyl 
chloride (1 mol.), was sealed and heated in a boiling water-bath 
for 8 hours. The cold product was rinsed out with acetone and, 
after two distillations, pure 5-chlorobutyl acetate was obtained as a 
colourless liquid of pleasant odour, b. p. 87°/17 mm., 98°/32 mm. 
(yield, 88%) (Found : Cl, 23-5. C,H,,0,Cl requires Cl, 23-55%). 

This substance is also obtainable by heating the glycol with 
sulphur chloride and acetylating the product. The following 
physical constants were observed: dj: (vac.) 1-1024, d?" (vac.) 
1-0803; ni 1-43811, nz” 1-44369, ni?” 1-45130; whence [R,]. = 
36-6 (calc., 36-2), [R,]g = 37-00 (calc., 36-78), and [R,], = 37-55 
(cale., 37-10). 

Condensation of Ethyl and Phenyl Mercaptans with 8-Chlorobutyl 
Acetate-—Chlorobutyl acetate (15 g. in 20 c.c. of methyl alcohol) 
was added to a solution of ethyl mercaptan (6-5 g.) and potassium 
hydroxide (6 g. in 6 c.c. of water and 10 ¢c.c. of methyl alcohol), 
and the mixture boiled under reflux for } hour. Potassium hydr- 
oxide (10 g. in aqueous alcohol) was added, and boiling ‘continued 
for $ hour to hydrolyse the ester. The liquid was then acidified 
with acetic acid, and the alcohol evaporated. The upper layer of 
oil was removed, and the aqueous phase twice extracted with ether. 
The solution was dried over sodium sulphate and distilled in a 
vacuum. Ethyl 3-hydroxybutyl sulphide was obtained as a colourless 
oil of characteristic, unpleasant odour, b. p. 120°/19 mm. (yield, 
71%) (Found: 8, 23-7. C,H,,OS requires S, 23-9%). The liquid 
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had di" (vac.) 0-9794, n®* 1-48118, whence [R,]. = 39-00 (calc., 
39-21). 

The phenylurethane, EtS:-[CH,],,0‘CO-NHPh, forms colourless 
microscopic plates, m. p. 37° (Found: N, 5-9. C,3H,0,NS requires 
N, 55%). 

Chlorobutyl acetate (10 g.) was added to a solution of thiophenol 
(7-3 g.) in alcoholic potassium hydroxide (3-8 g. in aqueous methyl 
alcohol) and the mixture was boiled for 4 hour and then for a 
further equal period after the addition of more alkali (7-6 g. of 
potassium hydroxide). The whole was finally acidified with acetic 
acid, and the alcohol distilled off. A little water was added to 
dissolve salts which had separated, the upper layer was removed, 
and the solution twice extracted with ether. The ethereal solution 
was washed with water, dried over sodium sulphate, and evaporated. 
The residue, after being heated at 100° in a stream of air at 20 mm., 
solidified. This phenyl 8-hydroxybutyl sulphide crystallised from 
light petroleum in colourless needles, m. p. 24° (yield, 96%) (Found : 
8, 17-4. Cj 9H,,OS requires 8, 17-6%). It was insoluble in water, 
but readily soluble in most organic solvents. Phenylcarbimide 
readily converted it into the phenylurethane, PhS-[CH,],-O-CO-NHPh, 
which formed colourless plates, m. p. 68-5°, from light petroleum 
(Found: N, 4-9. C,,H,,0,NS requires N, 4:65%). 

Pentamethylene Glycol_—The mixture of pentamethylene dibromide 
and benzonitrile obtained by the action of phosphorus penta- 
bromide on benzoylpiperidine (yield, 50%) was converted through 
the diacetate into the glycol by the method given for its lower 
homologue above (yield, 90%). 

The glycol readily reacted with phenyl-and «-naphthyl-carbimides. 
The bisphenylurethane, NHPh-CO-O-[CH,],-O-CO-NHPh, crystallised 
thrice from ethyl alcohol, formed minute colourless needles, m. p. 
174° (Found: N, 8-5. C,,H,.0,N, requires N, 8-2%). The bis- 
«-naphthylurethane was obtained in colourless microscopic plates, 
m. p. 147° (Found: N, 6-5. C,,H,,0,N, requires N, 63%). 

The Action of Sulphur Chioride on Pentamethylene Glycol.—The 
glycol (30 g.) was heated, as in the case of the lower homologue, 
with Sulphur chloride (35 g.; 0-9 mol.). A fraction of b. p. 114°/16 
mm. was separated and redistilled (12-5 g.) (Found: Cl, 36-1. 
C;H,,OCI requires Cl, 28-99%). This liquid was free from hydrogen 
chloride but evidently contained pentamethylene dichloride. From 
it was isolated the «-naphthylurethane of e¢-chloroamyl alcohol, 
C,»H,"NH-CO-O-[CH,],Cl, in colourless needles, m. p. 72° (Found : 
Cl, 12-2. C,gH,,0,NCl requires Cl, 12-15%). 

e-Chloroamyl Acetate-—The reaction between pentamethylene 
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glycol and acetyl chloride was carried out as with the lower homo- 
logue. The product differed in that it contained a large amount 
of free hydrogen chloride. After two distillations the fraction of 
b. p. 104°/20 mm. was separated and redistilled, finally with a little 
acetic anhydride to acetylate any chlorohydrin present. ¢-Chloro- 
amyl acetate was isolated as a colourless liquid of pleasant odour, 
b. p. 103°/18 mm. (yield, 41%) (Found: Cl, 21-8. C,H,,0,Cl 
requires Cl, 21-6%). The substance has d? (vac.) 1-0648, n” 
1-43791, whence [R,]. = 40-56 (calc., 40-79). 

Condensation of Methyl and Phenyl Mercaptans with e-Chloroamyl 
Acetate-—Methyl mercaptan, prepared as described by Arndt (Ber., 
1921, 54, 2236), was passed into methyl alcohol cooled in a good 
freezing mixture. To this solution, potassium hydroxide (4:2 g. 
in 5 c.c. of water and 20 c.c. of methyl alcohol) and chloroamyl 
acetate (12-3 g.) were added and the mixture was boiled for } hour. 
An excess of alkali was added, and the boiling repeated to hydrolyse 
the ester. The product was isolated as described for the isomeric 
ethyl hydroxybutyl sulphide. Methyl e-hydroxyamyl sulphide was 
obtained as a colourless oil of unpleasant odour, b. p. 121°/16 mm. 
(Found: S, 23-75. C,H,,OS requires S, 23-9%) (yield, 56%). 
The liquid has d" (vac.) 0-9846, n®” 1-488185, whenve [R;]. = 39-44 
(cale., 39-21), and is converted by phenylcearbimide at 100° into the 
phenylurethane, MeS-[CH,];-O-CO-NHPh, which forms colourless 
microscopic plates, m. p. 43:5° (Found: N, 5:9. C,,3H,,0,NS 
requires N, 5-5%%). 

The condensation with thiophenol was carried out as with the 
lower homologue. Phenyl <-hydroxyamyl sulphide, PhS:[CH,];-OH, 
was obtained in flat colourless needles, m. p. 31-5°, from light petrol- 
eum (Found: 8, 16:3. C,,H,,OS requires 8, 163%). It is almost 
insoluble in water, soluble in most organic solvents. The phenyl- 
urethane, PhS-[CH,],-O-CO-NHPh, crystallises from light petroleum 
in colourless plates, m. p. 59° (Found: N, 4-7. C,,.H,,O,NS requires 
N, 4:45%). 


We are indebted to the Department of Scientific and Industrial 
Research for a grant which has enabled one of us to take p&rt in 
this work, and to the Chemical Society for assistance in the purchase 
of materials. 


THE UNIVERSITY, SHEFFIELD. [Received, December 6th, 1928.] 
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XLIT.—The Vapour Density and Pressure of 
Ammonium Iodide. 


By Ronatp H. Purcett and WiLHELMUS DE LANGE. 


THE first determinations of the vapour density of ammonium iodide 
vapour were carried out by Deville and Troost (Compt. rend., 1859, 
49, 255; 1863, 56, 891), who found that the unsaturated vapour was 
96% dissociated at 440° and 80% at 860°. No further values were 
available until Smith and Lombard (J. Amer. Chem. Soc., 1915, 37, 
2055) determined the density of the saturated vapour between 300° 
and 380°. Their figures indicate that there is only slight dissociation 
above 340°, and that there is actually association below this temper- 
ature. Similar work for ammonium chloride and bromide has been 
shown to be inaccurate (Braune and Knoke, Z. physikal. Chem., 
1928, 135, 49; Smits and Purcell, J., 1928, 2936; Smits and de 
Lange, tbid., p. 2944), and since trustworthy values were required in 
connexion with the work on intensive drying it was thought necessary 
to redetermine the vapour densities. 

The vapour pressure of ammonium iodide has been determined by 
Johnson (Z. physikal. Chem., 1908, 65, 36) and by Smith and 
Calvert (J. Amer. Chem. Soc., 1914, 36, 1363). The differences in 
the values they recorded were considerable, amounting to more than 
12 em. at the higher temperatures. Smith and Calvert attributed 
this to the use of a sealed apparatus by Johnson, which, they 
maintained, would cause the further dissociation, 2HI = H, + I,, 
to affect his measurements. Johnson had, however, shown that 
the rate of formation of iodine was small compared with his rate of 
working. The results described subsequently agree very well with 
those of Smith and Calvert, but were obtained in a sealed apparatus. 
Consequently, it is more probable that the difference was due to 
some impurity in the sample of salt used by Johnson. 

The experimental method used in this research was identical with 
the second one used by Smits and his co-workers (locc. cit.) for 
ammonium bromide and chloride. The ammonium iodide used was 
a sample of the purest salt supplied by E. de Hien. It was further 
purified by sublimation in high vacuum. If the salt was heated to 
200° in an electric furnace and was thoroughly dry, there was 
hardly any decomposition, as was shown by the fact that only a 
trace of iodine collected in the liquid-air trap. The product was 
powdered and stored over solid potash. 

Preliminary experiments, carried out with an excess of salt, 
showed that the rate of decomposition of hydrogen iodide was 
negligible if the apparatus had been carefully cleaned and the water 
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removed from the glass walls, prior to filling, by heating to dull 
redness in a stream of dry oxygen. Consequently, this precaution 
was alwaystaken. The salt was weighed in through a side tube ina 
-counter-stream of dry gas, and the tube melted off, the apparatus 
re-evacuated, and finally sealed off from the pumps (for details, see 
Smits and Purcell, loc. cit.). 

The vapour pressure was first determined in an apparatus of 
approximately 30 c.c. capacity containing an excess of ammonium 
iodide. The results of these measurements are given in Table I and 

plotted in Fig. 1, and 
Fie. 1. they are seen to be in 
| ‘fo good agreement with 








| those of Smith and 
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e Johnson. \ Smithand Calvert. and those of Smith and 

© Present authors. Calvert at lower temper- 

' atures cannot be ascribed 

to this cause. The log p-1/T7' curve is shown in Fig. 2. It will be 

seen that the points lie on a straight line, indicating that the 
molecular complexity does not change with temperature. 

In the tables, the pressure p is given in cm. of mercury, t is the 

temperature (in °C.), and 7’ the absolute temperature. 


t. . t. ° t. 
299-1° . 376-8° . 402-5° 
310-3 382-6 395-8 
339-2 P 386-4 386-4 
348-5 , 399-1 P 381-6 
357-9 395-8 , 362-6 
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A series of determinations of the vapour density of the saturated 
vapour between 340° and 400° was then carried out. The results of 
these experiments are given in Tables II—VI. The volume, JV, of 
the apparatus and the weight, W, of the ammonium iodide introduced 
are also recorded. The volume was obtained by weighing the 
apparatus dry and also when full of water, and is correct to 0-1 c.c. 


TABLE II. 


t log p. 


323-1° 
325-7 
332-1 


0-919 
0-982 
1-033 


1/T . 10°. ; t 


1678 1 
1670 1 
1653 1 


351-4° 
347-8 
342-0 


log p. 


1-143 
1-140 
1-137 


1/T . 10°. 
1602 
1611 
1626 


347°8 
356-2 


1-143 1611 13-4 337-6 
1-152 1589 10-4 328-9 


(V = 314-7 c.c.; W = 0-0809 g.) 


TaB_LeE III. 

1/7.10%. ~—_ pp. t. 
1-075 1646 26-1 375-9° 
1-241 1610 25-6 366-4 
1-384 1581 25-6 364-9 
1-425 1519 25°5 363-1 
1-433 1499 21-7 355°9 
1-436 1480 14-7 342-0 

(V = 310-0 c.c.; W = 0-1467 g.) 


TaBLe IV. 

1/T.10%. ~—_p. t. 
1576 41-5 408-8° 
1561 40-9 399-6 
1519 39-8 380-2 

1-609 1495 37°7 376-6 

1-614 1473 18-3 348-9 

(V = 579-7 ¢c.c.; W = 0-4083 g.) 


1638 
1661 


1-127 
1-017 


log p. 


log p. 
1-400 
1-480 
1-600 


TABLE V. 
1/7.10% sp. t. 
1464 61-8  397-0° 


1-830 1444 55-6 392-2 
1-814 1487 


(V = 3147 c.c.; W = 0°3575 g.) 


TABLE VI. 

1/7.10%. =p. t. 
1492 88-7 436-1° 
1471 89-2 440-0 

415-9 1-931 1452 84-1 410-1 
426-5 1-940 1430 
(V = 314-0 c.c.; W = 0-4495 g.) 
When the above values of log p and 1/7’ are plotted, a straight line 
is obtained for the points corresponding to saturated vapour which 
is cut by five other lines which correspond to the unsaturated vapour 
in the various experiments. From the points of intersection, the 


log p. 
1-823 


log p. 
1-948 
1-950 
1-925 


t. log p. 
397-2° 1-810 
406-8 1-901 
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temperature and pressure of the just-saturated vapour can be found 
accurately, and from these the vapour density is calculated from the 
formula 

Vapour density = 4M = } x 22,400 x 76WT7'/273Vp. 

The values calculated from this formula are : 
Experiment II —_ “a VI 
Vapour density 36:1 36:4 36:2 36:5 36-1. Mean, 36-26. 
Cale. for NH, + HI, 36-24. 

The divergence of the results from the theoretical value required 

for complete dissociation is very small and within the limits of 

experimental error. It 

Fre. 2. may consequently be con- 

ot cluded that up to 400° 

pom \ the vapour of ammonium 

1°95 ' iodide is always com- 
pletely dissociated. 

It is of interest to note 
that no tendency was 
observed for the ammon- 
ium iodide to be adsorbed 
on the glass walls, as was 
the case with ammonium 
bromide. Near the point 
where the vapour becomes 
unsaturated there was 
always a tendency for the 
vapour pressures to be 
low owing to the slow- 
ness with which the last 
particles of salt evaporate. 
In spite of this and of the 
“|. fact that rather rapid 
working was desirable at 
the higher temperatures, 
| | none of the points was 
0-9 - J ~~ more than a few mm. 

ar 1700 below the normal vapour- 


am Fae ressure line 
Points from Table II A, TableIII ©, Tablerv PES B. 
g, Table V +, Table VI x. Since Q is not a tem- 


perature function we are 
justified in applying the well-known thermodynamical relationship, 
d log, p/dT = Q/RT?, or dlog, p/d(1/T) = — Q/R. From Fig. 2 
we find that logy» = — 4616-5.1/T + 8-67, and hence Q/R = 
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4616-5 x 2-303, or Q = 21-1 x 10% cals. for } g.-mol. of ammonium 
iodide. Hence the value per g.-mol. is 42-2 x 10° cals., whereas 
Johnson obtained the value 43-5 x 10% cals. 


Summary. 


The pressure and density of saturated ammonium iodide vapour 
have been redetermined, and it has been shown that the vapour is 
completely dissociated at all temperatures up to 400°. 


In conclusion, the authors wish to thank Professor Smits, in 
whose laboratory these experiments were carried out, for his kind 
interest in this work. 


Tue UNIVERSITY, AMSTERDAM. [Received, December 20th, 1928.] 
THe Royat CoLLeGE or Scrence, LONDON. 


XLIII.—Esters of Phosphoric Acid. Part I. Phos- 
phates of Cetyl Alcohol, Cholesterol, Chloroethyl 
Alcohol, and Ethylene Glycol. 


By Ropert HENRY ADERS PLIMMER and WiLiam JoHN Nosss 
Burcu. 


CetryL dihydrogen phosphate (cetylphosphoric acid) has been 
described by Biehringer (Ber., 1905, 38, 3974) and cholesteryl 
phosphates have been prepared by Euler and Bernton (Ber., 1927, 
60,1720). The latter compounds had not been described when our 
work was started. Our object has been a study of not only the 
mono- but also the di- and tri-esters of cetyl alcohol and of cholesterol 
with phosphoric acid. Both these alcohols occur in nature as esters 
and their phosphates may likewise be present in animal or vegetable 
products. 

Of the several methods of preparing esters of phosphoric acid the 
action of syrupy phosphoric acid, or phosphoric oxide, upon the 
alcohol has yielded the mono- or di-ester. Phosphoryl chloride and 
the alcohol yield intermediate compounds which are decomposed by 
water, giving the mono- and di-esters. By means of the sodium 
alcoholate a tri-ester was prepared by Limpricht (Annalen, 1865, 
134, 347). The tri-ester has been obtained from silver alkyl 
phosphate (Lossen and Kohler, Annalen, 1891, 262, 195) and by the 
action of phosphorus pentachloride (Winssinger, Bull. Soc. chim., 
1888, 48, 111). 

The reaction between ethyl metaphosphate and alcohols was 
introduced by Langheld (Ber., 1911, 44, 2076). This method has been 
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temperature and pressure of the just-saturated vapour can be found 
accurately, and from these the vapour density is calculated from the 
formula 

Vapour density = 4M = } x 22,400 x 76WT'/273V>p. 

The values calculated from this formula are : 
Experiment II = =.hCUMY VI 
Vapour density 36-1 36-4 36:2 365 36-1. Mean, 36-26. 
Cale. for NH, + HI, 36-24. 

The divergence of the results from the theoretical value required 

for complete dissociation is very small and within the limits of 

experimental error. It 

Fie. 2. may consequently be con- 

eR cluded that up to 400° 

Pome \ the vapour of ammonium 

1°9)- x iodide is always com- 
pletely dissociated. 

It is of interest to note 
that no tendency was 
observed for the ammon- 
ium iodide to be adsorbed 
on the glass walls, as was 
the case with ammonium 
bromide. Near the point 
where the vapour becomes 
unsaturated there was 
always a tendency for the 
vapour pressures to be 
low owing to the slow- 
ness with which the last 
particles of salt evaporate. 

| In spite of this and of the 
—|———_r——y_ |. fact that ‘rather rapid 
working was desirable at 
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d log, p/dT = Q/RT?, or dlog, p/d(1/T) = — Q/R. From Fig. 2 
we find that log,,~p = — 4616-5.1/T + 8-67, and hence Q/R= 
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4616-5 x 2-303, or Q = 21-1 x 108 cals. for } g.-mol. of ammonium 
iodide. Hence the value per g.-mol. is 42:2 x 10° cals., whereas 
Johnson obtained the value 43-5 x 10? cals. 


Summary. 
The pressure and density of saturated ammonium iodide vapour 
have been redetermined, and it has been shown that the vapour is 
completely dissociated at all temperatures up to 400°. 


In conclusion, the authors wish to thank Professor Smits, in 
whose laboratory these experiments were carried out, for his kind 
interest in this work. 


THe UNIvERsIty, AMSTERDAM. [Received, December 20th, 1928.] 
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XLIII.—Esters of Phosphoric Acid. Part I. Phos- 
phaies of Cetyl Alcohol, Cholesterol, Chloroethyl 
Alcohol, and Ethylene Glycol. 


By Ropert HENRY ADERS PLIMMER and WILLIAM JoHN Noss 
Burcu. 


Ceryt dihydrogen phosphate (cetylphosphoric acid) has been 
described by Biehringer (Ber., 1905, 38, 3974) and cholesteryl 
phosphates have been prepared by Euler and Bernton (Ber., 1927, 
60,1720). The latter compounds had not been described when our 
work was started. Our object has been a study of not only the 
mono- but also the di- and tri-esters of cetyl alcohol and of cholesterol 
with phosphoric acid. Both these alcohols occur in nature as esters 
and their phosphates may likewise be present in animal or vegetable 
products. 

Of the several methods of preparing esters of phosphoric acid the 
action of syrupy phosphoric acid, or phosphoric oxide, upon the 
alcohol has yielded the mono- or di-ester. Phosphoryl chloride and 
the alcohol yield intermediate compounds which are decomposed by 
water, giving the mono- and di-esters. By means of the sodium 
alcoholate a tri-ester was prepared by Limpricht (Annalen, 1865, 
134, 347). The tri-ester has been obtained from silver alkyl 
phosphate (Lossen and Kohler, Annalen, 1891, 262, 195) and by the 
action of phosphorus pentachloride (Winssinger, Bull. Soc. chim., 
1888, 48, 111). 

The reaction between ethyl metaphosphate and alcohols was 
introduced by Langheld (Ber., 1911, 44, 2076). This method has been 
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specially studied and the products of the reaction are described in 
Part II (following paper). 

It has been necessary to try all the methods above mentioned in 
order to obtain the mono-, di- and tri-esters of cetyl alcohol and of 
cholesterol with phosphoric acid. 

Carré (Compt. rend., 1904, 138, 374) prepared the phosphoric esters 
of ethylene glycol by heating the glycol and phosphoric acid togetker 
in molecular proportion. He isolated the mono-ester, but was 
unable t8 separate the di- and tri-esters. 

Since it was likely that a mixture of esters would always be 
obtained by the use of glycol, it was considered that a better method 
would be to start from ethylene chlorohydrin and then to convert the 
chloroethyl phosphoric esters into the corresponding 8-hydroxyethy! 
compounds. Barium chloroethyl phosphate was prepared by 
Fischer (Ber., 1920, 53, 1620) by the action of phosphory] chloride on 
glycol. 

The three chloroethyl phosphates have been made by us by the 
action of phosphoryl chloride on ethylene chlorohydrin and they have 
been converted into the mono- and di-8-hydroxyethyl esters. The 
trichloroethyl ester was hydrolysed in the process and gave di-}- 
hydroxyethyl hydrogen phosphate. The monochloroethyl ester was 
also prepared by the action of ethyl metaphosphate on ethylene 
chlorohydrin. In order to prepare tri-8-hydroxyethyl phosphate 
the reaction of ethylene chlorohydrin with trisodium phosphate was 
attempted, but only the mono-ester resulted. The reaction of 
phosphoryl] chloride with the sodium derivative of glycol was used 
to obtain more complex esters. 

The hydrolysis of the di- and tri-esters by acid and by alkali has 
also been studied. It was shown by Plimmer (Biochem. J., 1913, 
7, 72) that ethyl dihydrogen phosphate, glycerophosphoric acid, and 
phytic acid were hydrolysed by acid, but were stable to alkali. 
Phosphoproteins were found by Plimmer and Scott (J., 1908, 93, 
1699) to be easily hydrolysed by alkali. There appears to be no 
information about the hydrolysis of the di- and tri-esters. 


ExPERIMENTAL. 


Barium Monocetyl Phosphate and Monocetyl Dihydrogen Phosphate. 
—3-5 G. of phosphoryl chloride (1 mol.) were added slowly to a 
mechanically stirred solution of 5 g. of cetyl alcohol in chloroform. 
The mixture was warmed under reflux on a water-bath for 2 hours, 
kept for 24 hours, and then poured into water and thoroughly shaken 
in order to dissolve the oil. The solution was made neutral to 
phenolphthalein with barium carbonate and barium hydroxide, the 
barium phosphate removed, and the filtrate concentrated and treated 
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with an equal volume of alcohol. Crystals (5-5 g.) separated (yield, 
60%). On recrystallisation from alcohol and water, pale yellow 
lustrous crystals of bariwm monocetyl phosphate were obtained. 
(Found: H,O, 4-4. Found in material dried at 110°: Ba, 29-8; 
P, 63.* C,gH,,0,PBa,H,O requires H,O, 3-7%. C,,H,30,PBa 
requires Ba, 30-0; P, 6-8%). 

Monocety] dihydrogen phosphate was formed from the barium salt 
by the action of dilute sulphuric acid; it was obtained from the 
filtered concentrated solution. After crystallising from ether, it 
sintered at 61°, melted at 72°, and corresponded with the compound 
prepared by Biehringer (loc. cit.). The sodium salt, prepared by 
double decomposition with sodium sulphate, formed colourless 
crystals soluble in cold water. 

Dicetylphosphoryl Chloride and Barium Dicetyl Phosphate.— 
4 mixture of 9 g. of phosphoryl chloride and 25 g. of cetyl alcohol in 
chloroform was heated under reflux on a water-bath until hydrogen 
chloride ceased to be evolved. The solution was poured into a large 
excess Of milk of lime and kept for 12 hours. The precipitate was 
filtered off and washed several times with water. Excess of lime was 
removed from the filtrate by means of carbon dioxide, and the 
filtered solution concentrated: 5 g. of a white crystalline powder, 
which consisted of calcium monocetyl phosphate, were obtained on 
evaporation (Found: Ca, 10-9; P, 8-7. C,gH,,0,PCa requires 
(a, 11-1; P, 8-5%). 

The precipitate was extracted with chloroform, and the chloroform 
solution evaporated to dryness. Dicetylphosphoryl chloride remained 
a a yellow powder, insoluble in water, soluble with difficulty in 
alcohol, and very easily soluble in chloroform (yield, 19 g. or 60%) 
(Found: C, 68:7; H, 11-7; Cl, 66; P, 6-0. (C,,H,,0),POCI 
requires C, 68-1; H, 11-7; Cl, 6-3; P, 5-5%]. 

When dicetylphosphoryl chloride was boiled under reflux with 
excess of baryta solution for 10 hours, bariwm dicetyl phosphate 
formed as a yellowish grease on the surface; it solidified to a hard 
‘lid on cooling. It was washed with hot water to remove traces of 
barium monocetyl phosphate and recrystallised from aqueous 
alcohol [Found: Ba, 11:7; P, 4:7. {(C,gH33)2PO,},.Ba requires 
Ba, 11-2; P, 5-05%]. 

Owing to the insolubility of this salt and the readiness with which 
itis hydrolysed by acid, dicetyl hydrogen phosphate could not be 
epared in a pure state. The acid softened at 64°. 

In an attempt to obtain the intermediate cetylphosphoryl 

* All the phosphorus analyses recorded in this paper were made by Neu- 
gg method as modified by Plimmer and Bayliss (J. Physiol., 1906, 38, 

L 
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chlorides which are formed by the action of phosphoryl chloride upm 
the alcohol (compare Wichelhaus, Annalen, 1868, Suppl. Bd. 6, 257), 
cetyl alcohol and phosphoryl chloride in molecular proportion wer 
heated under reflux on a water-bath for 6 hours, and the product 
fractionated in a vacuum. No compound could be separated othe 
than cetene, b. p. 153°/15 mm. (compare Dumas and Peligot, 
Ann. Chim. Phys., 1836, 62, 8) (Found: C, 85-2; H, 14-8; ¥, 
ebullioscopic in alcohol, 230. Calc. for C,g.Hs, : C, 85-7; H, 14:39: 
M, 224). 

Tricetyl Phosphate.—5 G. of cetyl alcohol were heated on a water. 
bath, and 3 g. of phosphorus pentachloride added very gradually. 
The yellow waxy product was heated for 2 hours, shaken with several 
changes of hot water, dried in a vacuum, and crystallised from 
ligroin, soft, colourless, cubic crystals, m. p. 61°, very easily soluble 
in chloroform and benzene, being obtained [Found: C, 74-1; H, 
12-3; P, 3-95. Cale. for (C,gHgs),PO,: C, 746; H, 12-85; P, 
4-0%]. 

This compound was also obtained by boiling excess of cetyl] alcohol 
with phosphoric oxide in presence of ether (Cavalier’s method, 
Ann. Chim. Phys., 1899, 18, 499) in an attempt to prepare dicetyl 
hydrogen phosphate. To 15 g. of cetyl alcohol, dissolved in ether, 
2-5 g. of phosphoric oxide were quickly added. The mixture was 
heated under reflux until no solid separated on cooling (about 7 days). 
The ether was removed by evaporation, and the residue crystallised 
from alcohol, a white crystalline solid, m. p. 61°, being obtained 
(Found: P, 39%). It gave sodium dicetyl phosphate on boiling 
with dilute caustic soda solution. 

Barium Monocholesteryl Phosphate —4-2 G. (1 mol.) of phosphoryl 
chloride were slowly added to a mechanically stirred solution of 
12 g. of cholesterol in chloroform. After 24 hours the mixture, 
which had become red, was shaken with a large volume of water 
and kept for 24 hours. The water was separated and made neutral to 
phenolphthalein with barium carbonate and baryta. Barium 
phosphate was filtered off, and the filtrate concentrated and treated 
with an equal volume of alcohol. A gelatinous precipitate of barium 
cholesteryl phosphate, barium phosphate, and barium chloride was 
produced. Repeated crystallisation from aqueous alcohol gave 4 
small yield of bariwm monocholesteryl phosphate, which crystallised in 
fine white platelets from alcohol and water (Found: H,0, 10%: 
P, 4:6; Ba, 20-15. C,,H,,0,PBa,4H,O requires H,O, 10-7; P, 
4-6; Ba, 20-35%). 

Monocholesteryl dihydrogen phosphate was prepared from this salt 
by precipitating the barium with sulphuric acid. The opalescent 
filtrate, which could not be clarified even on prolonged boiling, was 
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evaporated to dryness, and the residue crystallised from chloroform 
(Found: P, 6-5. (C,,H,,)H,PO, requires P, 6-6%]. 

The lead and silver salts are precipitated on addition of lead acetate 
and silver nitrate to solutions of the barium salt. The copper and 
sodium salts are soluble in water. 

Barium Dicholesteryl Phosphate.—2 G. of phosphoryl chloride were 
added slowly to 8 g. of cholesterol dissolved in chloroform and the 
mixture was heated under reflux on a water-bath for 3 hours. The 
solution was kept for 24 hours and then shaken with a litre of water. 
The aqueous layer was separated from the cloudy chloroform layer 
(which contained cholesteryl ether and unchanged cholesterol), made 
neutral to phenolphthalein with barium carbonate and baryta, and 
concentrated on a water-bath. On addition of alcohol, barium 
monocholesteryl phosphate was precipitated. The filtrate was 
evaporated to dryness, and the residue extracted with 90% alcohol. 
The crystals which separated from the extract were recrystallised, 
a very small yield of white minute crystals of bariwm dicholesteryl 
phosphate being obtained [Found: Ba, 7:5; P, 3-4. 
{(Cy,H,;)2P0,},Ba requires Ba, 7-5; P, 3-4%]. 

By exactly removing the barium with sulphuric acid and evapor- 
ating the filtrate to dryness, dicholesteryl hydrogen phosphate was 
obtained as a syrup which solidified in a vacuum desiccator after 
several days. The white crystalline magma was insoluble in alcohol 
but soluble in chloroform [Found: P, 3-7. (C,,H,;),HPO, requires 
P, 3-7%]. 

Tricholesteryl Phosphate.—When a mixture of 2 g. of phosphorus 
pentachloride and 7-6 g. of cholesterol was gently warmed on a 
water-bath, a vigorous reaction took place and the mixture became 
liquid. On cooling, it set to a yellow solid, which was crystallised 
repeatedly from acetone. The ester, however, could not thus be 
entirely freed from cholesteryl chloride [Found : C, 78-1; H, 10-1; 
P, 2-4. (C,H,;),PO, requires C, 80-8; H, 11-2; P, 25%]. 

Investigation of Euler and Bernton’s Compounds.—Since the above 
work was completed * the preparation of mono- and di-cholestery] 
phosphates has been described by Euler and Bernton. For 
comparison with our compounds their experiments have been 
repeated. 

(2) 3-86 G. of cholesterol, dissolved in 20 c.c. of pyridine, were 
cooled in a freezing mixture and poured into 6 g. of phosphoryl 
chloride in 25 c.c. of pyridine. After 12 hours, the mixture was 
poured into water and the slimy mass, which was filtered off with 
great difficulty, was dried in a vacuum desiccator and crystallised from 


* A paper describing these compounds was read at a meeting of the Bio- 
themical Society in June, 1925. 
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chloroform. The compound had m. p. 195° and contained pho. 
phorus (6-64%) corresponding to monocholesteryl dihydrogen 
phosphate. 

(6) Equivalent quantities of phosphoryl chloride and cholesterd 
were mixed in the reverse order, as also described by the authors, but 
we did not succeed in isolating a compound corresponding to 
dicholesteryl hydrogen phosphate. The product of the reaction in 
our experiments was a voluminous frothy mass from which di. 
cholesteryl ether of m. p. 74° was isolated by extraction with 80°, 
alcohol. 

Barium §-Hydroxyethyl Phosphate and Tri-8-chloroethyl Phosphate. 
—15 G. of phosphoryl chloride were slowly added to 30 g. of ethylene 
chlorohydrin, which was mechanically stirred, and the mixture kept 
for 24hours. It was then shaken with ten times its volume of water. 
Tri-8-chloroethyl phosphate separated as a heavy oil (3 c.c.), which was 
- washed several times with water to remove hydrochloric acid and 
dried in a vacuum desiccator over caustic potash; it then had 
d 1-39 and b. p. 140°/40 mm. [Found: C, 24-3; H, 4-4; P, 108; 
Cl, 36-9. (C,H,Cl),PO, requires C, 25-2; H, 4:3; P, 10-9; 
373%]. 

The aqueous solution was evaporated to dryness in a vacuum, the 
residue dissolved in water, and the solution made neutral to phenol- 
phthalein with baryta and concentrated. On addition of alcohol, 
12 g. of a mixture, probably of barium chloroethyl phosphate with 
barium chloroethyl pyrophosphate, crystallised. This was dissolved 
in water, the barium removed with sulphuric acid, and the solution 
boiled with excess of yellow lead oxide for 24 hours and filtered. 
Lead was then removed with hydrogen sulphide, and the solution 
evaporated in a vacuum and neutralised with baryta. The barium 
8-hydroxyethyl phosphate obtained on evaporation was recrystal- 
lised from aqueous alcohol (Found: Ba, 49-3; P, 10-6. Cale. for 
HO-C,H,°0-PO,Ba : Ba, 49-4; P, 11-2%). 

Barium Di-8-hydroxyethyl Phosphate-——The above procedure was 
repeated with 15 g. of phosphoryl chloride and 15 g. of ethylene 
chlorohydrin, but the mixture was heated on a water-bath for 2 hours. 
After treatment with water and separation of the oil, the aqueous 
solution was neutralised with baryta, concentrated, and boiled with 
excess of lead oxide, and finally the lead salts were converted 
into barium salts as described above. A mixture of mono- and 
di-8-hydroxyethyl phosphates was obtained. Separation was effected 
by crystallisation from water, the barium salt of the di-ester 
being the less soluble [Found: H,O, 6-7; Ba, 25-55; P, 11? 
{(C,H,-OH),PO,},Ba,2H,0 requires HO, 6-6; Ba, 25:2; P, 11-4%. 

Barium 8-Chloroethyl Phosphate —The barium salts of the chloro- 
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ethyl phosphates could not be isolated in a purecondition by the above 
method. Barium chloroethyl phosphate could not be obtained by 
Fischer’s method, possibly owing to the great heat evolved in the 
reaction, though the reagents were maintained as far as possible at 
—20°. By substituting ethylene chlorohydrin for glycol a fair yield 
of the salt was obtained. 

8-2 G. of ethylene chlorohydrin in 40 c.c. of pyridine cooled to 
—20° were added very slowly to 30-6 g. of phosphoryl chloride in 
80 c.c. of pyridine kept below —15°. After remaining at this 
temperature for 2 hours, the mixture was poured into 2 litres of 
water containing ice, to which 120 c.c. of 25% sulphuric acid had been 
added. Hydrochloric acid was removed from the solution by means 
of silver carbonate, and the excess of silver by hydrogen sulphide, 
and the solution, after being freed from the latter reagent, was made 
neutral to phenolphthalein with baryta and evaporated in a vacuum 
until free from pyridine ; the excess of barium was then precipitated 
by means of carbon dioxide. The filtrate from the barium carbonate 
was concentrated in a vacuum to 200 c.c., alcohol added, and the 
precipitated barium chloroethyl phosphate recrystallised from 50% 
alcohol (yield, 7 g.) [Found : H,O, 5-7; Cl, 11-0; P, 9-6; Ba, 43-3. 
(C,H,Cl)PO,Ba,H,O requires H,O, 5-4; Cl, 11-2; P, 9-9; Ba, 
437%]. 

The barium salt decomposes at 120°. For the further identific- 
ation of monochloroethyl dihydrogen phosphate the brucine salt was 
found to be of most value. It is obtained by adding the calculated 
quantity of brucine to an aqueous solution of monochloroethyl 
dihydrogen phosphate. The brucine rapidly dissolves and the salt 
almost immediately begins to crystallise in tufts of fine needles 
(yield, almost theoretical). The salt is fairly readily soluble in hot 
water, but almost insoluble in cold [Found: H,O, 13-5; P, 4-8; 
(1, 5:8; N, 4-3; M (for anhydrous salt), ebullioscopic in alcohol, 564. 
CysH,g0,N.,(C,H,Cl)H,PO,,4H,0 requires H,O, 11:3; P, 4:95; 
Cl, 5-7; N, 45%; M (for anhydrous salt), 554]. 

Conversion of Brucine 8-Chloroethyl Phosphate into Barium 
3-Hydroxyethyl Phosphate.—The salt (6 g.) was dissolved in hot water, 
the brucine removed by ammonia, and the filtrate boiled with excess 
of yellow lead oxide. Lead was removed by hydrogen sulphide, the 
solution neutralised with baryta and evaporated in a vacuum, and 
alcohol added. The precipitated barium $-hydroxyethyl phosphate 
was recrystallised from aqueous alcohol (yield, nearly 2 g.) (Found : 
Ba, 49:7; P, 11-0%). 

The Action of Ethyl Metaphosphate on Ethylene Chlorohydrin.— 
This reaction also was tried as a means of preparing barium mono- 
chloroethyl phosphate (see Part II). 
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A mixture of 16 g. of ethylene chlorohydrin and 11 g. of ethy! 
metaphosphate in chloroform was heated under reflux on a water. 
bath for 3 hours. The chloroform was then removed by distillation 
in a vacuum, and the residue dissolved in water and made neutral to 
phenolphthalein with baryta. The filtrate from barium phosphate 
was evaporated in a vacuum, and alcohol added very carefully until 
the solution became turbid. Barium ethyl phosphate separated on 
standing. After addition of rather more than an equal volume of 
alcohol to the filtrate, barium §-chloroethyl phosphate slowly 
separated. The salt was dissolved in water, the above separation 
repeated, and the barium chloroethyl phosphate recrystallised from 
50% alcohol (yield, 3 g.) [Found: H,O, 5-4. Found in salt dried at 
110°: Cl, 12-3; P, 10-6; Ba, 45-8. Calc. for (C,H,Cl)PO,Ba,H,0: 
H,0, 5-4. Calc. for (C,H,Cl)PO,Ba : Cl, 12-0; P, 10-5; Ba, 46-49%). 
It was converted into barium $-hydroxyethyl phosphate by boiling 
with yellow lead oxide as described above (Found: Ba, 50-8; P, 
11-3%). 

Formation of Barium Di-8-hydroxyethyl Phosphate from Trichloro- 
ethyl Phosphate.—5 G. of trichloroethyl phosphate were boiled with 
excess of yellow lead oxide and water for 24 hours. Lead was re. 
moved from the filtered solution by hydrogen sulphide, and the 
excess of the latter by evaporation in a vacuum. The solution was 
then neutralised with baryta and evaporated ina vacuum. Barium 
di-8-hydroxyethyl phosphate (3 g.) separated and was recrystallised 
(Found: H,O, 5-5; Ba, 23-9; P, 11-9%). 

Since the trichloroethy] ester suffered hydrolysis by this treatment, 
its conversion into trihydroxyethyl phosphate was attempted by the 
action of moist silver oxide. The syrupy trichloroethyl ester, on 
being left in contact with silver oxide for 8 weeks, was changed intoa 
mobile liquid. This was evaporated in a vacuum. White feathery 
crystals of silver di-8-hydroxyethyl phosphate were obtained. As 
this salt was very soluble in water, it was converted into the barium 
salt by successive treatment with hydrogen sulphide and baryta 
(Found : Ba, 26-7; P, 12-0%). 

Formation of Disodium 8-Hydroxyethyl Phosphate from Ethylene 
Chlorohydrin and Trisodium Phosphate.—This reaction was tried asa 
means of preparing tri-6-hydroxyethyl phosphate. 10 G. of ethylene 
chlorohydrin were added to a saturated solution of 20 g. of trisodium 
phosphate. A sheen, due to minute crystals, appeared almost at 
once in the solution and developed into a heavy white precipitate. 
Just sufficient water was added to dissolve the crystals and alcohol 
was added until the solution was turbid. Tiny glistening platelets 
of disodium 8-hydroxyethyl phosphate were first formed and afterwards 
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sodium phosphate crystallised. The crystals were separated by 
fractional crystallisation from aqueous alcohol and finally disodium 
3-hydroxyethyl phosphate (11 g.) was obtained in large trans- 
parent plates, m. p. 61° [Found: H,O, 37-1; Na, 15-5; P, 
10-4. (C,H,-OH)PO,Na,,6H,O requires H,O, 36:7; Na, 15-6; 
P, 10:5%]. 

Formation of Sodium Ethylene Phosphate.—Besides the above 
esters of ethylene glycol and phosphoric acid, several other esters are 


theoretically capable of existence, such as Tae o> POOH. An 
2 


attempt was made to prepare a salt of this compound as follows. 

The disodium derivative (18 g.) of ethylene glycol (made by heating 
the glycol with excess of sodium at 170°) was suspended in 500 c.c. of 
dry chloroform and 28 g. of phosphoryl chloride were slowly added. 
Much heat was evolved and the apparatus had to be cooled. After 
the addition the mixture was warmed on a water-bath. Some greasy 
material, which was probably the excess of the disodium derivative, 
separated on the surface. The rest was shaken with water and 
separated from the chloroform, which contained only a trace of 
trichloroethyl phosphate. The aqueous solution was neutralised 
with baryta and evaporated ina vacuum. Sodium chloride crystal- 
lised. On evaporation of the mother-liquor in a vacuum over 
sulphuric acid, a colourless syrup resulted containing a mass of 
regular, truncated, octahedral crystals. These crystals could not be 
separated, as they’ formed only when the syrup was too viscid to 
filter, and it has been so far impossible to find a solvent which did not 
dissolve both crystals and syrup and prevent crystallisation. The 
great solubility of the crystals is so different from that of the salts of 
hydroxyethyl phosphates that it is probable that they are the salt 
of the above ethylene hydrogen phosphate. 


Hydrolysis of the Esters. 


Hydrolysis of Barium Diethyl Phosphate and of Triethyl Phosphate. 
—In view of the fact that ethyl dihydrogen phosphate is not hydro- 
lysed by alkali, the examination of the hydrolysis of the diethyl and 
triethyl esters necessitates estimation of alcohol, since inorganic 
phosphoric acid will not be formed. The methods of Haggard (J. Biol. 
Chem., 1923, 55, 132) and of Shaffer and Ronzoni (ibid., 1923, 57, 
741) for the estimation of ether in blood and other fluids seemed 
capable of adaptaticn to the determination of alcohol. 

(1) Haggard’s method. This consists in the oxidation of the ether, 
which is removed by a current of air from the liquid, by iodine 
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pentoxide. The liberated iodine is absorbed in potassium iodide: 
solution and titrated with thiosulphate. 
On testing the method with alcohol it was found that the reaction 


5C,H,-OH + 61,0, = 15H,O + 10CO, + 61, 


takes place at 200°. 

The experiment was carried out by bubbling dry air very slowly 
through the alcohol solution and then through a U tube (in an oi. 
bath at 200°) containing alternate layers of iodine pentoxide (40 g) 
and glass wool. The air current was then passed into potassium 
iodide solution to absorb the iodine. (Before use, the charged U tule 
had to be conditioned by heating it at 220° for about 10 hours until 
iodine was no longer evolved.) Alcohol was completely removed 
from the solution in 30 minutes, but the apparatus was not capable 
of dealing with more than 10 mg. of alcohol. 

(2) Shaffer and Ronzoni’s method. In this. method the ether is 
separated by aeration and passed through a series of absorption 
bottles each containing 25 c.c. of 0-5N-potassium dichromate in 50°, 
sulphuric acid. The unreduced dichromate is then estimated by 
means of potassium iodide and thiosulphate. 

It was found that the alcohol could be removed by aeration if the 
solution were heated on a water-bath. It was oxidised to acetic acid 
by the dichromate and not further, but at the end of the experiment 
it was necessary to boil the dichromate for a few minutes to complete 
the oxidation. The results obtained by this method with pur 
alcohol were accurate to within 0-5%,. 

The second method, which is much simpler than the first, was 
used in the experiments with ethyl and propyl phosphates. 

Hydrolysis. 1 G. portions of barium diethyl and of triethyl 
phosphate were heated under reflux with 200 c.c. of 2N-sodium 
hydroxide on a water-bath for periods ranging from 8 to 360 hours. 
The solution was then aerated and the alcohol drawn through a train 
of three absorption bottles each containing 25 c.c. of 0-5N-potassium 
dichromate made up with 50% sulphuric acid. The dichromate 
portions were mixed, boiled for a few minutes, and made up to 4 
volume of 250 c.c. Quantities of 25 c.c. were treated with excess of 
potassium iodide solution, and the liberated iodine estimated with 
thiosulphate. 

The acid hydrolysis was carried out in the same way, 200 c.c. of 
2N-sulphuric acid being used. , 

In a blank experiment 75 c.c. of the Aebevenite solution, as used 
for absorption of the alcohol, were equivalent to 370 c.c. of 0-1N-thio- 
sulphate. The results, including those for barium dipropy! phos- 
phate, were as follows : 
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Alkaline Hydrolysis at 90°. 
Quantity Alcohol oxidised Mols. of 
taken Time (as c.c. of alcohol 
Phosphate. , (hours). 0-1N-thiosulphate). removed. 
Barium diethyl ° No hydrolysis 


Barium dipropyl] . i 


Triethyl -0303 178 
0303 208 


Acid Hydrolysis at 90°. 
20 8-2 
48 15 
144 . 103 
216 148 
386 337-5 
48 44 
96 84 
8 190 
48 253 
120 315 
240 405 
360 563 


Barium diethyl 


Barium dipropyl 
Triethyl 


rriririrdracdrdracaries 
Soooecesessos66os$ 


The dialkyl phosphates are thus not hydrolysed by alkali, and 
slowly by acid with complete removal of the alcohol only after a long 
time. Triethyl phosphate was converted into the diethyl phosphate 
by alkali and almost completely hydrolysed by acid after 360 hours. 

Hydrolysis of the Cetyl Phosphates.—The extent of hydrolysis of 
these esters could be determined by weighing the cetyl alcohol 
extracted, after cooling, by ether. 

Alkaline hydrolysis. 1G. portions of the barium salts of the mono- 
and di-cetyl phosphates were boiled under reflux with 200 c.c. of 
2N-sodium hydroxide: there was no separation of cetyl alcohol. 

1 G. of tricetyl phosphate was boiled with 200 c.c. of N-sodium 
hydroxide for 2 hours. A white curdy mass which formed on the 
surface of the liquid was filtered off; ether then extracted 0-31 g. of 
cetyl alcohol from the liquid. The aqueous solution on cooling 
deposited a white flocculent precipitate of sodiwm dicetyl phosphate, 
which was washed with ether to remove cetyl alcohol [Found : 
P, 53. (Cy gH3g)2PO0,Na requires P, 5-45%]. 

Acid hydrolysis. 1 G. portions of barium mono- and di-cetyl 
phosphates were boiled under reflux with 200 c.c. of 2N-sulphuric 
# acid for 8 hours in each case. The mono-ester gave 0-509 g. of cetyl 
alcohol (0-96 mol.), and the di-ester 0-722 g. (1-83 mols.). The 
results are similar to those obtained with ethyl and propyl 
phosphates. 

Hydrolysis of Phenyl Phosphates —The barium salts of mono- and 
ae hydrogen phosphates were prepared by the action of 

L 
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phosphoryl chloride on pheno:. Molecular quantities were heated in 
an oil-bath at 110° for about 10 hours and the product was fraction. 
ated in a vacuum to obtain the corresponding phosphoryl chloride 
compounds. Monophenylphosphory] chloride, OPh:POCI,, distilled 
at 240°/ 760 mm., and diphenylphosphory] chloride, (OPh),POCI, at 
212—215°/21 mm. These compounds were hydrolysed to the 
phosphoric esters by shaking with water at 60°. The solutions were 
filtered, and the filtrates evaporated in a vacuum desiccator con- 
taining sodium hydroxide. 

Triphenyl phosphate was prepared by the action of phosphorus 
pentachloride on phenol. 

The esters were hydrolysed by heating about 1 g. quantities with 
200 c.c. of N-hydrochloric acid or 200 c.c. of N-sodium hydroxide. 

The extent of the hydrolysis of these esters was ascertained in the 
case of the mono-ester by precipitation of the inorganic phosphoric 
acid as ammonium magnesium phosphate and conversion into 
magnesium pyrophosphate, and in the case of the di- and tri-esters 
by steam distillation (after acidification with acetic acid in the 
alkaline hydrolysis) and estimation of the phenol by bromination in 
an aliquot part of the distillate, which was made up to 500 c.c. The 
bromination was effected in a stoppered bottle by adding 10 c.c. of 
0-5N-potassium bromate and 10 c.c. of 0-5N-potassium bromide and 
5 c.c. of concentrated hydrochloric acid. After 15 minutes, excess 
of potassium iodide was added and the iodine liberated was titrated 
with thiosulphate. 10 C.c. of the bromate solution were equivalent 
to 32-8 c.c. of 0-1N-thiosulphate. 

The results of the hydrolysis were as follows : 


Acid Hydrolysis at 85°. 
Quantity Time C.c. of Mols. of 
Ester. taken (g.). (hours). thiosulphate. phenol removed. 

Triphenyl 1-0222 144 283-3 1-95 
Diphenyl 0-9994 24 37-25 0-20 

0-9907 76 141-5 1-01 

(Mg,P,0,) 

Monopheny] 1-0059 48 0-2377 g. 0:37 

1- 168 0-4698 g. 


Alkaline Hydrolysis at 85°. 


Triphenyl ‘ 72 268 c.c. 
170 430 
Diphenyl : 70 280 
170 366 
Monophenyl ° 194 
: 48 250-5 
72 261 


The hydrolysis of mono- and di-phenyl phosphates by alkalis 
was also examined at 40°, both the inorganic phosphoric acid and the 
phenol being estimated : 
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Dipheny]l : 1-0037 g. in 24 hours gave 0-16 g. Mg,P,0, and 1-36 mols. 


phenol. 
Monopheny] : —— g. in 24 hours gave 0-2232 g. Mg,P,O, and 0-35 mol. 
phenol. 


The hydrolysis was thus quite appreciable. This difference 
between the aliphatic alcohols and phenol may be due to the acidic 
character of the hydroxyl group conferred upon it by the electro- 
negative nature of the benzene nucleus. 


Summary. 


Mono-, di-, and tri-cetyl phosphates have been prepared by the 
action of phosphoryl] chloride and pentachloride upon cetyl alcohol. 
The first two esters were isolated as barium salts. 

Mono-, di-, and tri-cholesteryl phosphates have been prepared 
by similar methods. Tricholesteryl phosphate was not prepared in a 
pure condition. 

Mono- and di-8-chloroethyl phosphates (isolated as barium salts) 
and trichloroethyl phosphate have been prepared by the action of 
phosphoryl chloride upon ethylene chlorohydrin. 

Monochloroethyl phosphate has also been made by the action of 
ethyl metaphosphate upon ethylene chlorohydrin. 

The barium salts of the mono- and di-chloroethyl phosphates have 
been converted into the barium salts of mono- and di-6-hydroxyethyl 
phosphates. Trichloroethyl phosphate was converted into a salt 
of di-8-hydroxyethyl phosphate. 

Disodium ®-hydroxyethyl phosphate was formed by the action of 
ethylene chlorohydrin upon trisodium phosphate. 

A very soluble salt, probably of ethylene hydrogen phosphate, is 
formed by the action of phosphoryl chloride upon the disodium 
derivative of ethylene glycol. It could not be isolated. 

The various esters of phosphoric acid can be completely hydrolysed 
by dilute acid. 

The mono- and di-esters of the aliphatic alcohols with phosphoric 
acid are not hydrolysed, and the tri-ester is hydrolysed to the 
di-ester, by dilute alkali. 

The mono-, di-, and tri-esters of phenol with phosphoric acid can 
be completely hydrolysed by dilute alkali. 


Sr. TuHomas’s Hosprrat WESTMINSTER SCHOOL. 
MeEpicat ScHOOL. [Received, October 29th, 1928.] 
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XLIV.—Esters of Phosphoric Acid. Part II. The 
Action of Ethyl Metaphosphate on Alcohols, 
Ammonia, and Some Amino-compounds. 


By Ropert Henry ApERS PLimMER and WitLiAM JOHN 
Nosss Burcu. 


THE action of ethyl metaphosphate on alcohols as a method of 
preparing esters of phosphoric acid was introduced by Langheld 
(Ber., 1910, 43, 1857; 1911, 44, 2076), who claimed to have made 
several esters of natural origin but gave no data. The reaction was 
believed to take place in two stages. The ethyl metaphosphate first 
reacted with the alcohol by addition : 


0,P-OEt + ROH = OP(OH)(OEt)-OR 


Then, at the temperature of the water-bath, the mono-ester and a 
mixed ether were produced. These products were believed to result 
either from the reaction 


OP(OH)(OEt)-OR + ROH = OP(OH),-OR + EtOR 


or from 
(a2) O,P-OEt + ROH = O,P-OH + EtOR 
(6) O,P-OH + ROH = OP(OH),°OR. 


No mixed phosphoric ester was apparently formed, nor were 
pyrophosphoric esters isolated; possibly they were not formed. In 
view of the uncertainty of the reaction and for the purpose of 
preparing certain esters of phosphoric acid, the method has now been 
tried with propyl alcohol, cetyl alcohol, phenol, and cholesterol, as 
well as with ethyl alcohol employed by Langheld. We have found 
that in most cases a mixed ether and sometimes a simple ether is 
produced and that, except in the case of cholesterol, there is always 
formed a mixture of the mono- and di-ester of the alcohol taken 
together with mono- and di-ethyl phosphates. It is difficult to 
explain the course of the reaction, but it appears that there are 
several stages. If ethyl metaphosphate has the double formula, 
as shown by molecular-weight determination, the first stage is 
probably the addition of the alcohol to form a pyrophosphate 
ester : 


E 
MOPPKO>PKO. + ROH = “O>P<OR HO>P<O 


The pyrophosphate ester may be decomposed by the action of 
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water into a mixed ether, metaphosphoric acid, and ethyl meta- 
phosphate : 


it OEt 
BOP<on HOD P<o + HOH= 
EtOR + 0=P<0" + o-P<Q™ 


Finally, the metaphosphoric acid reacts with the alcohol to form 
the mono- and di-esters, OP(OH),-OR and OP(OR),,OH. The 
simple ether may arise from the action of the alcohol (cetyl) upon the 
mono-ester (monocety]). 

By these reactions it is impossible to explain the formation of 
diethyl hydrogen phosphate in all cases. We venture to suggest that 
ethyl metaphosphate has an alternative formula and that it is 
decomposed by water into diethyl hydrogen phosphate and meta- 
phosphoric acid : 

0=P—O—P(OEt), + H,O = O=P<P" + HO—P(OEt),. 
‘O O “oO 

This would agree with Langheld’s observation (Ber., 1910, 43, 
1859) that the solution coagulates albumin. 

By the action of ethyl metaphosphate on ammonia and various 
amino-compounds, Langheld also prepared compounds to which he 
ascribed the formule I—IV. 
oes ee ee 

= = Re 
0=FiOH)-OEt 0=fOHy-OR \oH \oH ” 
(I.) (II.) (III. * (IV.) 

Ammonia and primary amines formed iminopyrophosphates 
([and II), secondary smines formed amino-orthophosphates (IIT and 
IV). They were decomposed by alkalis or water into ammonia or the 
amine. Ina similar way Strecker and Heuser (Ber., 1924, 57, 1364) 
prepared compounds of ethyl metaphosphate with hydrazine, 
hydroxylamine, and phenylhydrazine. They assigned to them the 
composition ethyl hydrazino-orthophosphate, 


O7P(OH)(OEt)(NH-NH,), 


ethyl phenylhydrazino-orthophosphate, O:P(OH)(OEt)(NH-NHPh), 
and ethyl hydroxylamino-orthophosphate, O7P(OH)(OEt)(NH-OH). 
In all these compounds the nitrogen atom was believed to be 
directly attached to the phosphorus atom. 

On account of the possible relation of these compounds to phos- 
phoproteins in which phosphorus is combined with an amino-acid in 
a form easily hydrolysed by alkali (Plimmer and Bayliss, J. Physiol., 
1906, 33, 439; Plimmer and Scott, J., 1908, 93, 1699) it was thought 
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that further investigation of these compounds was of importance in 
the study of the combination of phosphorus in the phosphoproteins, 
We have found that these compounds after treatment with water 
give salts of ethyl dihydrogen phosphate with ammonia, hydrazine 
or other amino-compounds. 


EXPERIMENTAL. 


Preparation of Ethyl Metaphosphate-—The ester was prepared as 
described by Langheld. From 200 g. of phosphoric oxide we 
obtained, after purification, 100 g. of ethyl metaphosphate as a 
heavy yellow syrup, which was kept in a vacuum desiccator [Found : 
C, 21-9; H, 46; P, 28:8; M, ebullioscopic in chloroform, 216-6, 
214-6. Cale. for EtPQ,: C, 22-2; H, 4:6; P, 287%. (EtPO,), 
requires M, 216}. 

Ethyl metaphosphate is very soluble in chloroform and glacial 
acetic acid, moderately easily soluble in acetone, and very slightly 
soluble in ether, benzene, and ligroin. 

Ethyl Alcohol and Ethyl Metaphosphate-—Ten g. of ethyl meta- 
phosphate dissolved in chloroform were added to excess of absolute 
alcohol and heated under reflux on a water-bath for 2 hours; the 
mixture then gave no mistiness on addition of ether. The chloro- 
form and excess of alcohol were distilled in a vacuum, the residue 
was dissolved in water, and the solution made neutral to phenol- 
phthalein with barium carbonate and baryta and warmed on the 
water-bath. Alcohol was added until the first sign of turbidity 
appeared. Barium ethyl phosphate slowly crystallised in character- 
istic shining plates. It was recrystallised from aqueous alcohol 
(yield, 10-9 g.) (Found: H,O, 5-6; P, 11-1.* C,H;PO,Ba,H,0 
requires H,O, 6-45; P, 11:1%). 

The filtrate was divided into two equal parts. One part was 
evaporated to dryness; alcohol (80%) extracted from the residue 
barium diethyl phosphate, which was crystallised from 80% alcohol 
(yield, 4-5 g.) [Found: P,14-0. {(C,H,;),;PO,},Ba requires P, 14-0%]. 
The second part was distilled in a vacuum, but no triethyl phosphate 
could be obtained. 

The original distillate of chloroform and alcohol was not examined 
for the presence of ethyl ether. 

Propyl Alcohol and Ethyl Metaphosphate.—A solution of 12 g. of 
n-propyl alcohol in chloroform was boiled under reflux with 11 g. of 
ethyl metaphosphate until it gave no mistiness on addition of ether. 
The chloroform was then distilled off in a vacuum, and the residue 
dissolved in ether and shaken with baryta solution to convert the 


* The phosphorus analyses were made by the method of Neumann as 
modified by Plimmer and Bayliss (J. Physiol., 1906, 33, 439). 
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ester into its barium salt. The aqueous solution was evaporated to 
a small bulk in a vacuum, and alcohol added until the first sign of 
turbidity appeared; barium ethyl phosphate slowly crystallised 
(Found: H,O, 6-0; P, 11-0%). The filtrate was evaporated to 
dryness in a vacuum; boiling alcohol extracted from the residue 
barium di-n-propyl phosphate, which crystallised on cooling (9 g.) 
and was recrystallised from hot alcohol [Found: Ba, 27-05; P, 
12-4. <(C,H,),PO,}.Ba requires Ba, 27-3; P, 12-45%]. From the 
remaining solid, 80% alcohol extracted barium diethyl phosphate 
(11 g.), which was recrystallised (Found: P, 140%). The impure 
barium dipropyl pyrophosphate that remained [Found: Ba, 36-7; 
P,16-0. (C,H,),P,0,Ba requires Ba, 34-5; P, 15-6°%] was converted, 
by warming with dilute baryta solution, into barium propyl 
phosphate (Found: Ba, 49-9; P, 11-2. C,H,PO,Ba requires Ba, 
49-8; P, 11-3%). 

On redistilling the chloroform fraction at ordinary pressure, about 
2 c.c. of a liquid boiling at 90° were obtained, presumably consisting 
of dipropyl ether. Ethyl propyl ether was not separable from the 
chloroform owing to the closeness of their boiling points. 

Cetyl Alcohol and Ethyl Metaphosphate.—A solution of 10 g. of 
cetyl alcohol and 5 g. of ethyl metaphosphate in chloroform was 
heated under reflux for 2 hours, the chloroform was then evaporated 
in a vacuum and the residue was dissolved in ether and well shaken 
with a large volume of water. The aqueous solution was made 
neutral to phenolphthalein with concentrated baryta solution. 
From the precipitated barium mono- and di-cetyl phosphates, by 
repeated extraction with hot water, 2 g. of barium cetyl phosphate 
were separated; this was recrystallised from water (Found in 
material dried at 110°: Ba, 30-2; P, 7-0. Calc. for C,,H,,PO,Ba : 
Ba, 30-0; P, 68%). The residue of barium dicetyl phosphate was 
dissolved in alcohol, filtered from barium phosphate, and precipitated, 
by addition of water, as a gelatinous mass which became a white 
powder (7 g.) on drying at 110° [Found : Ba, 11-6; P, 5-5. Calc. for 
{(C,gH43)2P0,},.Ba: Ba, 11-17; P, 505%). 

The filtrate from the precipitate of the cetyl phosphates was 
concentrated in a vacuum, and alcohol added; barium ethyl 
phosphate was precipitated (Found: P, 11-2%). On evaporating 
the filtrate to dryness and extracting the residue with 80% alcohol, 
barium diethyl phosphate (3 g.) was obtained; it was recrystallised 
from alcohol and water (Found : P, 13-7%). 

The ethereal solution, fractionated under ordinary pressure, gave 
two fractions, b. p. 180° and 286° respectively. The former solidified 
after some time to a white wax, m. p. 20°, which was apparently 
ethyl cetyl ether (Found: OC, 79-1; 4H, 13-75. Calc. for 
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C,H;"O-C,,Hg, : C, 80-0; H, 141%). (Cetyl alcohol melts at 50° 
and boils at 190°.) The other fraction was a pale yellow solid, m. p. 
55°, presumably dicetyl ether. 

Phenol and Ethyl Metaphosphate.—Phenol (5 g.) was treated with 
ethyl metaphosphate (5 g.) as described in the case of propyl alcohol. 
From the aqueous solution of barium salts, on addition of alcohol, 
barium ethyl phosphate (Found: P, 11-0%) and barium phenyl 
phosphate (Found in material dried at 110°: Ba, 43-2; P, 10-3. 
C,H,;PO,Ba requires Ba, 44-2; P, 10-0%) were precipitated. They 
were separated by fractional crystallisation from aqueous alcohol, 
barium ethyl phosphate being the less soluble. 

The filtrate was evaporated to dryness, and the residue extracted 
with absolute alcohol. Barium diethyl phosphate was insoluble and 
was recrystallised from dilute aleohol (Found: P, 14:1%). Barium 
diphenyl phosphate was obtained on evaporation of the alcoholic 
extract; it crystallised from 50% alcohol in fine needles [Found : 
loss at 60°, 10-15. {(C,H,;),PO,},Ba,4H,O requires loss, 10-49, 
Found in anhydrous salt: Ba, 21-6; P, 9-8. {(C,H;),P0,},Ba 
requires Ba, 21-4; P,9-7%]. The chloroform on fractionation gave 
phenetole, b. p. 176°. 

Cholesterol and Ethyl Metaphosphate.—Cholesterol (3-25 g.) was 
treated with ethyl metaphosphate (5 g.) as in the case of cetyl 
alcohol (3 hours’ heating). The neutralised aqueous solution of 
barium salts, after addition of alcohol, slowly deposited a mixture of 
barium ethyl phosphate (Found: P, 11-3%) and barium cholesteryl 
phosphaie. They were separated by fractional crystallisation from 
aqueous alcohol. Only 0-5 g. of barium monocholesteryl phosphate 
was obtained (Found: loss at 110°, 10-8. C,,H,;PO,Ba,4H,0 
requires loss, 10-694. Found in anhydrous salt: Ba, 22-6; P, 5-1. 
C.,H,;PO,Ba requires Ba, 22-8; P, 5-15%). Barium dicholesteryl 
phosphate could not be obtained from the filtrate. 

On fractionating the chloroform a brown oil (1 ¢.c.), b. p. 237°/ 
20 mm., was obtained. This appeared to be cholesteryl ethyl ether 
(Found: C, 84:9; H, 12-1. C,,H,,;O-C,H,; requires C, 84-05; 
H, 12-1%). Dicholesteryl ether was not isolated. 

Tyrosine and Ethyl Metaphosphate.—1 G. of tyrosine and 5 g. of 
ethyl metaphosphate were heated in dry chloroform under reflux on 
a water-bath for 3 hours. A coiourless syrup which floated to the 
surface was found to contain a high percentage of phosphorus and a 
very low percentage of nitrogen. It seemed, therefore, that the 
tyrosine had merely dissolved, since on neutralisation with baryta it 
was precipitated. 

The Product of the Reaction of Ethyl Metaphosphate with 
Ammonia.—Dry ammonia was passed into a solution of 10 g. of pure 
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ethyl metaphosphate in chloroform until the reaction was complete. 
A gelatinous mass was formed. The chloroform was removed by 
distillation in a vacuum, and the vitreous residue dissolved in dry 
alcohol and precipitated with dry ether (Found : C, 17-15; H, 6-7; 
P, 216%). 

(a) 0-69 G. of the product was dissolved in water, 1 g. of sodium 
carbonate added, and air aspirated through the solution according 
tothe method of Folin. Ammonia equivalent to 37 c.c. of 0-1N-acid 
was absorbed in excess of standard acid. Hence nitrogen (as 
ammonia) == 9°1%,. 

(b) 5 C.c. of a 0-69°% solution of the product, when tested for 
amino-nitrogen by the Van Slyke method with acetic acid (Plimmer, 
J., 1925, 127, 2651), gave 7-3 c.c. at 18° and 771 mm. after 24 hours. 
Allowance being made for the nitrogen in the blank determination, 
the amount of nitrogen = 4-2574 mg. Hence nitrogen = 10-8%. 

These analyses and reactions correspond to those of ammonium 
ethyl hydrogen phosphate [NH,(C,H;)HPO, requires N, 9-7; C, 
167; H, 7-0; P, 21-7%], and not to those of an iminophosphate 
(Langheld, loc. cit.). A record of only one ammonium salt, 
NH,(C,H;)HPO,, could be found (Cavalier, Ann. Chim. Phys., 1899, 
18, 449). 

Diammonium ethyl phosphate was made from 10 g. of barium ethyl 
phosphate by adding 4-7 g. of ammonium sulphate in aqueous 
slution. The barium sulphate was removed, and the filtrate 
evaporated in a vacuum. A white crystalline salt was obtained 
which was very soluble in water [Found: N (as ammonia), 17-4; 
P,191. (NH,),C,H;PO, requires N, 17-5; P, 19-4%]. 

Ammonium Ethyl Hydrogen Phosphate-—A mixture of 20 g. of 
phosphoric oxide and 25 g. of alcohol in ether cooled in ice was left 
for 12 hours. It was then warmed at 40° for 2 hours, poured into 
water, and divided into two portions. One portion was partly 
neutralised with ammonia until the B.D.H. universal indicator used 
was yellow. The solution was then evaporated to a small bulk and 
left ina vacuum desiccator. After a time it became a vitreous mass 
and finally crystallised. The salt was very deliquescent and 
resembled the salt formed from ethyl metaphosphate and ammonia 
[Found : N (as ammonia), 9-5; P, 21-7%]. 

The other portion of the solution was treated with double the 
quantity of ammonia used above. White flaky crystals of di- 
ammonium ethyl phosphate separated [Found: N (as ammonia), 
17-25; N (by Kjeldahl’s method), 17-1; C, 15-05; H, 8-6; P, 20-4. 
(NH,),C,H,PO, requires N, 17-5; C, 15-0; H, 8-1; P, 19-4%]. 

Ammonium diethyl phosphate was obtained as colourless deli- 
quescent crystals from 1-32 g. of ammonium sulphate and 4-43 g. of 
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barium diethyl phosphate by removing the barium sulphate and 
concentrating the filtrate in a vacuum [Found: N (as ammonia), 
7-9; P, 17-6. NH,(C,H;),PO, requires N, 8-2; P, 181%]. 

The Product of the Reaction of Ethyl Metaphosphate with 
Hydrazine.—This product was prepared by the method of Strecker 
and Heuser (oc. cit.). It consisted of a pale yellow syrup (Found: 
P, 188%) and was tested as follows :—(a) 5 C.c. of a solution 
containing 0-4136 g. were shaken with benzaldehyde. The benzyi. 
ideneazine formed gradually became crystalline (0-22 g.); m. p. 91°. 

(6) On adding sodium carbonate solution and copper sulphate to a 
solution of the compound, there was a brisk effervescence of nitrogen 
and cuprous oxide was precipitated. 

(c) On adding excess of copper sulphate to a solution of the com. 
pound a fine blue crystalline powder was precipitated [Found: 
Cu, 21:3; N, 9:8; SO,, 66-1. CuSO,,(N,H,)H,SO, requires Cu, 
21-7; N, 9:7; SO,, 66-4%]. This powder was insoluble in water, 
and on addition of an alkali cuprous oxide was precipitated and 
nitrogen evolved. It contained neither phosphorus nor water, and 
the filtrate contained no hydrazine but the whole of the phosphorus 
of the compound. 

The compound thus appears to be hydrazine ethyl dihydrogen 
phosphate. It reacts with copper sulphate to give hydrazine copper 
sulphate and copper ethyl phosphate : 


N,H,(C,H)H,PO,+2CuS0,=(N,H,)H,SO,,CuSO, +Cu(C,H,)P0,. 


The Product of the Reaction of Ethyl Metaphosphate with Phenyl- 
hydrazine.—This product was prepared by the method described 
by Strecker and Heuser (Joc. cit.) and purified by repeated crystallis- 
ation from alcohol. It was tested as follows : (a) A solution of the 
compound in water containing sodium carbonate reduced copper 
sulphate in the cold. 

(6) Asolution of the compound was treated with barium carbonate; 
barium ethyl phosphate (Found: P, 10-8) was obtained from the 
filtrate on addition of alcohol. 

(c) The compound was kept for 24 hours with sodium carbonate 
solution in a stoppered bottle. The liquid then had a distinct odour 
of phenylhydrazine, and this base was extracted from it with ether 
and identified. On shaking a solution of the compound in water with 
benzaldehyde, benzaldehydephenylhydrazone, m. p. 152°, was 
isolated. 

These reactions show clearly that the compound is a salt of 
phenylhydrazine with ethyl dihydrogen phosphate. 

The Product of the Reaction of Ethyl Metaphosphate with Alanine.— 
Ten g. of alanine were boiled on a water-bath with an excess of ethyl 





ESTERS OF PHOSPHORIC ACID. PART I. 299 


metaphosphate dissolved in dry chloroform. After 10 hours all the 
alanine had disappeared and a syrup separated on the surface. This 
was separated from the chloroform and evaporated in a vacuum. 
Yield, 16-9 g. The analytical figures (Found: N, 4:15; P, 20-9%) 
correspond fairly well to those required for alanine ethyl pyrophos- 
phate, viz., N, 4:3; P,19-1%. The high percentage of phosphorus 
is probably due to the presence of ethyl dihydrogen phosphate. 

The product was tested as follows: (a) Copper carbonate was 
added to the solution. The filtrate from the excess gave a mixture 
of the copper salt of alanine and copper ethyl phosphate. Their 
complete separation was not successful on account of the great 
solubility of both salts. 

(b) Benzoyl chloride (5 g.) was added gradually to 4 g. of the pro- 
duct, the solution being kept alkaline with sodium carbonate. A 
mixture of benzoic acid and benzoylalanine was obtained. The 
benzoic acid was separated by solution in ligroin; the residue, 
crystallised from hot water, consisted of benzoylalanine, m. p. 162°, 
and contained no trace of phosphorus. 

The product thus seems to be a salt of alanine with ethyl tri- 
hydrogen pyrophosphate, which becomes a salt of ethyl dihydrogen 
phosphate on treatment with water. 

The Product of the Reaction of Ethyl Metaphosphate with Guanidine. 
—This reaction with the strongly basic guanidine was studied as a 
preliminary to the attempted preparation of a phosphorus derivative 
of arginine and of creatine. The latter combination has recently 
been described as occurring in muscle by Fiske and Subbarow 
(Science, 1928, 67, 169). 

Excess of ethyl metaphosphate dissolved in dry chloroform was 
boiled under reflux with 5 g. of guanidine carbonate for 20 hours. 
The guanidine went into solution and a syrup formed on the surface. 
The syrup was soluble in alcohol, insoluble in ether and chloroform, 
and very soluble in water. It was dissolved in water, and the solution 
evaporated to dryness in a vacuum (Found: N, by Kjeldahl’s 
method, 14-2; P, 21-5%). These figures correspond to the figures 
for guanidine diethyl pyrophosphate, which requires N, 14-2; 
P, 21-4%. 

That the compound is a salt was shown by the formation of the 
yellow crystalline guanidine picrate on addition of a concentrated 
solution of picric acid. The precipitate was separated from picric 
acid by washing with ether and had the correct m. p. of 316°. It 
contained no trace of phosphorus (Found: N, 29-3. Calc. for 
CH;N,,C,H,O,N,: N, 29-1%). This compound again is a salt of 
ethyl dihydrogen phosphate. 
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Summary. ; 

By the action cf various alcohols on ethyl metaphosphate there has 
resulted a mixture of esters of phosphoric acid and usually a mixed 
ether, sometimes a simple ether. The products are more easily 
reviewed by reference to the following list. j 


Alcohol Esters Alcohol Esters 
taken. formed. Ethers. taken. formed. Ethers. 


Ethyl Monoethyl Phenol Monophenyl Ethyl! pheny! 
Diethyl Diphenyl ' 
Propyl Monopropyl Monoethyl 
Dipropyl Dipropyl Diethyl 
Monoethyl Chol- Monochol- Ethyl chol- 
Diethyl esterol _esteryl esteryl 
Cetyl Monocetyl Ethyl cetyl Monoethyl | 
Dicetyl Dicetyl 
Monoethyl 
Diethyl 
The use of ethyl metaphosphate for preparing esters of phosphoric 
acid, on account of the mixtures produced, is not recommended. It 
has no advantage over the reaction of alcohol and phosphoric oxide. 
The reaction of ethyl metaphosphate with ammonia, hydrazine, 
alanine, guanidine, and other amino-compounds yields salts of ethyl 
metaphosphate, which are converted by water into salts of ethyl 
dihydrogen phosphate, or of diethyl dihydrogen pyrophosphate. It 
has not been possible to isolate any compound with the composition 
described by Langheld, or by Strecker and Heuser, in which nitrogen 


is directly combined with phosphorus. 


Sr. THomas’s HospiTaL 
Mepicat ScHOOL. 


WESTMINSTER SCHOOL. 
[Received, October 29th, 1928.] 





XLV.—The Preparation of a- and B-Methylglucoside. 
By Tuomas Stewart PATTERSON and JOHN ROBERTSON. 


BENG recently engaged on work in which «-methylglucoside was 
required in some quantity, we attempted to simplify Emil Fischer's 
method of preparation (Ber., 1895, 28, 1151), and found that this 
compound can be far more easily obtained merely by boiling pure 
glucose with methyl alcohol and hydrogen chloride under reflux, 
than by means of sealed tubes. We then discovered that Bour- 
quelot (Ann. Chim., 1915, 3, 298) had already prepared «-methyl- 
glucoside by boiling glucose with methyl alcohol containing 0-25% 
of hydrogen chloride for 80 hours, obtaining a yield of about one- 
tenth the glucose used, and that Hudson (J. Amer. Chem. Soc., 
1925, 47, 266), in consequence of Bourquelot’s work, had prepared 
methylxyloside and some similar compounds in an analogous way 


J 


~t 





diss¢ 
met 


THE PREPARATION OF a«- AND $-METHYLGLUCOSIDE. 301 


but in a much shorter time. These preparations, being incidental, 
are not indicated in the titles of the papers and so may easily. be 
overlooked. At this stage we received “ Organic Syntheses,” 
Vol. VI, in which the preparation of «-methyl-d-glucoside is 
described, p. 64. According to the method there given, a total 
yield of 48-5—49-5% of the theoretical may be obtained by boiling 
glucose for, altogether, 228 hours—nearly 10 days—with methyl 
alcohol containing 0-25°/, of hydrogen chloride, but this, the most 
recent procedure, does not seem to us to be by any means the 
best, and therefore it may be of use to others if we describe the 
process which we have found to be the most advantageous. It has 
been arrived at after a considerable number of trials, in which the 
time of boiling and the quantity of hydrogen chloride present were 
varied, the operations being controlled by the polarimeter. 

The quality of the glucose is an important factor in the success 
of the preparation. We used that supplied by the British Drug 
Houses as dextrose pure anhydrous. Of ’his material, 200 g. were 
dissolved in 400 g. (half the quantity recommended by Fischer) of 
methyl alcohol, carefully dried over lime and containing 3% of 
hydrogen chloride. The rotation of the resulting mixture, deter- 
mined as soon as possible after the glucose had gone into solution, 
was «7;, (100 mm.) = ca. + 10°. The solution was then boiled on 
the water-bath under reflux for 44 hours, 5 g. of good animal char- 
coal having been added 10 minutes before the end of this time. ‘The 
rotation had then risen to ca. + 36° and longer boiling produced 
little further change. In another experiment, after 24 hours’ boiling, 
the rotation was + 41-5°. 

(A) The solution was then filtered rapidly and cooled in ice- 
water with occasional stirring. In the course of # hour the reaction 
mixture formed a thick paste. The «-methylglucoside was filtered 
off and, after being washed with a little methyl alcohol, dried on 
porous plate. The yield was 82 g. of m. p. ca. 163°. 

(B) From the mother-liquor some 200 c.c. were distilled off. 
The residue, after treatment with charcoal as before and cooling 
in ice-water, etc., yielded another 44 g. of «-methylglucoside having 
m. p. 155—160°; making a total yield of 126 g. of crude product 
(61:5% of the theoretical after only a short period of boiling). 

(C) From this crude yield, after recrystallisation from methyl 
alcohol (140 g. requires 350 c.c. of alcohol) and working up of the 
mother-liquors, 92 g. of pure «-methylglucoside were obtained of 
m. p. 165—166° and rotation [«}?* (c = 1-0443 in water) = +-157-9°. 

(D) The mother-liquor from (B), cooled in a freezing mixture and 
seeded with 6-methylglucoside, yielded, on standing over-night, 16 g. 
of crude 8-methylglucoside of m. p. 98—100°. 
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(E) The mother-liquor from (C), on standing, gave, without seed. 
ing, 3 g. of crude B-methylglucoside of m. p. 104—105°. 

The crude products from (D) and (E) on recrystallisation from 
methyl alcohol yielded 10-2 g. of 8-methylglucoside of m. p. 107— 
108° and rotation [«}° (c = 0-303 in water) = — 26-38°. This, 
recrystallised from methyl alcohol, gave 4:8 g. of pure @-methyl. 
glucoside of m. p. 110° and rotation [«]j} (c = 0-276 in water) = 
— 31-97°. 

It will readily be understood that there is a disproportionate loss 
in recrystallising an easily soluble substance like 6-methylglucoside 
in small quantity, but it appears from our experiments that with a 
total time of boiling of only 4} hours it is quite easily possible to 
obtain 42-6% of the theoretical yield of «-methylglucoside and at 
least 2-5% of the theoretical yield of 8-methylglucoside or 45-19%, 
in all. From the mother-liquors still further quantities of both the 
a- and the £-derivative may be obtained, but their recovery is 
probably not worth the time spent upon it, unless the mother. 
liquors from several preparations are worked up together. 

If, after stage (B), the mother-liquors are boiled, with addition 
of more hydrogen chloride, under reflux for a further period, more 
a-methylglucoside is produced at the expense of @-methylglucoside, 
and the yield of the former can be increased. In this way, aiming 
at a maximum production of «-methylglucoside, we succeeded, in 
several preparations, in raising the yield to 75% of the theoretical, 
but this increased yield does not repay the trouble it involves. 

Although we have described the above experiment to show what 
may be obtained after 4} hours’ boiling, the best practical pro- 
cedure for the preparation of «-methylglucoside would be to boil 
over-night and work up the product next morning. 


UNIVERSITY oF GLASGOW. [Received, December 15th, 1928.] 





XLVI.—The Electrolytic Reduction of the Imides of 
Cyclic Acids (Preliminary Note). 


By KorttazatH NaRAYANA MENON and JoHN LIONEL SIMONSEN. 


THE methods available for the preparation of cyclic acids of type (I) 
are somewhat limited in number, and as we have for some time been 
interested in the synthesis of homocaronic acid (II) we attempted 
to devise a general method for their preparation. Although our 
experiments are in many respects incomplete, we have decided to 
place them on record, since we can no longer collaborate and work 
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ina related field has recently appeared (J. Indian Chem. Soc., 1928, 


5, 549). 
1) (CH,),<GHCHs'C0,H QH-CH,-CO.H qr, 
) (CHa) O-CO,H MeC<Uy.con |) 


After reviewing the literature, the most promising avenue of 
approach seemed to us to be that indicated by the following scheme : 


(Han SOD NE —> (CH, ),.<G HCH Na (Iv.) —> 


wat , CH—CO 
II H-CH 
° 2 
(V.) (CH sgt C >0O —> (L) 


So far as we are aware the only previous description of lactams of 
type (IV) is that of the isomeric «- and 8-camphidones (VI and VII) 
which were obtained on Tafel and Eckstein (Ber., 1901, 34, 3274) 


CH,*CMe-C ‘CMe:CH, ‘Hal CMe:CH, 
A | OMe, “Swe | see oot CMe, "NH 
CH,*CH-CH, dts dass H-CH, 

(VI. ' (VII.) (VIII. y 
by the electrolytic reduction of camphorimide, the fully reduced 
base, camphidine (VIII), being also formed (compare Hope and 
lankshear, P., 1913, 29, 224). We decided, therefore, to investigate 
the electrolytic reduction of the imides of some typical cyclic acids 
and selected caronimide (IX), cyclobutane-1 : 2- nig ear (X), 


CH-C CH,-CH-C 
Nn NH im NH NH 
CH,CH-C 


Ix.) (X.) aa 


B -CH, CH,°CH-CH, OH," ms 
Me NH OH, Ha ue 
CH,—-C CH,*CH—C H—-C 
(XII.) (XII1.) nay, ) 
and cyclopentane-1 : 2-dicarboxylimide (XI). The reduction of (X) 
and (XI) proceeded smoothly with formation of the expected 
lactams (XIII and XIV) and no evidence was obtained of the 
formation of the fully reduced base corresponding to (VIII); the 
yield of the reduction product from caronimide, however, was 
small (59%) and it was found that the reduction had proceeded 
futher with fission of the cyclopropane ring and formation of 
4: 4-dimethyl-2-piperidone (XII), a substance which should be 
obtainable more directly from @8-dimethylglutarimide. The electro- 
lytic reduction of caronimide proceeds, therefore, in a manner 
analogous to the catalytic reduction of carone (Iyer and Simonsen, 
J., 1926, 2049) and the reduction of caronic anhydride with sodium 
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(E) The mother-liquor from (C), on standing, gave, without seed. 
ing, 3 g. of crude B-methylglucoside of m. p. 104—105°. 

The crude products from (D) and (E) on recrystallisation from 
methyl alcohol yielded 10-2 g. of 6-methylglucoside of m. p. 107— 
108° and rotation [«}}° (c = 0-303 in water) = — 26-38°. This, 
recrystallised from methyl alcohol, gave 4-8 g. of pure #-methyl- 
glucoside of m. p. 110° and rotation [a] (c = 0-276 in water) = 
— 31-97°. 

It will readily be understood that there is a disproportionate loss 
in recrystallising an easily soluble substance like 6-methylglucoside 
in small quantity, but it appears from our experiments that with a 
total time of boiling of only 44 hours it is quite easily possible to 
obtain 42-6% of the theoretical yield of «-methylglucoside and at 
least 2-5°% of the theoretical yield of 8-methylglucoside or 45-1%, 
in all. From the mother-liquors still further quantities of both the 
a- and the (-derivative may be obtained, but their recovery is 
probably not worth the time spent upon it, unless the mother- 
liquors from several preparations are worked up together. 

If, after stage (B), the mother-liquors are boiled, with addition 
of more hydrogen chloride, under reflux for a further period, more 
a-methylglucoside is produced at the expense of $-methylglucoside, 
and the yield of the former can be increased. In this way, aiming 
at a maximum production of «-methylglucoside, we succeeded, in 
several preparations, in raising the yield to 75%, of the theoretical, 
but this increased yield does not repay the trouble it involves. 

Although we have described the above experiment to show what 
may be obtained after 44 hours’ boiling, the best practical pro- 
cedure for the preparation of «-methylglucoside would be to boil 
over-night and work up the product next morning. 


UNIVERSITY OF GLASGOW. [Received, December 15th, 1928.] 





XLVI.—The Electrolytic Reduction of the Imides of 
Cyclic Acids (Preliminary Noite). 


By KorttazatH NaRAYANA MENON and JoHN LIONEL SIMONSEN. 


THE methods available for the preparation of cyclic acids of type (I) 
are somewhat limited in number, and as we have for some time been 
interested in the synthesis of homocaronic acid (II) we attempted 
to devise a general method for their preparation. Although our 
experiments are in many respects incomplete, we have decided to 
place them on record, since we can no longer collaborate and work 
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in a related field has recently appeared (J. Indian Chem. Soc., 1928, 
5, 549). 


(I.) 


(CH,), 9 H-CHy'00,H QH-CH,-CO,H yz) 
(H-CO,H (H-CO,H 


After reviewing the literature, the most promising avenue of 
approach seemed to us to be that indicated by the following scheme : 


(CH eC PHCOSNE —> (CHE Eg >NH (V.) > 


(III.) H:CH 

V.) (CH,), t 2 
So far as we are aware the only previous description of lactams of 
type (IV) is that of the isomeric «- and $-camphidones (VI and VII) 
which were obtained by Tafel and Eckstein (Ber., 1901, 34, 3274) 


CH,*CMe-C CH,°CMe:CH, oa CMe-CH, 
| * SMe, Swe | “Ome, °SNH OMe, “SNH 
CH,-CH-CH, CH,-CH——C ba, HCH, 
(VI.) (VII.) 

by the electrolytic reduction of camphorimide, the om canine 
base, camphidine (VIII), being also formed (compare Hope and 
Lankshear, P., 1913, 29, 224). We decided, therefore, to investigate 
the electrolytic reduction of the imides of some typical cyclic acids 
and selected caronimide (IX), cyclobutane-1 eee (X), 


CH-C CH,-CH-C 
Mex [ec | NH oH | NH 
CH,-CH-C 


(IX.) (X.) cat. o 


CH,°CH, CH,°CH-CH, CH,°CH: L 
CMe NH | | NH Hs | NH 

CH,—-C H,-CH—C H—-C 

(XII.) (XITI.) (XIV. ) 

and cyclopentane-1 : 2-dicarboxylimide (XI). The reduction of (X) 
and (XI) proceeded smoothly with formation of the expected 
lactams (XIII and XIV) and no evidence was obtained of the 
formation of the fully reduced base corresponding to (VIII); the 
yield of the reduction product from caronimide, however, was 
small (59%) and it was found that the reduction had proceeded 
further with fission of the cyclopropane ring and formation of 
4: 4-dimethyl-2-piperidone (XII), a substance which should be 
obtainable more directly from @8-dimethylglutarimide. The electro- 
lytic reduction of caronimide proceeds, therefore, in a manner 
analogous to the catalytic reduction of carone (Iyer and Simonsen, 
J., 1926, 2049) and the reduction of caronic anhydride with sodium 
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and alcohol (Hariharan, Menon, and Simonsen, J., 1928, 431), 
where also the rupture of the cyclopropane ring was observed. The 
marked instability of this ring to reducing agents is noteworthy but 
cannot be considered as altogether contrary to views which have 
been expressed previously as to the effect of substituents on the 
stability of rings (inter alia, J., 1907, 91, 817; 1914, 105, 2665, 
2685; 1923,123, 113; J. Amer. Chem. Soc., 1916, 38, 1520; 1917, 
39, 1404; J. pr. Chem., 1903, 68, 156). 

The two lactams, which crystallised well, resembled closely in 
properties the isomeric camphidones. They could not be hydrolysed 
with barium hydroxide, and with nitrous acid they gave liquid 
nitroso-derivatives which, on treatment with dilute alkali solution, 
evolved nitrogen and were converted into the sodium salts of 
the corresponding hydroxy-acids, which await investigation. 


EXPERIMENTAL, 


The imides were prepared by treatment of the anhydrides with 
dry ammonia at 180°. They were readily soluble in water and the 
ordinary organic solvents. 

Caronimide (1X) crystallised from water in long prismatic needles, 
m. p. 120° (Found: N, 10-4. C,H,O,N requires N, 10-1%). 

cycloButane-1 : 2-dicarboxylimide (X) separated from chloroform- 


light petroleum in plates, m. p. 121° (Found: N, 11-5. C,H,0,N 
requires N, 112%). 

cycloPentane-1 : 2-dicarboxylimide (XI) crystallised from light 
petroleum (b. p. 40—60°) in plates, m. p. 90° (Found: N, 10-2. 
C,H,O,N requires N, 10-1%). . 

The following procedure was adopted for the reduction of the 
imides. The imide (5 g.) in sulphuric acid (50% by weight; 35 c.c.) 
was reduced for 7 hours at 0—5° with a current of 4:2 amps. ( “‘cur- 
rent concentration” 120 amps.). The ratio of the cathode surface 
to the cathode space of the reduction apparatus was 1:1. On 
completion of the reaction, the neutral reduction product was 
isolated by repeated extraction with chloroform, the acid solution, 
after neutralisation with barium carbonate and filtration, was 
distilled with the aid of a column under diminished pressure, and 
the distillate examined for basic products, which, as has already 
been mentioned, were not found. 

4: 4.Dimethyl-2-piperidone (XII), obtained (yield, 5%) by the 
reduction of caronimide, was a thick oil which showed no tendency 
to crystallise. It gave with phosphotungstic acid a white pre- 
cipitate and with phosphomolybdic acid a yellow precipitate. For 
analysis it was purified through the phosphotungstate, since the 
quantity available was insufficient for distillation (Found: C, 66:1; 
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H, 10-3; N, 11-3. C,H,,ON requires C, 66-1; H, 10-2; N, 11-0%). 
The benzoyl derivative, prepared by the Schotten—Baumann reac- 
tion, crystallised from dilute alcohol in glistening prisms, m. p. 114°. 

y-Lactam of 2-Aminomethylcyclobutane-1-carboxylic Acid (XII1).— 
The lactam (yield, 15°) crystallised from light petroleum (b. p. 40— 
60°) in plates, m. p. 127—128°. It was precipitated from its 
aqueous solution by phosphotungstic and phosphomolybdic acids 
and gave a liquid nitroso-derivative (Found: C, 64-7; H, 83; 
N, 12-6. C,H,ON requires C, 64-9; H, 8-1; N, 12-6%). 

y-Lactam of 2-Aminomethylcyclopentane-1-carboxylic Acid (XIV). 
—This lactam was obtained in a more satisfactory yield (25%) than 
that of the cyclobutane acid. It crystallised from light petroleum 
(b. p. 40—60°) in plates, m. p. 83° (Found: C, 67-1; H, 88; 
N, 11-4. C,H,,ON requires C, 67-2; H, 8-8; N, 11-2%). It was 
unaffected by treatment with barium hydroxide solution (10%) at 
180° (sealed tube), but the liquid nitroso-derivative when warmed 
with dilute sodium hydroxide solution (10%) evolved nitrogen 
with formation of the sodium salt of the hydroxy-acid, the lactone 
of which was deposited on warming the acidified solution. The 
p-nitrobenzoyl derivative, prepared by treatment of the lactam with 
p-nitrobenzoyl chloride in pyridine solution, crystallised from dilute 
alcohol in glistening leaflets, m. p. 123° (Found : N, 10-5. C,,H,,0,N. 
requires N, 10-4%). 

INDIAN INSTITUTE OF SCIENCE, 

BANGALORE. [ Received, December 28th, 1928.] 


XLVII.—Indian Turpentine from Pinus longifolia, 
Roxb. Part V. The Oxidation of d-A*-Carene 
with Beckmann’s Chromic Acid Mixture. 


By CuarLes STANLEY GrBson and Jonn LIoNEL SIMONSEN. 


AurHoueH the identification of terpenes may in many cases be 
readily effected by the preparation of crystalline derivatives (nitroso- 
chlorides, nitrosates, etc.), when complex mixtures are under 
examination these frequently fail to separate. Recently Henry and 
Paget (J., 1921, 119, 1714; 1923, 123, 1878; 1928, 70) have com- 
menced a detailed study of the oxidation of monocyclic terpenes 
with Beckmann’s chromic acid mixture and the results which they 
have obtained are of more than ordinary interest in that they 
would appear to afford a new and valuable method for the analysis 
of terpene mixtures. Before judgment, however, can be passed on 
the general diagnostic value of the method the investigation of 
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dicyclic terpenes is essential (compare Fittig and Krafft, Annalen, 
1884, 208, 71) and with Dr. Henry’s consent we have now studied 
the action of this reagent on d-A®-carene. 

The oxidation of this hydrocarbon with potassium permanganate 
(J., 1920, 117, 576; 1921, 449, 550) and ozone (Semmler and von 
Schiller, Ber., 1927, 60, 1591) has resulted mainly in the formation 
of acids containing the ¢yclopropane ring, but with the Beckmann 
reagent, owing doubtless to its strongly acidic properties, the 
oxidation proceeds in two directions, l-trans-caronic acid (V) and 
terpenylic acid (IV) being produced in relatively large yield and 
d-homoterpenyl methyl ketone (III), terebic acid, cis-caronic acid, 
and dimethylmalonic acid in small quantities. 


~~ . 
VY 

H H, HO,0 CH, 
H,C H —> 45H, CH 


H C5 HC-CMe, 
(I.) a (II.) 


wee 
HO,C oat | He : cn 
(v.) \/ (IVv.) 


HC-CMe, O CH-CMe, 


The isolation of d-homoterpenyl methyl ketone proves that the 
oxidation proceeds in accordance with the scheme set forth above, 
the primary product being the keto-acid (II), the cis-modification 
of which was prepared by Semmler and von Schiller (loc. cit.). By 
hydration and fission of the cyclopropane ring this would lead to 
homoterpenyl methyl ketone and its degradation products terpenylic 
and terebic acids; on the other hand, direct oxidation without 
fission would yield caronic acid (V). The separation, however, of 
l-trans-caronic acid was unexpected andthe possible significance of 
this is discussed below. The intermediate formation of the keto- 
acid (II) is not without interest, since it provides corroborative 
evidence that the mechanism of the oxidation of the hydrocarbon 
with potassium permanganate suggested previously (loc. cit., p. 551) 
is correct and eliminates definitely the possibility of the ethylenic 
group occupying the A?-position. 

In the case of «-pinene the direct oxidation products (pinonic 
acid, etc.) possess the cis-configuration and from analogy it might 
be expected that the same would apply in the case of A%-carene. 
This would appear to be all the more probable since a consideration 
of a model of the formula of the hydrocarbon shows the cis-con- 
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figuration to be the one involving the least strain. If this be the 
case, the keto-acid (IL) would be expected to be the cis-acid and 
should lead on further oxidation to cis-caronic acid. Our experi- 
ments have, however, shown that cis-caronic acid is formed only in 
minimal quantity, whilst /-trans-caronic acid is obtained in a large 
yield. This can only be accounted for in one of two ways: (i) that 
the hydrocarbon and the keto-acid derived therefrom have the trans- 
configuration or (ii) that, although the cis-keto-acid is first formed, 
the configuration of the acid is the less stable one and that either 
prior to or during the oxidation it passes into the more stable trans- 
form. The rearrangement, if such it be, must take place before 
oxidation to the caronic acid stage, since the acid obtained is optic- 
ally active. We incline to the view that the hydrocarbon has the 
cis-configuration and that the trans-caronic acid results from either 
the cis-keto-acid or cis-homocaronic acid, the trans-configuration of 
either the one or the other of these acids being the more stable 
form under the conditions of the experiment. We do not consider 
that we should be justified in arguing that the formation of l-trans- 
caronic acid implied a trans-configuration for the terpene, an assump- 
tion which would only be justified, as Professor Lapworth (private 
communication) has pointed out, if we could definitely prove that 
the cis-configurations of all the possible intermediate products were 
under the conditions of the experiment the most stable configur- 
ations. 

Although trans-caronic acid can now be prepared with com- 
parative ease, so far as we are aware it has not been resolved, and 
therefore we have no criteria as to the optical purity of the acid 
obtained. It is clearly a mixture of the l-acid with the dl-acid, 
since the observed rotatory power is much lower than that of a 
specimen obtained by Staudinger and Ruzicka (Helv. Chim. Acta, 
1924, 7, 206) by the oxidation of chrysanthemum dicarboxylic acid. 
These authors found that the m. p. (210°) of the levo-acid was 
almost identical with that of the racemic acid (213°): our acid has 
m. p. 202°. An attempt to increase the optical purity by crystal- 
lisation of the strychnine salt was unsuccessful. The diastereo- 
isomeric strychnine salts have apparently almost equal solubilities 
and possibly the strychnine salt of the dl-trans-caronic acid is a 
partial racemate. It would be interesting to carry out the resolu- 
tion of dl-trans-caronic acid with a view to the construction of the 
equilibrium diagram of the d- and [-isomerides. 

These experiments show that the method of Henry and Paget 
may be used as an aid in the analysis of mixtures of dicyclic terpenes. 
The formation of homoterpenyl methyl ketone and terpenylic acid 
would be of no diagnostic value, since they can originate equally 
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well from pinene, but the production of caronic acid would definitely 
prove the presence of A°-carene. At present it is impossible to say 
whether A*-carene would behave similarly, but it is hoped to examine 
the oxidation of this rare hydrocarbon under similar conditions. 

In view of the somewhat ready fission of the cyclopropane ring 
during the course of these experiments it seemed desirable to study 
once more the action of sulphuric acid on A*-carene. It was 
important to investigate this, since, if either limonene or terpineol 
resulted, the formation of some of the oxidation products would be 
readily explained. Previous experiments (loc. cit., p. 574) had 
shown that A*-carene was not attacked by aqueous sulphuric acid 
(5%) at 100° and we therefore examined the action of this acid in 
acetic acid solution. Under the conditions given on p. 310 the 
main product formed was a diterpene together with a small amount 
of a mixture of monocyclic terpenes and a trace of l-borneol. The 
last probably owes its formation to the presence of a little pinene or 
camphene in the A®-carene used. The diterpene did not yield any 
erystalline derivatives and therefore its constitution and its relation- 
ship to other known diterpenes remain undetermined. The mono- 
cyclic terpene also remained unidentified, since it did not yield any 
crystalline derivatives.* 


EXPERIMENTAL. 


A mixture of the Beckmann reagent (1500 c.c.) and d-A%-carene 
(75 c.c.) was shaken mechanically for 6 days, the bottles being 
periodically opened to release the pressure due to the generation of 
carbon dioxide. The unattacked hydrocarbon (identified as 
A’-carene) was separated, and the aqueous solution extracted with 
ether in a constant-extraction apparatus. The ethereal extract was 
washed with sodium carbonate solution (A) to remove the acidic 
products of the oxidation, dried over sodium sulphate, and evapor- 
ated. The small quantity of a viscid oil that remained was distilled 
under diminished pressure (18 mm.), the main fraction passing over 
at 200—210° (yield, 3 g. from 220 c.c. of the terpene). The oil 
was mixed with an excess of semicarbazide acetate and the semi- 
carbazone, which separated immediately, was collected, washed with 
ether to remove adhering oil, and recrystallised from water con- 

* We desire to take this opportunity of correcting a mis-statement in a 
paper by Mulany and Watson (J. Ind. Chem. Soc., 1926, 3, 258) that Indian 
turpentine contains very little pinene. The total: distillate from the oleo- 
resin from P. longifolia contains approximately 30% of a- and £-pinenes, an 
observation amply confirmed by the very careful experiments of Dupont 
(Ann. Chim., 1924, 1, 244), who found that the oil contained 2-8% of a-pinene 
and 9-7% of B-pinene. Mulany and Watson would appear to have worked 
with an abnormal oil. 
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taining a little alcohol; it then separated in aggregates of irregular 
prisms, decomp. 195—196° (Found: C, 54-9; H, 7-9. C,,H,03N, 
requires C, 54-8; H, 7-9%). The rotatory power was determined 
in alcoholic solution at 20°: c = 0-1998, 1 = 4, a5,,, = + 0-40°, 
whence [«];44; = + 49-9°. 

The semicarbazone, which was insoluble in sodium carbonate 
solution, was hydrolysed by warming with dilute sulphuric acid 
(5%), and the d-homoterpenyl methyl ketone thus formed extracted 
with ether. After removal of the solvent the residual oil rapidly 
solidified and then crystallised from water in radiating needles, 
m. p. 42—43° (Found : C, 64-9; H, 8-7. Calc.: C, 65-2; H, 8-7%). 
The rotatory power was observed in aqueous solution at 20°: ¢ = 
04902, l= 4, a54¢, = + 1-:09°, whence [«];,,, = + 557°. The 
identity of this ketone with d-homoterpenyl methyl ketone was con- 
firmed by its oxidation to terpenylic acid by Wallach’s method 
(Annalen, 1893, 277, 118). The acid, after crystallisation from 
water, melted at 57°, and at 88—89° after drying over sulphuric acid. 

The sodium carbonate solution (A) was concentrated in a current 
of carbon dioxide, extracted twice with ether to remove any neutral 
oil, acidified, and repeatedly extracted with ether. The dried 
ethereal extract on evaporation yielded an oil which partly crystal- 
lised. The solid acid (10 g.) was collected, washed with ether to 
remove liquid acids (B), and purified by crystallisation from hot 
water, from which it separated in glistening prisms which melted 
not quite sharply at 201—202°. This m. p. was not altered by 
recrystallisation from water or by purification through the ammon- 
ium salt. The identity with /-trans-caronic acid was proved by 
analysis (Found: C, 52-9; H, 6-4; M, 159-1. Cale.: C, 53-2; 
H, 63%; M, 158) and by its conversion into cis-caronic acid, m. p. 
174°, which was unchanged on admixture with an authentic speci- 
men. The rotatory power was determined in alcoholic solution at 
20°: ¢ = 1-9054, 1 = 4, a54,, = — 0-94°, whence [«];4,, = — 12:3°. 
For reasons which have already been given, a portion of the acid 
was converted into the strychnine salt, which crystallised from 
water, in which it was somewhat readily soluble, in long needles. 
The m. p. and the rotatory power of the acid regenerated from the 
crystalline strychnine salt and from the strychnine salt remaining 
in the mother-liquor were identical with each other and with the 
above ([«]:4¢, — 11-4° and — 12-46° respectively). 

The liquid acids (B) (30 g.), from which the l-trans-caronic acid 
had been separated, were heated with an equal volume of acetyl 
chloride on the water-bath for some hours. The excess of acid 
chloride was removed and after the addition of ether the well-cooled 
solution was washed with dilute sodium carbonate solution (C) 
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and dried and the ether evaporated. The residual oil (7 g.) was 
esterified with alcohol and sulphuric acid, and the ester distilled 
under diminished pressure (10 mm.); the main fraction (3 g,) 
passed over at 140—160°. This was hydrolysed with methyl. 
alcoholic potassium hydroxide solution and, after removal of the 
alcohol, the acidified solution was extracted with ether. Removal 
of the solvent left a thick oil which partly crystallised. After 
draining on porous porcelain, the solid acid was recrystallised from 
water and was identified as cis-caronic acid, m. p. 174°, both alone 
and after admixture with an authentic specimen. The higher- and 
lower-boiling fractions of the ester gave on hydrolysis oils which 
showed no tendency to crystallise and were not further examined. 

The sodium carbonate solution (C), after concentration in a 
current of carbon dioxide, was acidified and extracted with ether. 
The liquid acid obtained was esterified, and the ester repeatedly 
fractionated under diminished pressure (16 mm.); ultimately three 
fractions were obtained, (i) below 140°, (ii) 140—155°, and (iii) 155— 
173°. Fraction (i) (3 g.) on hydrolysis with methyl-alcoholic 
potassium hydroxide solution gave a liquid acid smelling strongly 
of a lower fatty acid (? isobutyric acid) which on long keeping 
deposited crystals. After draining on porous porcelain and crystal- 
lising from a little water, the acid was found to decompose at 185°, 
and further crystallisation from benzene raised this to 188—190°. 
This acid was dimethylmalonic acid (Found: M, 131-+8; cale., 132). 

Fraction (ii) (4 g.) gave on hydrolysis a small amount of a crystal- 
line acid which after purification from water had m. p. 173—174° 
and was identified as terebic acid by the method of mixed m. p. 

Fraction (iii) (15 g.) boiled at 168—173°/16 mm. on redistillation 
and when cooled in a freezing mixture crystallised in needles, 
m. p. 37—38°. This was identified as ethyl terpenylate by hydro- 
lysis to the acid, which after crystallisation from water had m. p. 
57°, the m. p. rising after dehydration. over sulphuric acid to 90°. 
The composition was confirmed by titration with cold and _ hot 
alkali (Found: M, 187, 189-1; calc., 190). 

Action of Sulphuric Acid on d-A®-Carene—A mixture of the 
hydrocarbon (100 g.), acetic acid (250 g.), and sulphuric acid (50%; 
10 g.) was heated at 60° (thermostat) for 4 hours. The solution, at 
first homogeneous, gradually separated into two layers. After 
cooling, the acid was removed by the addition of sodium carbonate, 
the oil separated, mixed with an excess of alcoholic potassium 
hydroxide solution, and heated on the water-bath for 3 hours. 
After the addition of water, the oil was again separated, dried over 
potassium carbonate, and repeatedly fractionated under diminished 
pressure; ultimately the following fractions were obtained, (i) 
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below 120°/100 mm., (ii) 120--140°/100 mm.., (iii) 180—185°/15 mm., 
(iv) above 185°/15 mm. 

Fraction (iii), which was the main product of the reaction, distilled 
at 175°/10 mm. and its analysis corresponded to that of a diterpene 
(Found: C, 87-6; H, 11-7. C, >H5. requires C, 88-2; H, 11-8%). 
When freshly distilled over sodium, the diterpene is a colourless, 
very viscid oil with a somewhat unpleasant smell; it rapidly 
becomes yellow on exposure to the air. In chloroform solution, 
bromine is absorbed with evolution of hydrogen bromide. Dis- 
solved in acetic acid, a drop of sulphuric acid produces a deep red 
coloration which slowly changes to violet and finally to a dirty 
brown. The following constants were observed: d3. 0-9309, 
ny 1-5168, [o]}2%5, -+ 5-69°. 

Fraction (iv), which was a viscid oil with no definite boiling point, 
was not further examined. 

Fractions (i) and (ii) were systematically fractionated at the 
ordinary pressure (755 mm.). The main fraction distilled at 174— 
176° and after distillation over sodium had d3%. 0-8500, n* 1-4750, 
[a}3, — 65°. Treatment with bromine in either acetic acid or 
amyl-alcoholic solution gave an oil, and no crystalline nitrosate or 
nitrosite was obtained. The hydrochloride (b. p. about 115°/15 mm.) 
did not crystallise when cooled. In acetic anhydride solution the 
liquid gave no colour with sulphuric acid, showing the absence of 
sylvestrene. With the material available, further experiments were 
not possible, but neither m- nor p-cymene appeared to be present in 
appreciable quantity. 

After removal of the terpene a small fraction, b. p. 195—205°/755 
mm., was obtained which partly crystallised on keeping. The solid 
was collected (3 g. from 300 g. of terpene), drained on porous 
porcelain, and recrystallised from dilute alcohol; it then separated 
in glistening plates, m. p. 204—-205° (sealed tube). It was identified 
as l-borneol (c = 1-218 in alcohol, 1= 4, « = — 1-:31°, whence 
[a] = — 26-9°) by the preparation of the p-nitrobenzoyl deriv- 
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ative, m. p. 136—137° (compare Henderson and Heilbron, P., 1913, 
29, 381). 


We wish to express our thanks to Mr. P. H. Guest, Manager of the 
Jallo Turpentine Factory, Punjab, for the gift of the carene used in 
thiswork. We also acknowledge our indebtedness to Messrs. Imperial 
Chemical Industries Ltd. and to the Government Grant Committee 
of the Royal Society for grants by means of which the necessary 
apparatus and chemicals (respectively) have been purchased. 


Guy’s Hosprrat Mepicat ScHooL, 
(University or Lonpon), S.E.1. [Received, December 28th, 1928.] 
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XLVIII.—Nitrosylsulphuric Acid. Part II. 


By Cyrm W. Harr Jones, Witt1am JoHN PRICE, and 
Harry Wit1iamM WEBB. 


FurRTHER evidence for the presence of a hydroxyl group in nitro. 
sylsulphuric acid (III) (compare Part I, J., 1926, 1219) has been 
obtained by the synthesis of the acid from chlorosulphonic acid and 
nitrogen tetroxide. An attempt to synthesise the corresponding 
dinitrosyl sulphate, SO,(O-NO),, from sulphuryl chloride and 
nitrogen tetroxide was unsuccessful. We were also unable to 
obtain this substance from silver nitrite and sulphuryl chloride, or 
by heating nitrosylsulphuric acid under pressure with nitrogen 
tetroxide. 

A comparison of the action of nitrogen tetroxide on some of the 
substances we have examined is of interest. With (II) and ba! it 


Og Cl Oss OH, O: 7 
O>S<ql O>S<G —> 0>8<o.NG <— 0° S<On 
(L.) (IT.) (IIt.) (IV.) 


gives (III) as the final product, whereas with ([) it does not react. 
These facts suggest that the type of reaction under examination 
occurs only when the transient formation of the substance 0,S—O 
is possible, a suggestion for which there is some evidence in the 
reaction between nitrogen tetroxide and sulphuric acid. The 
modification in the properties of the second hydroxyl group in 
sulphuric acid caused by the substitution of the nitroso-group for 
the other hydrogen atom is remarkable and appears to be parallel to 
the activity of chlorine in chlorosulphonic acid as compared with its 
inactivity in sulphuryl chloride, towards nitrogen tetroxide. The 
facts appear to be difficult of explanation on the octet theory if 
the sulphur—-oxygen double bonds are assumed to be semipolar, but 
further experimental work is in progress to elucidate this point. 
Nitrosylsulphuric Anhydride——Some confusion appears to exist 
concerning the structure and methods of preparation of this 
anhydride. From sulphur dioxide and nitrogen tetroxide, Pro- 
vostaye (Ann. Chim. Phys., 1840, 73, 362) obtained a substance of 
empirical formula S,N,0,, which he regarded as the anhydride, and 
Rose (Pogg. Ann., 1839, 47, 605) and Briining (Ann. Chem. Pharm., 
1856, 98, 377) prepared a substance of similar properties from nitric 
oxide and sulphur trioxide to which they gave the formula 
2S0,,N,0;. On the other hand, Berl (Z. angew. Chem., 1910, 23, 
2250) repeated this work and obtained a product 480;,N,0;, but 
from nitrogen pentoxide and sulphur dioxide he prepared a substance 
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with the properties of the anhydride to which he ascribed the con- 
stitution S,0;(O-NO),. Also Manchot (Ber., 1926, 59, 2672) 
further examined Rose and Briining’s method and gave to his product 
the formula 2SO,,NO. 

We have attempted to prepare the anhydride by the following 
methods: (a) from liquid sulphur dioxide and nitrogen tetroxide, 
(6) from sulphur trioxide and nitric oxide, (c) by distillation of 
nitrosylsulphuric acid with phosphoric oxide, (d) from nitrogen 
tetroxide and pyrosulphuric acid, (e) from nitrogen tetroxide and 
pyrosulphuryl chloride. 

From (a) we isolated a product of empirical formula S,N,0O,, 
which was completely decomposed by water into sulphuric and 
nitrous acids and was soluble in concentrated sulphuric acid without 
decomposition. On distillation, a hard crystalline substance of 
indefinite melting point was obtained with similar chemical properties 
but of empirical formula 5SO,,2N,0,. Methods (b) and (c) both 
yielded the same product directly, whereas methods (d) and (e) 
yielded the same initial product as in (a). 

Methods (d) and (e) afford evidence that the anhydride has the 
structure O-NO-SO,°0°SO,°O-NO, which is in agreement with the 
properties of the substance. We have hitherto obtained no experi- 
mental evidence which supports the alternative structure for 
nitrosylsulphuric acid suggested in Part I (loc. cit.). The anhydride 
is unstable to heat, being partly decomposed on distillation into 
sulphur trioxide and nitric oxide. The compound 5S0,,2N,0, is 
formed by the combination of sulphur trioxide with the anhydride 
and should be represented by the formula 2{2SO,-N,0,},SO., there 
being one molecule of sulphur trioxide to two of the anhydride. In 
our experiments this substance was produced directly at the 
ordinary temperature when excess of sulphur trioxide was present 
(Method 6); it is remarkably stable, having no resemblance to the 
theoretically analogous pyrosulphuric acid. Its chemical properties 
are Similar to those of the anhydride ; it is completely decomposed by 
vater into sulphuric and nitrous acids and is soluble in concentrated 
wlphuric acid. 

The reaction between sulphur dioxide and nitrogen tetroxide under 
pressure at laboratory temperature is represented by the equations 


the sole products of the reaction being the anhydride and the green 
liquid trioxide. 

The reaction between sulphur trioxide and nitric oxide has a 
uegative temperature coefficient, for the yield of anhydride at 100° is 


very small, whereas at 10° it is readily formed with evolution of an 
M 
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equivalent quantity of sulphur dioxide : SO, + 2NOZSO, + N,0,, 
the anhydride then being formed as before. 

The reaction between pyrosulphuric acid and nitrogen tetroxide is 
analogous to that of sulphuric acid. In the case of pyrosulphury| 
chloride we obtained no evidence of the formation of nitroxy| 
chloride (NO,Cl), which might theoretically be expected, nitrosyl 
chloride being produced. 

It is suggested that the ready absorption of sulphur trioxide by 
the anhydride affords an explanation of the discrepancies in the 
composition of the anhydride previously found by different workers. 


ExPERIMENTAL. 


Liquid nitrogen tetroxide was purified by the addition of a little 
fuming nitric acid and phosphoric oxide and subsequently distilled. 

Preparation of Nitrosylsulphuric Acid.—The liquid tetroxide was 
slowly added in equimolecular proportion to chlorosulphonic acid 
in a moisture-free atmosphere. Nitrosyl chloride was vigorously 
evolved, and the residual crystalline substance was collected on 
asbestos and dried in a vacuum (Found : N, 10-73; 8, 25-31. Calec.: 
N, 11-02; S, 25-10%). The methods of analysis of this and sub. 
sequent products were those described in Part I (loc. cit.), except 
that the nitrous acid was determined by the modified method of 
Wilkins and Webb (J. Soc. Chem. Ind., 1926, 45, 304). 

Nitrosylsulphuric Anhydride.—(a) Interaction of sulphur dioxide 
and nitrogen tetroxide. Equal volumes of liquid sulphur dioxide 
and nitrogen tetroxide were sealed in a glass tube and kept for 
24 hours at 18—20°; the residue then consisted of the green 
liquid nitrogen trioxide and the crystalline anhydride (Found: 
N, 11-96, 12-07, 11-97; 8S, 26-53, 26-43, 26-62. Calc. for 
S,N,0,: N, 11-87; 8S, 27-14%). On distillation, this substance 
gave sulphur trioxide and nitric oxide, together with a compound 
of b. p. 324—326° (Found, in separate preparations: N, 10-46, 
10-45, 10-38, 10-39, 10-42; S, 28-75, 28-60, 28-78, 28-75, 28-80. 
5S0,,2N,0, requires N, 10-14; S, 28-95%). 

(b) Interaction of sulphur trioxide and nitric oxide. The nitric 
oxide, prepared by dropping 50% sulphuric acid on a concentrated 
solution of sodium nitrite and potassium iodide, was purified 
successively by concentrated sulphuric acid and solid potassium 
hydroxide. The suiphur trioxide was prepared by warming pyro- 
sulphuric acid. The reaction was first examined by passing the 
two gases at controlled rates through a long, jacketed, glass tube 
maintained at temperatures from 10° to 100°. The rate of reaction 
at the higher temperatures was negligible, and the procedure was 
modified by leading nitric oxide into sulphur trioxide at 10°. The 
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gas was rapidly absorbed with evolution of an equivalent volume 
of sulphur dioxide. At first the excess of sulphur trioxide was 
removed from the product by gentle warming in a stream of dry air, 
but it was found that the final product obtained was identical with 
that resulting from the direct distillation of the impure substance, 
and the latter procedure was ultimately adopted as being more 
convenient and giving a purer product [Found, (1) in undistilled 
product : N, 9-86, 10-05; S, 28-88, 28-76; (2) in distilled product : 
N, 9°75, 9°97; S, 28-89, 28-80. Cale. for S;N,0,,: N, 10-14; 
§, 28-95%]. 

(c) Distillation of nitrosylsulphuric acid with phosphoric oxide. 
Dry nitrosylsulphuric acid was heated with an excess of phosphoric 
oxide at 180° until oxides of nitrogen ceased to be evolved. When 
the temperature was raised to 324—326°, an oily product dis- 
tilled which solidified to a hard, white, crystalline mass (Found : 
N, 10-51, 10-43, 10-36, 10-38; S, 28-51, 28-77, 28-69, 28-72%). 

(d) Nitrogen tetroxide and ~wpyrosulphuric acid. Crystalline 
pyrosulphuric acid and liquid nitrogen tetroxide were mixed in 
various proportions in a sealed tube and kept at 15° for 2 hours. 
The residue consisted of the anhydride (Found: S, 26-78, 27-41; 
N, 11-38, 11-70%) and a mother-liquor containing nitric acid, and 
on long standing, these interacted, causing partial conversion of the 
anhydride into nitrosylsulphuric acid. 

(e) Pyrosulphuryl chloride and nitrogen tetroxide. Nitrogen 
tetroxide was added slowly with constant shaking to pyrosulphuryl 
chloride in a moisture-free atmosphere at the ordinary temperature. 
Nitrosyl chloride was rapidly evolved and crystals of nitrosylsulphuric 
amhydride separated (Found : 8, 26-50, 26-43; N, 11-28, 11-40%). 
An identical product was obtained by using liquid nitrogen trioxide 
instead of the tetroxide. 


Summary. 


Nitrosylsulphuric acid has been synthesised from chlorosulphonic 
«id. The reactivity of nitrogen tetroxide with certain substances 
tas been examined and has led to the suggestion of a mechanism for 
the formation of nitrosylsulphuric acid. The anhydride has been 
wepared by several methods, two of which throw light on its 
tructure. With sulphur trioxide the anhydride yields a stable 
mplex, 2(S,N,0,),SO3. 


TecHNICAL CoLLEGE, ASTON, 
BIRMINGHAM. [ Received, December 4th, 1928.] 
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XLIX.—The Parachor and Chemical Constitution, 
Part X. Singlet Linkages in Chelated Co-ordin- 
ation Compounds. 

By SaMvuEL SUGDEN. 


In Part V of this series (J., 1927, 1173), the author suggested that 
the metallic derivatives of the 8-diketones possessed the structure 
shown by the electronic formula (I).* Here both the oxygen atoms 
of the diketone are attached to an equivalent of the metal X by 
singlet linkages. According to the general theory of Sidgwick 
(“ The Electronic Theory of Valency,” Oxford Univ. Press, 1927, 
52 et seq.), these substances would have the structure (II), in which 
the bond between one oxygen atom and the metal is a “‘ co-ordinate 
link,’’ i.e., a duplet link in which one atom (oxygen) supplies both 
electrons. There is now ample stereochemical evidence for assum- 


— R—C—O \ 
La Y 
(L.) CH Ss CH >x(-) (IL) 


S 
R=0=0” R=C=0? (+1) 


ing that the linkages to the metal in these substances are “‘ directed ” 
linkages (compare Burgess and Lowry, J., 1924, 125, 2081; Mills 
and Gotts, J., 1926, 3121; Mann and Pope, ibid., p: 2675), so that 
other formulz involving polar bonds need not be considered. 

The main object of this investigation was to ascertain whether the 
metallic derivatives of 8-diketones exhibited the parachor anomaly 
which has been found in other compounds containing singlet linkages, 
e.g., phosphorus and antimony pentachlorides (Sugden, loc. cit.). 
Compounds of uni-, bi-, and ter-valent metals with different 
chelate groups have been examined, and in each case the expected 
deficiency in the parachor has been found. Before considering the 
experimental results it is convenient to point out one difference 
between the implications of the singlet and the duplet formule for 
these substances which appears to be of considerable importance. 

It was first suggested by Lowry (Trans. Faraday Soc., 1923, 18, 
285) that the effective charges of each atom in the molecule could be 
calculated by reckoning each shared electron at half its value. 
Numerous recent investigations on the dipole moments of molecules 
calculated from dielectric constants have shown that this hypothesis, 
whilst not strictly accurate, is substantially correct. According to 
Lowry’s hypothesis, all organic compounds except those containing 


* In these formule each link represents one shared electron, and the supe! 
script numbers give the number of unshared electrons. 
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polar bonds (or semipolar double bonds) should have zero moment; it 
isfound that ketones, alcohols,amines, etc.,do exhibit a small moment 
of about 1—2 x 10-8 e.s.u., but this is much less than the moment 
corresponding to unit opposite charges on adjacent atoms separated 
by an atomic diameter (say 10 cm.), viz., 4:8 x 1078 e.s.u. 
Moments of this magnitude are only found with compounds, ¢.g., 
nitrobenzene, which contain a semipolar double bond; hence the 
net atomic charges calculated on Lowry’s hypothesis will probably 
be nearly correct. When this method is applied to formule (I) and 
(II), it is readily seen that (I) gives neutral atoms whilst (IT) gives a 
negative metal atom attached to a positive oxygen atom. This, in 
the author’s opinion, is highly improbable, not so much because 
the existence of a dipole is postulated, but because the charges 
ascribed to the atoms are directly opposed in sign to those which 
would be expected from their known electron affinity. Thus for the 
stable aluminium acetylacetonate, formula (II) gives an aluminium 
atom with three negative charges attached to three positively charged 
oxygen atoms; if such a structure were formed, it seems probable 
that the electronegative oxygen, with its high affinity for electrons, 
would abstract an electron from the electropositive aluminium atom, 
giving a rearrangement of linkages which would neutralise the atomic 
charges, é.g., (I). 


With the pentachlorides of phosphorus and antimony the polarity 
argument has not the same cogency. Here the duplet formula 
gives neutral atoms whilst the singlet formula gives a positive charge 
to the phosphorus or antimony, and a negative charge to two of the 
halogen atoms. These charges are, of course, compatible with the 
electrochemical character of the elements concerned. 


(1) Thallium Compounds. 


The work on thallium compounds has been greatly facilitated by 
the kindness of Dr. R. C. Menzies in lending specimens of thal- 
lus ethoxide, ethyl thalloacetoacetate, and dimethylthallium 
benzoylacetone. The parachors of these and other thallium com- 
pounds are collected in Table I and are used to determine the atomic 
parachor forthallium. The calculation of =[P] for the co-ordinated 
compounds (omitting the constant for thallium) is illustrated by 
the case of ethyl thalloacetoacetate : 

i =6x 48 = 28-8 For the singlet formula the con- 
H,= 9 x 17-1 = 153-9 tribution due to two singlet linkages, 
0, = 3 x 20-0 = 60-0 2 x (—11-6), must be _ included. 
2Non-polar double bonds = 46-4 Hence 
-Membered ring = 61 

2[P] (duplets) = 295-2. 2[P] (singlets) = 272-0. 


It will be seen that the full value for the six-membered ring is 
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TaBLeE I. 
Singlets. 


—_— oor 

Substance. Formula. [P] obs. ek hs 33 7, 

Ethyl thalloaceto- 
acetate 

Dimethylthallium 

benzoylacetone ... Me,TIC,,H,O, 523-7 459°1 646 482-3 41-4 

Mean 62-4 Mean 39-2 


TIC,H,O, 332-2 272-0 60-2 2952 374 


[P] obs. 2([P]. Tl. 

Thallous ethoxide ... TIOEt 177°3 115-1 62-2 
Thallous formate ... TICHO, 150-3 80°3 70-0 
Thallous acetate ... TIC,H,O, 183-5 119-3 64-2 
Thallous nitrate ... TINO, 177-3 92-5 (84-8) 
Mean (excluding nitrate) 65-5 


included in both cases, although in the singlet formula this ring 
contains two singlet linkages. This treatment gives satisfactory 
results with all the cyclic co-ordinated compounds discussed in the 
present paper, even when the ring contains a larger number of 
singlets. Another point which should be mentioned is that no 
correction is introduced for the variation in size of the shell of 
electrons around the metallic atom. It will appear later (p. 323) 
that the size of this shell has no effect upon the parachor. 

The two co-ordinated thallium compounds give Tl = 62-4 for 
the singlet formula, and Tl = 39-2 for the duplet formula. The 
simpler compounds of known structure in the lower part of the table 
show clearly that the first of these figures is correct and that the lower 
value given by the duplet formula is inadmissible. Thallous nitrate 
gives an abnormally high value for which no explanation can be 
offered at present. A similar large positive anomaly has been 
found with other salts of strong acids and bases and with certain 
fused metals, and will be discussed in a later paper. From all the 
thallium compounds except the nitrate the mean parachor is Tl = 64. 

Further evidence in favour of this value is furnished by the 
constants for the adjacent elements in the periodic table, viz., 
mercury and lead. For metallic mercury [P] = 69-4; for mercury 
diphenyl [P] obs. = 448-7, =[P] = 380-0, whence Hg = 68-7. A 
carefully purified specimen of lead tetraethyl, for which the author is 
indebted to Dr. E. W. J. Mardles, gave [P] obs. = 456-6, =[P] = 380-4, 
whence Pb = 76-2. The sequence Hg = 69, Ti = 64, Pb = 76 is 
reasonable, but the value Tl = 39 is inconsistent. It is evident 
that the co-ordinated thallium compounds exhibit the parachor 
anomalies predicted for the singlet linkages in formula (I). 


(2) Beryllium Compounds. 


The parachors of three beryllium compounds are given in Table II; 
these substances were all prepared from a highly purified specimen 
of the oxide for which the author is indebted to Prof. J. F. Spencer. 
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TaBLeE II. 
Singlets. Duplets. 


—_ -—_——-. ————, 
Substance. Formula. [P]obs. 2[P]. Be. 2[P]. Be. 
Beryllium acetyl- 
acetonate Be(C;H,O,). 470-4 426-0 444 472-4 — 2-0 
Beryllium propionyl- 
acetonate Be(C,H,O,). 539-0 5040 35:0 550-4 —11-4 
Basic beryllium 
propionate Be,O(C;H,;0,), 985:4 849-6 34-0 1035-2 —12-4 
Mean 37-8 Mean — 8-6 


For this element there are no suitable fusible compounds of 
known constitution which can be used to determine the atomic 
parachor independently, but a limit can be set by assuming that it 
must lie between the constants for the adjacent elements, lithium 
and boron. The data of Jaeger (Z. anorg. Chem., 1917, 101, 1) for 
fused lithium salts give rather variable results but indicate that 
Li = ca. 50, whilst the constant for boron is 16-4 (Etridge and 
Sugden, J., 1928, 989). The value Be = 37-8 given by the singlet 
formula is compatible with these results, whereas the negative value 
given by the duplet formula is quite inadmissible. 

The third compound in the table is one member of a series of 
beryllium compounds of a peculiar type. The disposition of the 
atoms in the molecule of the corresponding acetate has been estab- 
lished by X-ray analysis of the crystals (Bragg and Morgan, Proc. 
Roy. Soc., 1923, A, 104, 437; Morgan and Astbury, ibid., 1926, A, 
112, 441). A unique oxygen atom occupies the centre of a tetra- 
hedron at the corners of which the beryllium atoms are situated, 
and the six acyl groups span the six edges of the tetrahedron (III). 


Be 
~~ of 
\ a 





This formula is readily interpreted in terms of singlet linkages as 
shown in (IV); it consists of six interlocked six-membered rings of 
which only one is shown in detail in the formula. Here, as in the 
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singlet formule for the acetylacetonates, etc., all the atoms in the 
molecule are neutral, and the acyl groups are disposed in such a 
manner as to give the symmetrical arrangement of the oxygen atoms 
required by the X-ray evidence. If the singlet linkages are replaced 
by duplets, unlikely polarities are produced : the beryllium atoms 
become negative and the central oxygen atom is assigned a charge 
of + 2, which is highly improbable. 

An attempt was made to determine the parachor of the acetate, 
but its high vapour pressure at its melting point causes such rapid 
evaporation that trustworthy surface tension data have not yet been 
obtained. The next homologue has a much lower melting point and 
could be more easily handled; its parachor quoted in Table II is in 
good agreement with formula (IV), but is incompatible with the 
similar formula in which the singlet linkages are replaced by duplets. 
In computing [P] calc. for this substance the constant for the ring 
system is taken as that of 6 six-membered rings. 


(3) Aluminium Compounds. 


Table IIT shows the parachors of three aluminium compounds, of 
which the first two contain three 6-diketone residues so that the 
difference between the values of =[P] calculated for the singlet and 
duplet formule is large. Here again the singlet formula gives a 
reasonable atomic parachor, Al = 38-6, whereas the duplet formula 
gives a negative constant. The value given by the singlet formula 
lies satisfactorily between the constants for sodium (ca. 80, from 
Jaeger’s data on fused salts) and silicon (ca. 25); it is also between 
the constants for boron (16-4) and gallium (50-0), the last value being 
calculated from the observations of Richards and Boyer (J. Amer. 
Chem. Soc., 1921, 43, 274) on molten gallium. 

The third substance in Table III, aluminium bromide, presents 
some features of special interest. Its molecular weight as vapour, 
and in most solvents, corresponds to Al,Br,, and the fused substance 
has practically no electrical conductivity for 100° above its melting 
point. The polar formula Al’*[AIBr,]’” is therefore excluded and 
the substance must be regarded as a covalent compound. The 
simplest symmetrical formula which can be written for the double 


TaB.eE III. 
Singlets. Duplets. 


—"—__,, —_ 
Substance. Formula. [Pjobs. [P]. Al. J[P]. Al. 
Aluminium acetyl- 
acetonate Al(C;H,O,); 680-5 639-0 41:5 7086 —28-1 
Aluminium propiony]- 
acetonate Al(C,H,O,); 788-0 756-0 32:0 8256 —37°6 
Aluminium bromide... Al,Br, 457-6 373-2 42:2 419-6 +19-0 
Mean 38-6 
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molecule is shown with singlet linkages in (V) and with duplet 

linkages in (VI). It will be seen from Table III that (V) gives a 

parachor for aluminium which agrees with that found from the 

8-diketone derivatives, whereas (VI) gives a result which differs 

from the parachor given by these substances with either singlet or 

duplet formulz. Moreover, (V1) is open to objection on the grounds 
(+1) 


Br® Bré ré Bré r4 r6 
en ey Oe 
eo oy. Bré >. OP, ay \Bré 
(+1) 
(V.) (VI.) 


of polarity, for it postulates negative aluminium atoms and positive 
bridging bromine atoms. 


(4) Unco-ordinated Derivatives of B-Diketones. 


In the course of this work several substances have been found 
which behave as if they possess an open-chain structure and do not 
contain the characteristic chelate ring : their parachors are collected 
in Table IV, which includes the free diketones as well as certain 
derivatives. It has frequently been assumed that a hydrogen atom 


TABLE IV. 
[P] cale. [P] cale. 
(open (co-ordinated ; 
Substance. Formula. [P]obs. chain). singlets). 
Acetylacetone C;H,0, 245-4 247-2 230-1 
Propionylacetone ... C,H,,0, 279-7 286-2 269-1 
Benzoylacetone Cy9H 1902 382-4 381-1 364-0 
Boron acetylacetone 
difluoride (C;H,0,)BF, 300-6 297-5 280-4 
Stannic _ bisacetyl- 
acetone dichloride (C;H,O,),SnCl, 617-2 627-5* 591-3* 


* Sn = 56-5. This value is based on the parachors of stannic chloride and 
bromide, the determination of which will be described in a later communic- 
ation. 


can be linked to two other atoms, as in the anion of dimeric hydro- 
fluoric acid, F-H-F’, and can complete a chelate rihg, thus giving a 
cyclic structure to the enol form of the free 8-diketones. On theore- 
tical grounds this structure is possible if the two links are singlets, 
but the hypothesis of two duplet links proceeding from a hydrogen 
atom appears to be incompatible with Pauli’s exclusion principle 
(Z. Physik, 1925, 31, 765), which plays such an important part in 
modern theories of spectra and atomic structure. The number of 
electrons which can occupy the K-level in any atom is limited 
strictly by Pauli’s rule to two, and in the modern wave-mechanics 
theory of covalent linkages this restriction holds for shared electrons 
M2 
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also (compare Heitler and London, ibid., 1927, 44, 455; London, 
ibid., 1928, 46, 455). Hence the singlet structure —-H— is possible, 
but not the duplet structure —H—. 

The experimental results show, however, that the free 8-diketones 
have but little tendency to form the chelate ring. Propionylacetone 
gives a parachor a little smaller than the value calculated for the 
open-chain formula, and this may be due to the presence of some 
30% (10%) of the cyclic isomeride. In making this estimate, the 
influence of the change from the keto to the enol (or dienol) structure, 
which might cause a small decrement due to the pressure of a free 
hydroxyl group, has been ignored for the following reasons. (1) The 
decrement is only 4—5 units in the lower alcohols and diminishes 
rapidly as the homologous series is ascended, so it would not be 
expected appreciably to affect the parachor in question. (2) By 
his bromine titration method, K. H. Meyer (Ber., 1912, 45, 2843) 
finds that pure acetylacetone is 76% and benzoylacetone 98°, 
monoenolic ; their parachors agree well with the values calculated 
for the diketone formula (Table IV), so the effect of enolisation is 
negligibly small. 

The parachors found for the last two substances in the table are 
unexpected, but show quite definitely that these compounds are 
mainly open-chain derivatives of acetylacetone, ¢.g., 

CH,°CO-CH:C(OBF,)-CH3. 

This boron compound, examined by Morgan and Tunstall (J., 1924, 
125, 1965), differs markedly in its properties from the well-known 
bisacetylacetone boronium chloride. The fluoride is definitely a 
covalent compound, whilst the chloride gives rise to a series of 
salts in which the ionised chlorine atom is replaced by a number of 
other anions. In the tin series (Morgan and Drew, ibid., p. 375) 
the bromide possesses properties somewhat different from those of 
the chloride and may have a different structure. 

It is clear from the data in Table IV that a derivative of a §-di- 
ketone or any similar compound which contains chelate groups is 
not necessarily co-ordinated, and that the formation of the charac- 
teristic chelate Tring can be detected by means of the parachor. 
An interesting field of investigation presents itself in the study of 
the conditions which favour or inhibit the formation of the ring; 
from the few results at present available it is clear that the nature 
of the metallic atom, the other groups attached to this atom, and the 
substituents attached to the $-diketone molecule may all play a 
part. In particular, the somewhat large variation in the atomic 
constants for beryllium and aluminium (see Tables II and III) may 
be due to incomplete co-ordination of the acetylacetonates at their 
melting point, whilst the other derivatives with lower melting points 
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are more completely co-ordinated. To settle this point, an investig- 
ation of the parachors of a number of beryllium compounds with 
different types of chelate groups is now in progress. 


Discussion. 


It is evident from the results described in sections (1), (2), and (3) 
that the parachor anomaly detected in the higher halides is repro- 
duced in the co-ordinated compounds of uni-, bi-, and ter-valent 
metals, and that the parachors of all these compounds are accounted 
for simply and consistently by the hypothesis of singlet linkages. 
The higher valencies in these compounds must therefore be due to 
the operation of some common mechanism, and any alternative 
explanation in which duplet links are retained must also be capable 
of predicting the parachor anomaly in both series of compounds. 

A little consideration of the formule will show that such an 
explanation cannot be found in the size of the electronic shell about 
the central atom. Thus, on the assumption of duplet linkages, the 
thallium atom in the co-ordination compounds studied has a shell of 
6 or 8, the beryllium atom 8, the aluminium atom 12, and, in the 
pentachlorides, the phosphorus and antimony atoms have a shell of 
10. There is no simple relation between these numbers and the 
observed parachor anomalies. 

It is possible, however, to formulate an alternative explanation 
in which the duplet linkages are retained and most of the parachor 
anomalies accounted for. This consists in the simple hypothesis 
that the sharing of an electron brings about a contraction of about 
12 units in the parachor. 

It is convenient here to distinguish between the normal and the 
higher valencies of an element. The former may be defined in the 
following manner. If an element possesses » valency electrons, 
then its normal valency is x or 8—n, whichever is the smaller. The 
value of this definition lies in the fact that for all substances in 
which the elements exert their normal valencies the chemical 
formule can be translated into electronic formule by replacing each 
chemical bond by a shared pair of electrons. Higher valencies may 
then be ascribed to (a) the transference of electrons from one atom 
to another as in polar bonds and semipolar double bonds, (6) the 
sharing of more than the normal number of electrons, and (c) the 
formation of singlet linkages. 

The values at present adopted for the atomic parachors are in 
nearly every case deduced from compounds in which the constituent 
elements exert their normal valencies. The one assumption made 
in deducing these constants is that the contribution of a single 
chemical bond is zero. It is readily shown that this hypothesis 
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really means that the effect of sharing an electron is neglected. So 
long, however, as these constants are used to predict the parachors of 
other normal compounds, any error due to this omission is auto. 
matically allowed for, since each atom in the molecule is again 
sharing its normal number of electrons. The same compensation is 
found for compounds containing semipolar double bonds; thus in 
phosphorus oxychloride, the phosphorus atom shares 5 of its 
electrons with other atoms,or two more than the normal number, but 
this is balanced by the fact that the oxygen atom, which normally 
shares 2 of its 6 electrons, now shares none. 

In the higher halides the singlet formula again gives the normal 
number shared, but the duplet formula doesnot Thusin phosphorus 
pentachloride, if all the chlorine atoms are held by duplets the total 
number of shared electrons is 10. In compounds in which these 
elements exert normal valencies the number shared is 3 for phos. 
phorus, and 1 for each chlorine atom, giving a total of 8. In this 
pentachloride two extra electrons are shared, and if sharing gives a 
contraction of 12 units per electron, a parachor anomaly of — 24 
would be expected. Similarly, in the metallic derivatives of §-di- 
ketones, the formation of each of Sidgwick’s “‘ co-ordinate links ” 
corresponds to the sharing of two extra electrons; parachor 
anomalies of — 24, — 48, and — 72 are therefore predicted for sub- 
stances containing 1, 2, and 3 @-diketone residues, respectively. For 
the higher halides and the co-ordinated compounds the parachor 
results can therefore be accounted for by either the duplet or 
singlet structures. 

A direct test which distinguishes between these two hypotheses 
is, however, provided by the data for mercury and thallium com- 
pounds (p. 318). Elementary mercury is monatomic in the vapour 
state and probably also as liquid; if this is the case, the mercury 
atom has two unshared electrons. In mercury diphenyl these 
electrons are shared, so that, if sharing produces a contraction, the 
parachor for mercury deduced from the latter compound should be 
smaller than that found for metallic mercury; but the experimental 
data give almost identical values for the mercury parachor from these 
two substances. A still better example is provided by the first two 
thallium compounds in Table I. The thallous compound possesses 
two unshared electrons which are shared in the dimethylthallium 
derivative; both substances give very nearly the same value for 
the parachor of thallium, thus showing that sharing an electron has 
little or no effect upon its contribution to the parachor. 

The author has not been able to find any other simple hypothesis 
which will allow the duplet formule to be retained and will also 
account for the parachor anomalies. The duplet formula is in any 
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case open to criticism because of the improbable intramolecular 
polarities which it postulates. The theory of singlet, or more 
generally, odd-electron linkages is therefore at present the only 
hypothesis which gives a simple and consistent explanation of the 
experimental data. 

One feature of the results of this investigation is the stability of 
valency shells of 4 electrons in the beryllium compounds and of 6 
electrons in the aluminium compounds. In the light of these 
results it seems probable that other compounds of co-ordination 
number 6, e.g., the cobaltammines, may also possess a stable group 
of 6 electrons, so that the six co-ordinated groups are held by singlet 
linkages. This view removes the stereochemical objections which 
can be raised against the arrangement suggested in an earlier paper 
(Sugden, loc. cit., p. 1180) in which it was supposed that an octet 
was attained and two of the groups were held by duplets. 


ExPERIMENTAL. 


Surface tensions were determined by the method of maximum 
bubble pressure (Sugden, J., 1922, 121, 858; 1924, 125, 27) except 
for aluminium bromide, for which the method of capillary rise was 
employed (Sugden, J., 1921, 119, 1483). Densities were in most 
cases determined by means of the U-shaped pyknometer described 
previously (J., 1924, 125, 1171), which proved satisfactory even with 
substances melting above 200°. The parachor is calculated by the 
formula P = My?/(D — d), where M is the molecular weight, y the 
surface tension in dynes/cm., and D and d are the densities of the 
liquid and the vapour. For all the substances studied, d is very 
small and has been neglected. 

Ethyl thalloacetoacetate, T\(C,H,O;), M = 333-1. The specimen 
from Dr. R. C. Menzies melted sharply at 92° (corr.), but began to 
decompose above 100°. Measurements were therefore made at one 
temperature only: Di* = 2-365, y at 94:5° = 30-94, whence 
[P] = 332-2. 

Dimethylthallium benzoylacetonate, (CHs)gT1(Cy>H,O.), M = 395-2. 
Dr. Menzies’s specimen melted at 128—129° (corr.) and was stable 
up to 170°. Densities determined: D}* 1-797, Dj” 1-786, 
Ds 1-776, Di" 1-763; whence Di. = 1-975 — 0-00135¢. 


149° 157° 
30°52 29-85 
1-773 1-763 
Parachor ... . . 523-8 Mean = 523-7. 


Thallous ethoxide, TIOC,H;, M = 249-0. Dr. Menzies supplied a 
pure specimen of this liquid (Found: Tl, 81-4. Calc., 81-95%). 
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Densities determined: D% 3-493, D%®* 3-455, D=" 3-403: ff 
whence D*‘: = 3-543 — 0-00241¢. 
16-5° 28-5° 44-5° 
38-7 37-3 36-2 
3-503 3-475 3-436 
177-1 177-7 Mean = 177-3. 

Thallous formate, TIHCO,, M = 249-0, was recrystallised from 
methyl alcohol and melted sharply at 101° (corr.). Densities deter. 
mined: Dj 4-967, Di” 4-932, Di? 4-908; whence Di = 4-977 
— 0-0028 (¢ — 100). 

118° 124° 
78-8 75-3 
4-927 4-912 
150-6 149-3 Mean = 150-3. 

This liquid has a high surface tension and some difficulty was 
experienced in getting a regular formation of bubbles. The surface 
tensions quoted may be slightly too high. 

Thallous acetate, TIC,H,0,, M = 263-0, was recrystallised from 
ethyl alcohol and melted sharply at 131° (corr.). Densities deter. 
mined: Di?" 3-765, Di 3-745, Di 3-717, Di 3-691; whence 
Di; = 3-999 — 0-001708. 

159° 173° 204° 
45-0 44-9 44°5 
3-763 3-729 3-705 3-652 
Parachor ... 181-5 182-7 183-7 186-0 Mean = 183-5. 

This substance is remarkable in showing a very small rate of fall 
of surface tension with temperature. 

Thallous nitrate, TINO,, M = 266: . From the measurements of 
Jaeger (Z. anorg. Chem., 1917, 101, 1), Di; = 4-923 — 0-00195¢. 

223° 231-5° 243° 
111-7 110-4 109-6 
; 4-877 4-862 4-843 
Parachor ... 176-9 177°3 177-4 177-7 Mean = 177:3. 

Jaeger finds rather higher surface tensions, giving [P] = 180°7. 

Mercury, Hg, M = 200. The values found by different observers 
for the surface tension of mercury show slight variations, but these 
have only a small effect upon the parachor. Two modern series of 
measurements covering a range of temperatures up to the boiling 
point are those of Hogness (J. Amer. Chem. Soc., 1921, 43, 1621) 
and of Brown (Phil. Mag., 1928, [7], 6, 1044); the parachors cal- 
culated from these observations are given below, and since the meat 
values are identical, this value is adopted as the most probable. 
Hogness: ¢ 20° 110° 200° 300° 354° 

[P] 68-6 69-0 69-7 69-7 69-8 Mean = 69-4. 


Brown : t 18° 178° 218° 272° 326° 
[P] 68-8 69-4 69-6 69-5 69-6 Mean = 69-4. 
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Both series of measurements were made with a modified form of 
the bubble-pressure method, which was also used by Sauerwald and 
Drath (Z. anorg. Chem., 1926, 154, 79), who found y... = 469—478, 
whence the mean [P] = 68-7, and by Bircumshaw (Phil. Mag., 
1928, [7], 6, 510), who found y,,. = 500, whence [P] = 69-8. The 
measurements of Harkins and Ewing (J. Amer. Chem. Soc., 1920, 
42, 2539) by the drop-weight method cover the range 0—60° and 
give a mean parachor of 69-0. 

Mercury diphenyl, Hg(C,H;)., M = 354-1, was recrystallised from 
alcohol and melted at 119° (corr.). Densities determined: D}* 
1-935, Di®* 1-918, Di 1-904, Di" 1-882; whence Di = 2-143 

- 0-00158¢. 


144° 156° 168-5° 
34-63 33-42 32-75 
. 1-916 1-897 1-879 
Parachor ... 447-0 448-4 448-7 450-8 Mean = 448-7. 


The author is indebted to Mr. H. J. Cavell for the observations on 
this substance. 

Lead tetraethyl, Pb(C,H;),, M = 323-3. Dr. E. W. J. Mardles 
kindly supplied a highly purified specimen of this substance, showing 
99-79%, purity. Densities determined; Di" 1-641, D&* 1-627, 
D%** 1-607, Di 1-595; whence Di. = 1-673 — 0-00163¢. 

32-5° 45° 53-5° 
27-40 26-39 25-10 
1-620 1-600 1-586 
Parachor ... 455-6 456-5 458-0 456-1 Mean = 456-6. 


Beryllium acetylacetonate, Be(C;H,O,)., M = 207-3, was recrystal- 
lised from alcohol and melted at 109° (corr.). Densities determined : 
DY’ 1-017, Di?” 1-003, Di?" 0-998, Dit 0-985, DiP* 0-979, 
Diz" 0-957; whence Di: = 1-119 —0-00092¢. 

129° 142° 151° 158° 169° 
26-6 25:3 24-6 23-8 22-9 
1-010 1-001 0-989 0-980 0-974 0-964 


470-4 470°3 470-1 471-1 470-0 470-3 
Mean = 470-4. 


Beryllium propionylacetonate, Be(C,H,O,)., M = 235-3, was pre- 
pared by boiling propionylacetone (purified by recrystallisation of 
the copper salt) in alcoholic solution with basic beryllium carbonate, 
and after recrystallisation from ligroin had m. p. 52-5—53-5° (corr.). 
Densities determined: D{f 1-035, Di 1-024, Di 1-014, Di” 
1-005; whence D‘. = 1-096 — 0-000964¢. | 

715° 84° 93° 
30-60 29-20 28-35 


1-026 1-015 1-007 
Parachor ... 538-4 539-5 538-9 539-2 Mean = 539-0. 
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Basic beryllium propionate, Be,O(C,H;O0,),, M = 490-7, was 
recrystallised from ligroin and melted at 137° (corr.). Densities 
determined: Di" 1-056, Di?" 1-046, Di® 1-028, Di 1-021; 
whence D{: = 1-209 — 0-00108¢. 

144° 150° 162° 173° 186° 
20-30 19-59 18-64 17-61 16-62 


1-054 1-047 1-034 1-022 1-008 
Parachor 988-2 986-0 986-2 983-7 983-0 Mean = 985-4. 


Aluminium acetylacetonate, Al(C;H,0,)3, M = 324-3, was re- 
crystallised from acetone and melted at 198° (corr.). Densities 
determined: D%* 0-992, D2 0-978, D2* 0-969, D?" 0-966, 
Di" 0-935, D%" 0-914; whence Df. = 0-994 — 0-00100 (¢ — 200). 

216° 223° 232° 245-5° 278-5° 
17-81 17-28 16-85 15-72 13-21 
0-980 0-979 0-971 0-962 0-949 0-915 


Parachor 683-4 680-5 681-1 682-7 680-3 675-3 
Mean = 680-5. 


Aluminium propionylacetonate, Al(C,H,O,),, M = 366-4. This 
substance was obtained in good yield by shaking a concentrated 
aqueous solution of aluminium nitrate (1 mol.) and sodium acetate 
(4 mols.) with purified propionylacetone (3 mols.). The product was 
extracted with ligroin, and solvent and unchanged diketone were 
removed by heating to 100° under diminished pressure. The crude 
substance was a yellow oil which solidified on cooling to — 80° and 
then melted at 46—48°. Itis very soluble in all organic solvents and 
was purified by dissolving in twice its volume of ligroin and cooling 
the solution to —15°. The crystals were filtered off on a funnel 
cooled by a freezing mixture, and the crystallisation was repeated. 
The substance was thus obtained as pale yellow crystals, m. p. 49° 
(corr.). Aluminium was determined by decomposing the substance 
in the crucible with nitric acid and igniting to oxide (Found: Al, 
7:39. Cale.: Al, 7:-40%). Densities determined: Dj 1-087, 
D¥ 1-072, D#* 1-060, D# 1-052; whence Dj = 1-137 — 0-00096¢. 

65° 765° 92° 105° 
28-4 27-6 25-6 24-4 


1-080 1-074 1-065 1-049 1-036 
Parachor 789- 787-6 788-6 786-0 788-2 Mean = 788-0. 


Aluminium bromide, Al,Br,, M = 534, purified by distillation, 
had m. p. 92° (corr.), b. p. 260°/754 mm. Densities determined : 
Di 2-628, Di?’ 2-590, Di* 2-538, Di®’ 2-497; whence Di. = 
2-861 — 0-00225t. These densities are in good agreement with 
those of Biltz and Voigt (Z. anorg. Chem., 1922, 126, 39). Since 
aluminium bromide is very hygroscopic, the surface tensions were 
determined in a sealed tube by the method of capillary rise, the 
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apparatus and microscope fittings being as previously described 
(Sugden, J., 1921, 119, 1483). 


102° 120° 130° 147° 154° 
25-5 24-2 23-5 22-5 21-7 
2-632 2-591 2-569 2-531 2-515 
455-8 457-8 457-6 459-4 458-1 Mean = 457°6. 


Acetylacetone, C;H,0,, M = 100-1, purified by repeated fraction- 
ation under diminished pressure, had b. p. 60° (corr.)/20 mm. 
Densities determined: D}!* 0-972, D3} 0-947, D3 0-929, D%®* 
0914; whence Di. = 0-984 — 0-00101¢. 

39-5° 66° 81° 
28-50 25-70 24-14 


0-944 0-917 0-902 
245-0 244-9 245-7 245-9 Mean = 245-4. 


The author is indebted to Mr. H. Wilkins for the measurements on 
this substance. 

Propionylacetone, C,H,,0,, M = 114-1, purified by recrystallising 
the copper derivative from benzene and distilling the regenerated 
diketone, had b. p. 162-5° (corr.)/759 mm. Densities determined : 
D* 0-962, DF" 0-952, DR” 0-939, Di 0-930; whence Di = 
0-976 — 0-00093¢. 

29-5° 41° 50° 
29-24 28-10 27-22 


0-949 0-937 0-930 
279°1 279-5 280-0 280-0 Mean = 279-7. 


Benzoylacetone, Cy 9H,,0,, M = 162-1, was recrystallised from 
ligroin and melted at 59° (corr.). Densities determined: Di 
1062, D& 1-052, D* 1-044; whence Di. = 1-120 — 0-000804¢. 


78-5° 89° 100° 
38-3 37°1 35°8 
1-054 1-045 1-036 
381-7 382-2 382°8 382-8 Mean = 382-4. 


Boron acetylacetone difluoride, (C;H,0,)BF,, M = 148-0, prepared 
asdescribed by Morgan and Tunstall (loc. cit.), melted at 46° (corr.). 
Densities determined: D%* 1-220, Dz 1-199, Df: 1-179, Di 
1161; whence D%. = 1-275 — 0-00105t. 

74° 92-5° 109° 
34-55 32-89 31-29 
1-197 1-177 1-160 
300-0 301-1 301-7 Mean = 300-6. 

Stannic bisacetylacetone dichloride, (C;H,O,),SnCl,, M = 387°8, 
ras prepared as described by Morgan and Drew (loc. cit.) and melted 
it 204° (corr.). Densities determined: D?" 1-451, D?® 1-448, 
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Dz 1-440; whence Di: = 1-460 — 0-00122(¢ — 200). This sub. 
stance decomposed rapidly when heated above 225°. 
213° 221° 
27-88 27°12 
1-444 1-434 
617-0 617-1 Mean = 617-2, 


Summary. 


(1) The parachors of a number of thallium, beryllium, and 
aluminium derivatives of §-diketones have been determined and 
found to exhibit precisely the negative anomalies predicted by the 
author (J., 1927, 1179). Basic beryllium propionate and aluminium 
bromide are also found to contain singlet linkages in the molecule, 
and structures are suggested for these compounds. 

(2) An alternative hypothesis to account for these negative 
anomalies has been examined and is shown to be incompatible with 
the available data for mercury and thallium compounds. 

(3) The free 8-diketones and certain derivatives are found to 
possess an open-chain structure and are not co-ordinated. 

(4) The following atomic parachors have been determined: 
Hg = 69, Tl = 64, Pb = 76, Be = 38, Al = 39. 


The author gratefully acknowledges a grant from the Research 
Fund of the Chemical Society which has partly defrayed the cost of 
this investigation. 


BrrKBECK COLLEGE (UNIVERSITY OF LONDON), 
Fetter Lane, E.C. 4. [Received, December 6th, 1928.] 





L.—Hexa-aminobenzene. 


By BERNHARD FLiRscHem and Eric LeigHton HOoLMEs. 


WHEN 2:4: 6-trinitro-1 : 3: 5-triaminobenzene was obtained for 
the first time by Jackson and Wing (Amer. Chem. J., 1888, 
10, 282), these authors, as well as Palmer (ibid., 1892, 14, 378), 
attempted to reduce it to hexa-aminobenzene. But alcoholic 
ammonium sulphide led to decomposition; with tin or stannous 
chloride and hydrochloric acid, and with zinc dust and acetic acid, 
ammonia was invariably produced through the elimination of an 
amino-group, so that only a hydrochloride of penta-aminobenzene 
could be isolated. Jackson and Wing therefore concluded tha 
hexa-aminobenzene, if actually formed, must be very unstable; 
and Palmer thought that “ the results here noted appear to estab 
lish the fact that upon reduction of trinitrotriaminobenzene 24 
least one nitro-group is replaced by hydrogen.” 
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On theoretical grounds (see below) we were unable to agree with 
these deductions. If salts of hexa-aminobenzene were primarily 
produced, in which only some of the amino-groups would presum- 
ably be combined with the acid, then under the above experimental 
conditions these salts might conceivably be less stable than salts 
of penta-aminobenzene. But hexa-aminobenzene itself should 
certainly be more stable than penta-aminobenzene. If this view 
was correct, then it should be feasible to obtain hexa-aminobenz- 
ene, provided that every possibility of preliminary salt formation 
were excluded. 

It has long been known that many mononitro-compounds can 
be reduced to amines by means of phenylhydrazine, and m-dinitro- 
benzene has been similarly reduced to m-phenylenediamine (Walther, 
J. pr. Chem., 1896, 53, 433), but polyamino-compounds do not 
appear to have been prepared by this method. We decided to try 
it, and the very first test-tube experiment, wherein trinitrotri- 
aminobenzene was heated with phenylhydrazine, yielded hexa- 
aminobenzene. By a fortunate coincidence, phenylhydrazine is one 
of the very few solvents for trinitrotriaminobenzene, and it is the 
only organic substance in which hexa-aminobenzene has, so far, 
been found to be soluble. Accordingly, hexa-aminobenzene can be 
recrystallised from phenylhydrazine. Since the synthesis trinitro- 
benzene ——> 3 : 5-dinitroaniline —+ pentanitroaniline —-> trinitro- 
triaminobenzene —-> hexa-aminobenzene involves only a single, 
simple reaction for each stage, the yields being nearly quantitative 
in the third stage and reasonably good in the others, hexa-amino- 
benzene is fairly accessible. 

Penta-aminobenzene had already been known in the form of its 
trihydrochloride (see above; also Barr, Ber., 1888, 241, 1547; 
Palmer and Jackson, Amer. Chem. J., 1889, 11, 448), but the free 
base could not be prepared therefrom. This is not surprising, since 
we found that a solution of free penta-aminobenzene in water 
decomposes almost instantaneously. We have now accomplished 
the synthesis of this base by heating 2 : 4 : 6-trinitro-1 : 3-diamino- 
benzene with phenylhydrazine. This new base is even more 
accessible than hexa-aminobenzene, since there are now only three 
stages, starting from a commercial product: m-nitroaniline —> 
tetranitroaniline ——> trinitrodiaminobenzene ——> penta-amino- 
benzene, each stage again consisting of a single reaction. 

In accordance with our anticipations, hexa-aminobenzene has 
been found to be distinctly more stable than penta-aminobenzene, 
not only in aqueous solution, but also as a solid. Both compounds 
share ready solubility in water and insolubility in the usual organic 
solvents. Both melt with decomposition, in air at temperatures 
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which vary with the rates of heating (varying degrees of oxidation); 
the true melting-decomposition points are obtained in hydrogen, 
247—248° for the hexa- and 228° for the penta-aminobenzene 
(heating at the rate of 5° per minute). Acetic anhydride trans. 
forms hexa-aminobenzene into its hexa-acetyl derivative. From an 
aqueous solution of the free base, picric acid precipitates a tri- 
picrate, and hydrochloric acid a tetrahydrochloride. The latter salt 
is characteristic for hexa-aminobenzene, since it is formed under 
various conditions; a higher hydrochloride could not be obtained 
even with hydrochloric acid saturated with hydrogen chloride 
at — 15°. 

It is of theoretical interest to compare the phenylenediamines 
and all known polyamino-derivatives of benzene, of its homo. 
logues, and of anisole in their order of decreasing resistance to 
atmospheric oxidation. Compounds containing distinctly ‘‘ negat- 
ive ” substituents, such as nitro- or halogeno-polyamino-derivatives, 
must, however, not be included, since such substituents have per se 
a stabilising effect towards oxidising agents (polar factor). In the 
following comparison, the relative stabilities of all the tri- and 
tetra-amino-compounds appear to follow from their descriptions 
in the literature. 
vb ts ; 5 12223242526 


Vicinal polyaminobenzenes : 1:2>1:2:3> }):9: 
Diaminobenzenes: 1:2>1:4>1:3. 
Triaminobenzenes : 1:2:3>1:2:4. 


Tetra-aminobenzenes : 1:2:3:4> { : - : 


3: 
4: 
3: 


:4:5° 

Non-vicinal polyaminobenzenes: 1:3>1: 4>| of Mf : 

Triaminobenzenes and homologues: 1:2:3 approx. = 4-methyl- 
1:2:3; 1:3:4 approx. = 6-methyl-1:3:4; 2: 6-dimethy!- 
1:3:5 approx. = 2:4: 6-trimethyl-1 :3: 5. 

Tetra-aminobenzenes and homologues: 1:2:3:4 approx. = 
5-methyl-1 : 2:3: 4. 

Triaminoanisoles and tetra-aminobenzenes : 1 : 2:3: 4 approx. = 
4-methoxy-1:2:3; 1:2:4:5< 5-methoxy-1: 2:4. 


Clearly, (a) vicinal compounds are more stable than their isomer- 
ides; (6) vicinal as well as non-vicinal compounds become less 
stable as the camber of amino-groups increases; (c) hexa-amino- 
benzene is the only case where, contrary to the latter rule, a further 
amino-group has enhanced the stability; (d) the introduction of 
methyl makes little difference; (e) the effect of a methoxy-group 
is somewhat, but not much inferior to the effect of a corresponding 
amino-group. It may be concluded that there is no marked purely 
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steric protection against oxidation in these cases (d); that groups 
which make a large affinity demand on the nuclear atom with 
which they are linked thereby alter the stable affinity distribution 
in the ring, destroying its aromatic character and producing centres 
of increased unsaturation at other nuclear carbon atoms—an effect 
which increases with the affinity demand of the groups (NH,>0O°CHs) 
(ec) and with their number (b); that this effect is diminished when 
the affinity demand on nuclear carbon is reduced by residual bonds 
(neutralisation of residual affinity) between neighbouring groups 
(a); and that substitution of an amino-group for the last remaining 
hydrogen atom enhances the stability of the system (notwithstand- 
ing that the residual diagonal bonds of Werner’s benzene formula 
which characterise aromatic stability have disappeared on account 
of the binding of this residual affinity by the nitrogen atoms), 
because neutralisation of residual affinity between neighbouring 
nitrogen atoms (as above) is now at a maximum and also because 
there are now no carbon atoms of increased unsaturation, but an 
entirely symmetrical, although non-aromatic affinity distribution 
has been achieved (c). These points find, to some extent, a graphical 
interpretation in the following formule, in which dashed lines 
denote residual bonds, and thicker lines (or thicker dashed lines) 
bonds (or residual bonds) with a higher affinity content ; the arrows 
indicate enhanced free affinity. 


fal 
ast 
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Aromatic, stable. Non-aromatic, uneven Non-aromatic, even 
affinity distribution, affinity distribution, 
unstable. comparatively stable. 


Experiments on the reaction of several other nitro-compounds 
with phenylhydrazine are dealt with in the experimental part (p. 336). 


EXPERIMENTAL. 


Preparation of Hexa-aminobenzene.—(a) Attempted reduction of 
irinitrotriaminobenzene with stannous chloride in pyridine. Since 
it seemed possible that stannous chloride might achieve the desired 
result in an anhydrous solvent, trinitrotriaminobenzene (1 part) 
and anhydrous stannous chloride (8 parts) were boiled with various 
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proportions of pyridine and pyridine hydrochloride in air as well 
as in carbon dioxide, but without success. 

(b) Reduction of trinitrotriaminobenzene with phenylhydrazine. 
Numerous experiments in which trinitrotriaminobenzene was 
heated with phenylhydrazine in air, carbon dioxide, or hydrogen 
showed that the nature of the gas made little difference—presum. 
ably owing to the rapid evolution of nitrogen during the reaction. 
It was found, however, that with increasing proportions of phenyl. 
hydrazine the yield of crude hexa-aminobenzene obtained became 
less, but its purity was enhanced. For instance, 1-2 g. of trinitro- 
triaminobenzene were heated in 6 c.c. of phenylhydrazine to 140° 
and kept at that temperature by external cooling until the gas 
evolution had ceased. Then another 5 c.c. of phenylhydrazine 
were added and the temperature was gradually raised to 200°. 
When the gas evolution had ceased, the mass was cooled : 0-380 g. 
of brown transparent crystals was obtained. On the other hand, 
when the second addition of phenylhydrazine was omitted, a 50%, 
yield (by weight) of a less pure product was obtained. Similarly, 
0-45 g. of the nitro-base, heated in 2-5 c.c. of phenylhydrazine in 
an atmosphere of carbon dioxide to 120°, kept at 120° for 40 minutes, 
then at 130° for 10 minutes, yielded, after cooling, dilution with 
benzene and filtration, as much as 0-266 g., but the product was 
black. The crude material was recrystallised from phenylhydr- 
azine, one to three times according to its initial degree of purity, 
until it was obtained in small, light brown crystals, soluble in cold 
water without residue; the crystals were washed with benzene 
and brought to constant weight in a vacuum. 

Properties of Hexa-aminobenzene.—It consists of small crystals— 
cubic octahedra, as Dr. I. E. Knaggs kindly ascertained for us— 
which, immediately after recrystallisation, always appear light 
brown in reflected light, even after seven recrystallisations. In the 
absence of traces of surface oxidation, it would presumably be colour- 
less. It corresponds in this respect closely to 1 : 2 : 3-triaminobenzene 
(Salkowski, Annalen, 1872, 163, 23), which retains the same colour, 
even after distillation, and appears to possess much the same stability 
towards atmospheric oxidation. In an atmosphere of hydrogen, 
hexa-aminobenzene melts with decomposition at 247—248°, after 
darkening from about 180° (rate of heating, 5° per minute). In air, 
the decomposition point, owing to oxidation, is the higher the more 
slowly the material is heated; at the rate of 30° per minute, the 
decomposition point is about 255°. Hexa-aminobenzene is moder- 
ately easily soluble in cold water and in phenylhydrazine, but 
insoluble in the usual organic solvents and in aniline, nitrobenzene, 
quinoline, benzyldiethylamine, dimethylaniline, pyridine, and amy! 
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alcohol. On prolonged exposure to air, the material darkens; but 
this is merely due to surface oxidation, since after several days it still 
retains its crystalline aspect and remains almost completely soluble 
in water, leaving behind traces of a black oxidation product. In 
a partly evacuated tube at — 50° no darkening took place in 
17 hours. Dr. Knaggs found that hexa-aminobenzene appeared 
pale yellow in transmitted light under a microscope; the colour 
persisted for weeks on exposure to air, with ultimate darkening at 
the edges of the octahedra. The colour of the aqueous solution is 
light yellow, darkening to brown within a few hours; the solution 
deposits a black solid after about 24 hours. Even crude hexa-amino- 
benzene (prepared according to the first of the three examples given) 
is almost totally soluble in cold water, but forms a light brown and 
less stable solution (Found: C, 42-55; H, 7:25; N, 50-35, 50-05. 
(,H,.N, requires C, 42-85; H, 7-15; N, 50-0%). 

Hexa-acetamidobenzene.—When 1-7 parts of hexa-aminobenzene 
were heated in an evaporating-dish on a water-bath with 20 parts 
(by vol.) of acetic anhydride, a vigorous reaction ensued, and the 
base went into solution; then a brownish substance separated. 
After 5 minutes this was drained on porous plate and recrystallised 
from aqueous acetic acid. Yield, 1-7 parts of minute white crystals, 
m. p. 356—357°, decomp. p. 363° (Found: C, 51-05; H, 5-85; 
N, 20-2. C,,H,,0,N, requires C, 51-45; H, 5-7; N, 20-0%). 

Hexa-aminobenzene T'etrahydrochloride.—This was precipitated, 
whatever the concentration and temperature, when an aqueous 
solution of the base was run into concentrated hydrochloric acid. 
(1) A solution of 0-2 g. in 3 c.c. of cold water was filtered (some 
remained undissolved) into 10 c.c. of concentrated hydrochloric 
acid with good stirring and ice-cooling. Needles separated which 
appeared colourless in suspension, but after drying between filter- 
paper and then to constant weight in a vacuum had a light greyish- 
brown colour. Yield, 0-10 g. (Found: Cl, 45-5%). (2) 0-270 G. 
of the base in 5 c.c. of water was filtered into 10 c.c. of concentrated 
hydrochloric acid with good stirring; the filter was then washed 
with a further 5 c.c. of water, which was run into a further 10 c.c. 
of the acid. The combined precipitates weighed 0-264 g. after 
being dried to constant weight in a vacuum (Found: N, 27:2; 
(l, 45-0. C,H,.N,,4HCl requires N, 26-75; Cl, 45-2%). (3) 0-15 
G. of the base in 4 c.c. of water was run, drop by drop, into 10 c.c. 
of concentrated hydrochloric acid saturated with hydrogen chloride 
at — 15°, passage of the gas being continued during the addition 
of the solution of the base. The precipitate was dried to constant 
weight in a vacuum (Found: Cl, 45-7%). 

Hexa-aminobenzene tetrahydrochloride shows no melting point, 
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but darkens at about 240°. It is insoluble in hot alcohol, but 
soluble in water. The aqueous solution turns deep brown in 
about 5 hours, and deposits a black solid over-night. From a 
‘saturated aqueous solution of the salt, a rapid current of ammonia 
gas precipitates a black amorphous powder. The solid salt, 
exposed to the atmosphere, does not appear to attract moisture, 
but becomes a black mass within 3 days. When a saturated 
solution of the salt is added to a 50% aqueous solution of potassium 
hydroxide at room temperature, a base separates in straw-coloured 
needles. This base yields on acetylation crystals which do not 
melt at 385°. 

Hexa-aminobenzene Tripicrate—One part of hexa-aminobenzene 
dissolved in 100 parts of water was dropped into a solution of 7 parts 
of picric acid in 700 parts of water at 20°. The precipitate was 
dried in a vacuum, ground under benzene, and dried to constant 
weight in a vacuum. The compound formed a dark green, infusible 
powder. Yield, about 2 parts (Found: C, 33-4, 33°75; H, 3-35, 2:4; 
N, 2475. C,,H,,0,,N,,; requires C, 33-7; H, 2-5; N, 246%). 

Penta-aminobenzene.—The following mode of preparation is 
typical of several reductions: 1 G. of 2:4: 6-trinitro-1 : 3-di- 
aminobenzene was heated in 10 c.c. of phenylhydrazine in hydrogen. 
Gas began to be evolved at 120°; at 140° the reaction became so 
vigorous that cooling was required. Gradually 200° was reached, 
at which temperature the mass was kept until the gas evolution 
had ceased. On cooling and filtration, 0-17 g. of dark brown 
crystals was obtained. Recrystallisation from phenylhydrazine 
in hydrogen did not alter the colour (Found: C, 47:2; H, 7:5; 
N, 45-4. C,H,,N; requires C, 47-05; H, 7-2; N, 45-75%). 

Penta-aminobenzene, in an atmosphere of hydrogen, melts with 
decomposition at 228° (rate of heating, 5° per minute). It is 
insoluble in the usual organic solvents, but soluble in water. 

2:4: 6-Trinitro-1-amino-3 : 5-dianilinobenzene.—1-0 G. of penta- 
nitroaniline in 5 c.c. of dry acetone was slowly added, with good 
shaking, to 3 c.c. of aniline dissolved in 5 c.c. of acetone. The red 
precipitate was filtered off, washed with acetone, and dried. Yield, 
1-14 g. It was obtained from nitrobenzene in minute, light red 
crystals, m. p. 264° (decomp.). In most other solvents this com- 
pound is insoluble (Found: N, 20-7. C,,H,,0,N, requires N, 
205%). 

When the preceding compound, 2 : 4 : 6-trinitrotoluene, 1 : 3 : 5- 
trinitrobenzene, picramide, or 3: 5-dinitroaniline was heated in 
phenylhydrazine, evolution of gas took place but nothing definite 
could be isolated, except in the last two cases, in which solid products, 
which are being examined, were obtained. 
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LIl.—The Quaternary System Lead Acetate-~Lead 
Chloride-Acetic Acid—Water at 25°. 


By Kart SANDVED. 


In a previous paper (J., 1927, 2967) the author directed attention to 
the exceptional character of the ternary system lead acetate-acetic 
acid—water. The high solubility of lead acetate in acetic acid and 
the failure to isolate any acid acetates were ascribed to the exist- 
ence of complex ions in the solution. Symmetrical complex ions, 
in which the lead atom is surrounded entirely by acetate groups, 
might be expected to show a high solubility in acetic acid, due to 
the similarity between the solute and the solvent. In the present 
work, lead chloride was added as a sparingly soluble fourth com- 
ponent in order to introduce a certain dissimilarity between solute 
and solvent, and hence to render more probable the precipitation 
of complex compounds. 

According to White (Amer. Chem. J., 1906, 35, 217), various 
compounds are obtained by mixing solutions of lead chloride and 
lead acetate, for in slightly acid solutions he obtained a precipitate 
of composition PbCl-C,H,0,,Pb(C,H,0,).,4C.H,O,, and in strongly 
acid solutions another of formula (PbCl-C,H,0,).,C,H,O,. The 
phase-rule investigation now described confirms the existence of 
these compounds and affords information on the conditions governing 
their stability. 

EXPERIMENTAL. 

The usual procedure, described in the previous paper (loc. cit.), 
was employed for separating the liquid and the solid phase. The 
analytical method was the same as before, with the addition of a 
gravimetric determination of chlorine as silver chloride. 

The purest quality of lead acetate from the British Drug Houses 
was used, and its analysis was in accord with the formula for the 
trihydrate. Lead chloride was precipitated from pure lead acetate 
solutions with distilled hydrochloric acid and twice recrystallised 
from hot water. Acetic acid was purified by three-fold freezing. 


Precipitation of basic compounds always occurred on addition 
of lead chloride to neutral solutions of lead acetate. In his investig- 
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ation of the system Pb(C,H,0,).-PbO-H,O, Jackson (J. Amer. 
Chem. Soc., 1914, 36, 2346) found that lead acetate trihydrate is 
stable as a solid up to a concentration of lead oxide equal to 15-9°, ; 
the conditions are altered in presence of lead chloride, however, 
and since a study of the basic side of the diagram was beyond 
the scope of this work, it was found preferable to start at low 
concentrations of acetic acid, sufficient for dissolving the basic 
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compounds. This was effected in the following manner : Solutions 
of lead acetate and lead chloride without any acetic acid were 
saturated at 35°, and hydrolysis allowed to take place. After the 
precipitate had settled, the clear, slightly acid solutions were drawn 
off and cooled in a thermostat at 25°. This procedure led to com- 
plete equilibrium within 5 hours, and the crystalline solids subsided 
very quickly. The concentrations of free acetic acid in the solu- 
tions thus obtained were found to range between 1-4 and 1-6%. 
The system drawn in Fig. 1 is therefore, strictly speaking, not 
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ternary, but rather “‘ pseudo-ternary,” for it contains a small but 
practically constant amount of a fourth and independent com- 
ponent. From Fig. 3, in which is shown the complete quaternary 
system, it may be seen that Fig. 1 does not give the curves lying 
on the PbCl,-Pb(C,H,O0,),-H,O triangle of the tetrahedron, but 
shows the curves lying in a plane parallel to this triangle at a 
distance corresponding to 1-4—1-6% of acetic acid. 


TABLE I. 
The System Lead Acetate—Lead Chloride—Water at 25°. 
Liquid. Wet solid. Liquid. Wet solid. 


PbCl,, PbAc,, PbCl,, PbAcs, PbCl,, PbAc,, PbCl,, PbAc,, 
— =. =| = me i & Hous 
i | te oe 10 2-43 30-21 11-09 49-97 
— = jis 11 231 33-80 12-03 54-99 
3-01 13-47 72:00 4-95 12 2-08 36:23 10:80 54-52 
3:30 15-71 57-19 7-29 13 2-03 36-44 9-84 53-80 
3-68 17-88 67:50 6-75 14 1:46 37-43 4:45 76-65 
400 2068 — — 15 1:08 36-40 0-41 55-00 
4:48 21:25 19-01 43-50 16 0-73 35:92 0-27 66-75 
4:13 23-70 16:29 57-50 TT - eo) 
3-32 25-95 15:22 56-71 
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Fig. 1, constructed according to Lodoénikow’s method (Z. anorg. 
Chem., 1926, 151, 185) from the experimental data in Table I, shows 
that three compounds are capable of existence at 25°, viz., lead 
acetate trihydrate, a double compound of lead chloride and lead 
acetate, and finally, anhydrous lead chloride. The composition 
and appearance of the double compound agree with those given by 
White (loc. cit.); the silky tufts of crystals were, in fact, so char- 
acteristic that the compound was easily identified as soon as it had 
been precipitated. Similarly, the attainment of the invariant 
point between the trihydrate and the double compound was clearly 
marked, the large heavy needles of the former being detected 
without difficulty in presence of the latter. 

The two invariant points of the system lie at 1-46% PbCl,, 37-43% 
Pb(C,H,O,)., and 448% PbCl,, 21-25% Pb(C,H,0,),. The solu- 
bility of lead acetate in pure water at 25° is 35-53% and that of 
lead chloride 1-06%. 

Table II and Fig. 2 represent the same system at 35°. Super- 
saturation was in this case effected at 42°, yielding 1-5—1-8% of 
acetic acid in the liquid phase. The shape of the curves is the 
same as in Fig. 1, and no new solid phase has appeared. The 
two invariant points lie at 2-17°%PbCl,,49-53%Pb(C,H,O,). and 
7:72°% PbCl,,31-90°% Pb(C,H,0,),. The solubility of lead acetate at 
35° is 47-40% and of lead chloride 1-30%. 
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Liquid. 


Tasie II. 


The System Lead Acetate-Lead Chloride—Water at 35°. 
Wet solid. 
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The System PbCl,-C,H,0,-H,O aé 25°. 
Hill (J. Amer. Chem. Soc., 1917, 39, 218; see also Sandved, loc. 
cit.) and Hertz and Martin (Z. anorg. Chem., 1924, 140, 339) have 
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determined the solubility of lead chloride in acetic acid, but their 
values are all referred to unit of volume. The system has now 
been worked out on a weight basis, and Table III shows that pure 
lead chloride is the only solid capable of existence under the con- 
ditions chosen. The system is properly a quaternary system, in 
which lead acetate or hydrogen chloride acts as a fourth, independent 
component. The points obtained by determining the solubility of 
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lead chloride in acetic acid, therefore, merely represent points in a 
limited area of the system given in Fig. 3. The assumption is 
made that the equilibrium PbCl, +- 2HC,H,O, == Pb(C,H,0,). + 
2HCI is displaced so largely to the left as to render negligible the 
concentrations of the other products. Hence the total chlorine 
estimated is attributed entirely to lead chloride, and the curve 
based on the figures in Table III is taken to represent the line of 
intersection between the isothermal surface 5 in Fig. 3 and the 
PbCl,-C,H,0,-H,0 triangle of the tetrahedron. 





SANDVED: THE QUATERNARY SYSTEM 


Tas_e IIT. 
The Solubility of Lead Chloride in Acetic Acid at 25°. 
Liquid. Wet solid. Liquid. Wet solid. 
va 2 ~ c P ™~ c ~ langue 
PbCh, HAc, PbCl, Hac, Pbol,, HAc, PbCl,  HAc, 
ce) 9 


Zo: 70° %o- %: Zo: %: %: %: 
1060 3 — — + 0-481 2483 — 

1024 128 — -- 0-372 30-32 

0-983 233 — — 0-273 36-99 

0-883 601 93-01 0-87 0-213 42:20 — — 
0-793 958 — _ 0-147 51:72 95-21 241 
0-723 12-71 0-084 6040 — — 








0-627 17-27 95-15 0-81 0-047 78-30 — 
0-547 21-31 — — 0-013 96-60 95-61 3°20 


The System PbCl,—Pb(C,H,0,).-C,H,O,-H,O at 25°. 

The relevant experimental data are set out in Table IV. The 
method of Janecke (Z. physikal. Chem., 1908, 64, 343; 1912, 
80, 1) was found most convenient for plotting this type of quater- 
nary system, for a rather confusing picture was obtained by Lodoé- 
nikow’s method. Owing to the slight solubility of lead chloride, 
the various surfaces are more or less parallel to the Pb(C,H,0,),- 
C,H,0,-H,O triangle of the tetrahedron, and for this reason it 
was found most convenient to project the entire system upon 
this plane as a base, as shown in Fig. 3. Only the intersection 
curves of the various surfaces are drawn, in order to make as 
clear as possible the stability conditions of each compound. The 
ternary system Pb(C,H,0,).-C,H,O,—H,O, necessary for the con- 
struction of Fig. 3, has been described in a previous paper (loc. cit.). 
As pointed out there, it proved impossible to effect a satisfactory 
separation of the two phases at the highest concentrations of 
acetic acid by using the ordinary technique, and this part of the 
diagram has therefore not been covered. 

From Fig. 3 it may be seen that four different solids, repre- 
sented by four isothermal surfaces, are involved in this system, viz., 

Compound 1. Surface 1—2: Pb(C,H,O,),,3H,0. 

Compound 2. Surface 2—3: PbCl-C,H,0,,Pb(C,H,0,).,3C,H,0,. 

Compound 3. Surface 3—4: (PbCl-C,H,0,).,C,H,O,. 

Compound 4. Surface 5: PbCl,. 

The point representing the coexistence of 2, 3, and 4 lies at 
1-44% PbCl,,17-00% Pb(C,H,0,)., and 32-82% C,H,0,. 

Compound 1.—At lower concentrations of acetic acid the solu- 
bility of lead acetate increases on addition of lead chloride. Fig. 3 
shows that at higher concentrations of acetic acid just the opposite 
takes place, the solubility of lead acetate being diminished on 
addition of lead chloride. 

Compound 2.—The solubility of this double compound increases 
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TaBe IV. 
The System Pb(C,H,0,).—-PbCl,-C,H,0,-H,O at 25°. 
Liquid. Wet solid. 


,7 
PbCl,, %. PbAc,, %. HAc,%.  PbCl,, %. PhAc,, %. HAc, %. 
1-45 37-45 1-61 3-63 80-90 1-66 
0-55 36-31 4-98 0-21 80-02 0-82 
1-39 38-58 6-31 2-71 80-00 2-35 
1-35 41-25 11-94 4-11 63-22 7-31 
0-64 38-90 14-69 0-32 81-22 1-98 
0-81 39-43 17-31 0-35 78-60 3-19 
1-08 42-15 19-18 0-39 76-04 3-89 
1-01 44-57 20-98 1-03 70-75 10-48 
1-00 46-72 23-90 1-10 77-75 7-71 
0-98 47-92 24-96 1-15 80-70 5-82 
1-07 51-65 25-92 1-13 81-75 2-47 
1-07 54-20 26-72 3-81 65-20 18-67 
56-22 27-50 1-16 76-95 8-68 
62-25 27-02 331 76-05 15-18 
65-75 24-34 0:37 81-25 5-88 
65-15 27-60 3-89 74:15 18-09 
67-10 27-38 0-43 75-15 16-94 
25-38 1-95 14-63 49-35 3-25 
21-22 1°57 31-55 39-70 2-46 
25-18 7-12 13-77 50-65 5-69 
21-92 8-39 14-10 33-15 7-32 
22-38 8-43 14-51 30-90 7:36 
18-84 13-04 27-20 51-20 6-15 
24-27 13-79 14-15 45°75 8-16 
17-82 20-80 30-60 44-73 8-68 
21-82 23-51 13-95 49-64 
23-72 29-60 14-80 41-92 
20-56 33°35 15-10 55-85 
17-00 32-82 43-67 48-74 
21-23 36-95 25-40 38-90 
27-32 39-02 14-70 49-35 
42-24 29-52 13-90 49°77 
33-22 44-02 27-90 49-73 
47-02 38-68 14-20 64-95 
48-87 39-67 14:50 60-20 
43-68 45-82 23-55 53-95 
46-30 45-70 26-50 55-45 
66-03 18-74 15-30 66-23 
20-28 41-58 34-50 39-48 
20-85 53-60 33-70 39-78 
21-15 68-33 35-15 39-56 
24-12 69-22 33-85 36-58 
21-42 72-05 34-43 40-90 
39-30 32-54 34-72 42-28 
34-58 58-85 34-88 38-68 
30-08 66-72 34-15 39-05 
7:29 86-21 52°17 17-77 
17-79 40-70 57-60 26-28 
16-40 59-40 47-23 37-14 
12-06 74:16 41-25 35-25 
16-31 2-22 96-51 0-11 
14:77 27-58 94-76 0-18 
15-89 50-58 94-55 0-44 
11-81 70-80 93-63 1-06 
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in just that same region where the solubility of lead acetate is 
subject to such a striking rise, and consequently the surface is 
twisted in a peculiar way, as shown in Fig. 3. 

Compound 3.—This complex substance, which is sparingly 
soluble, is only stable over a certain range, for which the concen. 
trations of acetic acid are high compared with those of lead acetate. 
At lower concentrations of acetic acid the compound becomes 
increasingly soluble and finally disappears as a solid through con. 
version into compound 2, whilst an addition of acetic acid is seen 
to diminish the solubility. The compound always separated as a 
finely divided powder, readily distinguishable from compound 2. 

Compound 4.—The surface representing the solubility of lead 
chloride intersects the PbCl,-C,H,0O,-H,O triangle along a line 
corresponding to the values given in Table III. The solubility 
decreases on the first part of curve 3, but passes through a minimum 
at that point where the increase in the solubility of lead acetate 
occurs. 

Both the type of double compound isolated and the corresponding 
solubility curves indicate a pronounced tendency of lead acetate to 
enter into reactions yielding various complex substances. The 
formation of the group PbCl-C,H,0,, involved in the two compounds, 
is well accounted for by the theory of Blomberg (Chem. Weekblad, 
1914, 11, 1030; Z. Hlektrochem., 1915, 21, 438), in which the ion 
Pb(C,H,0,)° is supposed to play an important role (see Sandved, 
loc. cit.). This explanation is further supported by the parallelism 
between the solubility of lead acetate and of the double compound 2. 


Summary. 

The two systems Pb(C,H,0,),-PbCl,-H,O and PbCI,-C,H,0,- 
H,O have been studied at 25°, and the first also at 35°. Based 
upon these data, as well as upon the system Pb(C,H,0,),-C,H,0,- 
H,O, an investigation of the quenenery system has been unde. 
taken at 25°. 

From the results, it is shown that the changes brought about by 
the introduction of lead chloride in these systems are in accord 
with the views upon lead acetate solutions advanced previously 
by the author. 


The author’s thanks are due to the Ramsay Memorial Fellowship 
Trust for placing a Fellowship at his disposal, and to Professor 
J. C. Philip, F.R.S., under whose interested direction this research 
was conducted. 


IMPERIAL COLLEGE oF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [Received, November 26th, 1928.] 








CONVERSION OF TETRAMETHYL y- AND 38-GLUCONOLACTONES, ETC. 345 


LII.—The Conversion of Tetramethyl y- and 8-Glucono- 
lactones into the Corresponding Mannonolactones, 
and of the Trimethyl y- and 5-Xylonolactones into 
the Corresponding Lyzxonolactones. 


By WaLtER Norman HawortH and Caartes WiLiiaM Lona. 


Tue authors have effected the epimerisation of several methylated 
lactones which are configurationally inter-related. Whilst the inter- 
conversion of «-hydroxy-acids is a well-recognised procedure, it has 
been shown that interconversion is effected just as readily when 
the hydroxyl groups in the hydroxy-acids are protected by methyl- 
ation. Digestion with aqueous pyridine for a number of hours is 
sufficient to establish equilibrium between the two epimerides and 
the intermediate products. 

One object of this investigation was to correlate a number of the 
methylated lactones which had already been studied in their relation 
to the constitution of sugars, and to supplement the evidence 
previously adduced of the existence of two types of ring structure. 
Hitherto the evidence has rested on the identification of the methoxy- 
dibasic acids derived from the lactones by oxidation (Haworth and 
Jones, J., 1927, 2349; Goodyear and Haworth, ibid., p. 3136; 
Haworth, Hirst, and Miller, ibid., p. 24836; Haworth and Porter, 
J., 1928, 611). The authenticity of the product depends in most 
cases upon a recognition of the stereochemical form of the methoxy- 
acid. By the inter-relationships established in the present work the 
evidence for the structure which has already been furnished is 
further strengthened. The effect is to duplicate the proofs of the 
ring structures of sugars and glucosides based on the original 
oxidation data of methylated lactones. Moreover the determin- 
ation of the structure of a new methylated lactone should in future 
be facilitated by the adoption of this procedure, inasmuch as it 
may be characterised by epimerisation to a lactone of known 
structure. 

The following interconversions have been achieved : 


co— CO or 
H-C-OMe |  Me0-C-H H-C-OMe Q  Me0-C-H 
OCH O_,MeO-CH © MeO-C-H | __., MeO-C-H 
H- H- 


H-C-OMe | <- H-C-OMe | 0 + <— ¢—~ 
H-C H- a H-C-OMe H-C-OMe 
CH,:OMe CH,-OMe CH,"OMe CH,:OMe 
:3:4:6-Tetra- 2:3:4:6-Tetra- 2:3:5: 6-Tetra- 2:3:5: 6-Tetra- 
he - methyl d-mannono- methyl y-glucono- methyl y-mannono- 
lactone. lactone. lactone. 
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o— eae Restos) 
H-C-OMe | Me0-6H | 8 
MeO-CH O->MeOCH © te 
H-C-OMe | H-(-OMe | 
cH,—- cH, 
2:3:4-Trimethyl 2:3:4-Trimethyl 2:3: ar oon ie 
§-xylonolactone. 5-lyxonolactone. y-xylonolactone. 

In each case the resulting lactone was identified by preparing 
from it the crystalline phenylhydrazide of the corresponding acid, 
and the constants of these compounds are available for future 
reference. 

The experimental procedure differed from that adopted by E. 
Fischer (Ber., 1890, 23, 799) in his original work on hydroxy-acids, 
Whereas Fischer used quinoline or pyridine containing little water, 
we have used dilute aqueous pyridine, which promotes the epimeris. 
ation with extraordinary readiness even below 100°. Inasmuch as 
pyridine is easily eliminated from the salts by gentle heating, with 
the immediate formation of the methylated lactone, the removal of 
the organic base by means of barium hydroxide, followed by the 
precipitation of barium as sulphate, was obviated; as also was the 
use of the brucine salts for the purpose of purification, since the 
methylated lactones were recrystallised or distilled. 

As the pyridine salts of these methoxy-acids hydrolyse readily in 
aqueous solution, it is evident that they are present in equilibrium 
with the free acids and the lactones. It has been suggested by 
earlier workers that epimerisation proceeds through the enolic form 
of the acids or salts, but it may equally be the case that the inter. 
mediate stage is represented by the enolic form of the lactones : 


aah ((OH)— ¢o—— 

MOCH | | ‘OMe | _ H-OMe | 

MeO: ae , <— MeOC-H O <— Me0-C-H | 
H-C-OMe | H-C-OMe 

op tonal R-C-H R-C-H—~ 


A comparison of the amounts of each substance occurring in the 
product shows that the lactone which is less easily hydrolysed by 
water is also the one which predominates in the epimeric mixture. 
Thus, in the study of the comparative rates of. hydrolysis of 
2:3:4:6-tetramethyl 3-gluconolactone and of the corresponding 
mannonolactone, it has already been shown (Drew, Goodyear, and 
Haworth, J., 1927, 1237) that the latter is considerably more stable): 
than the former. The proportions of each found in the epimeri¢ 
mixture are of the order of 5% of the former and 95% of the latter 
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An unexpected result which has developed from this work is the 
ransformation of 2:3: 4-trimethyl 8-xylonolactone into furan- 
arboxylic acid, which was isolated as the main product of the 
interconversion. 

en CO,H 
H-C-OMe 6 C a 


MeO:C-H —> CH 0 
H: tome | CH 
CcH— 


It is evident that aqueous pyridine is endowed with a remarkable 
capacity for eliminating methoxy-groups. This reaction is being 
investigated more closely in order to discover whether the furan- 
carboxylic acid is preceded by a stage represented by the inter- 
mediate formation of a pyrone derivative, since there appears to 
be some evidence of this. 

Meanwhile the above transformation throws some light on the 


EXPERIMENTAL. 
The method adopted to effect the epimerisation of the methylated 


lactones was to dissolve 2 parts by weight of the lactone in 1 part 
of pyridine and 14 parts of water (compare Hedenburg and Cretcher, 
BJ. Amer. Chem. Soc., 1927, 49, 478). The solution was heated in a 
“ Bclosed flask on a boiling water-bath during 100—120 hours. Since 
Bithe solution was usually coloured at this stage, it was clarified 

with charcoal and diluted with much water. The water and 
pyridine were then removed by distillation under diminished 
pressure, and more water was rapidly added and again evaporated 
until the colourless syrupy residue was free from pyridine. Hydro- 
lysis of the pyridine salt of the organic acid was complete after 
this treatment. Inasmuch as the procedure followed during the 
isolation of the products differed for each individual lactone, the 
details are briefly described in each case. 

I. Conversion of 2:3:5:6-Tetramethyl y-Gluconolactone into 
ya2:3:5:6-Tetramethyl y-Mannonolactone.—The crystalline tetra- 
‘Muethyl gluconolactone, m. p. 26—27-5°, was digested with aqueous 
pyridine and yielded a syrup which crystallised rapidly. From light 


ing petroleum solution (b. p. 80—100°), it separated readily in long 


transparent needles, m. p. 109°. In admixture with a specimen of 
™::3: 5: 6-tetramethyl y-mannonolactone the m. p. showed no de- 
Mession (Goodyear and Haworth, J., 1927, 3136) (Found: OMe, 
23. Calc., 53-0%). 
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Further confirmation of the identity of the mannonolactone was 
obtained by preparing from it the phenylhydrazide of the corre. 
sponding acid. This separated from benzene as minute colourless 
prisms, m. p. 167°. A mixed m. p. determination was made with 
the specimen described by Goodyear and Haworth (loc. cit.) and 
showed no depression (yield, 60%). 

The mother-liquors gave on evaporation a further quantity of 
the tetramethyl y-mannonolactone, but the major portion of the 
residual syrup did not crystallise. This was digested with a pro. 
portional amount of phenylhydrazine, and the addition of benzene 
led to the separation of crystals of a phenylhydrazide, m. p. 134— 
135°. In admixture with an authentic specimen of the phenyl. 
hydrazide of 2 : 3 : 5 : 6-tetramethyl gluconic acid (m. p. 135—136°) 
(Haworth and Long, J., 1927, 544) there was no depression. This 
represented the portion of the original gluconolactone which had 
not been transformed. 

Il. Conversion of 2:3:5:6-Tetramethyl y-Mannonolactone into 
2:3:5:6-T'etramethyl y-Gluconolactone (with Dr. E. H. Goo. 
YEAR).—The procedure followed was identical with that described 
above under section I. About 50% of the original substance was 
recovered as the crystalline 2:3: 5: 6-tetramethyl y-mannono- 
lactone, and the mother-liquors also contained this unchanged 
lactone, which was isolated in the form of the phenylhydrazide of 
the corresponding 2:3:5:6-tetramethyl mannonic acid. The 
conversion in the direction of the gluconolactone proceeded to the 
extent of not more than 30%. From the mixture of the phenyl- 
hydrazides obtained after the conversion, a quantity of the crystalline 
phenylhydrazide (m. p. 134—135°) of 2:3:5: 6-tetramethyl 
gluconic acid was isolated. The identity of this product was con- 
firmed by mixed m. p. determination with an authentic specimen 
(Charlton, Haworth, and Peat, J., 1926, 89; Haworth and Peat, 
ibid., p. 3100). 

III. Conversion of 2:3:4:6-Tetramethyl 8-Gluconolactone into 
2:3:4:6-Tetramethyl 3-Mannonolactone.—After treatment of the 
methylated 3-gluconolactone with aqueous pyridine the syrupy pro- 
duct was heated with phenylhydrazine during } hour, and gave a 90%, 
yield of a crystalline substance which, purified from benzene, was 
identified as the phenylhydrazide of 2 : 3 : 4 : 6-tetramethyl mann- 
onic acid, m. p. 184—185° (Found: C, 56-0; H, 7:8; N, 84; 
OMe, 35-6. Cale.: C, 56-1; H, 7-6; N, 8:2; OMe, 36-3%). This 
gave no depression in admixture with an authentic specimen pre- 
pared by Drew, Goodyear, and Haworth (loc. cit.). The mother- 
liquors gave a 5% yield of the phenylhydrazide of 2 : 3 : 4 : 6-tetra- 
methyl gluconic acid, m. p. 115°. 
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IV. Conversion of 2:3:4:6-Tetramethyl 8-Mannonolactone into 
2:3:4:6-Tetramethyl %-Gluconolactone.—The product from the 
pyridine treatment was not crystalline, and was heated for 1 minute 
with phenylhydrazine. A crystalline phenylhydrazide separated, 
m. p. 184—185°. This was identified as the phenylhydrazide 
of 2:3:4:6-tetramethyl mannonic acid. The mother-liquors 
evidently contained the conversion product’ in the form of the free 
lactone. These were evaporated and the residue was heated for 
} hour with phenylhydrazine. Crystals again separated, which 
were purified from ether; m. p. 184°. The major portion of this 
product was thus the phenylhydrazide from the unchanged 
§-mannonolactone. The concentrated mother-liquors, dissolved in 
ether, deposited another crystalline product, which was purified by 
recrystallisation (ether) and had m. p. 113—114°. This was 
identified as the phenylhydrazide of 2 : 3 : 4 : 6-tetramethyl gluconic 
acid by mixed m. p. determination with a specimen prepared by 
Haworth, Hirst, and Miller (J., 1927, 2436). The conversion in the 
direction of 8-mannono- to 3-glucono-lactone was not more than 8%. 

V. Conversion of 2:3:4-Trimethyl 3-Xylonolactone into 2:3: 4- 
Trimethyl 8-Lyxonolactone.—The conversion followed the usual 
course, except that the syrupy product deposited a crystalline 
substance, which was identified as a furancarboxylic acid, m. p. 
131—132° (Found : C, 53-5; H, 3-4%), formed (yield, 63°) through 
a secondary reaction involving the elimination of methyl alcohol. 
The remaining syrup was heated with phenylhydrazine containing 
a little dry ether, and on evaporation of the solvent the correspond- 
ing phenylhydrazide crystallised. This was purified from benzene 
and yielded colourless needles, m. p. 180—181° (Found: C, 56-1; 
H, 73; OMe, 30-6; N, 9-7. Cale. for C,,H,.O0;N,: C, 56-4; 
H, 7-4; OMe, 31-2; N, 94%). This was identified as the phenyl- 
hydrazide of 2:3: 4-trimethyl lyxonic acid—a substance recently 
prepared from trimethyl lyxose (Hirst and Smith, J., 1928, 3147). 
A mixed m. p. determination of the phenylhydrazide prepared by 
the latter method gave no depression. In admixture with a speci- 
men of the phenylhydrazide of 2:3: 4-trimethyl 8-xylonic acid, 
m. p. 137—138-5° (Found: C, 56-5; N, 7-45; OMe, 30-9; N, 9-45. 
C\,H..0,N, requires C, 56-4; H, 7-4; OMe, 31:2; N, 9-4%), which 
was prepared for this comparison from the initial material, the 
m. p. was depressed. 

VI. Conversion of 2: 3 : 5-Trimethyl y-Xylonolactone into 2:3: 5- 
Trimethyl y-Lyxonolactone.—Trimethyl y-xylonolactone (1 g.) was 
heated with aqueous pyridine and gave, on concentration of the 
solution, a coloured syrup. Part of this (0-6 g.) was soluble in 
ether and gave a phenylhydrazide (m. p. 142°) in minute hexagonal 
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prisms (Found: C, 56-25; H, 7-35. C,,H.O;N, requires C, 56-4. 
H, 7-4%). 

The conversion into the lyxonolactone had proceeded to the 
extent of 60°% of the total quantity of methylated xylonolactone 
originally taken. 


The authors are indebted to the Government Grant Committee 
of the Royal Society for a grant which has defrayed part of the 
cost of this work, and to the Department of Scientific and Industria] 
Research for a maintenance grant to one of them (C. W. L.). 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [ Received, December 8th, 1928.] 





LIII.—Synthesis of 1-2: 3: 4: 6-T'etramethyl 5-Glucono- 
lactone and of 1-2: 3: 4: 6-T'etramethyl 8-Mannono- 
lactone from 1-2 : 3: 5-Trimethyl Arabofuranose. 


By Wa.ttTER Norman HawortsH and STANLEY PEAT. 


THE determination of the ring structure of «- and §-methyl- 
glucosides and of a-methylmannoside by one of us has hitherto 
been founded upon their conversion, through tetramethyl gluco. 


pyranose and tetramethyl mannopyranose, into the 8-lactones, 
followed by oxidation of these lactones to trimethoxyglutaric 


acids, ¢.g., 


<- H-)-0H = )-onle 
| ” | > 
HO-CH,--H HOZ-H MeO-CH,.-H MeO7-H wye0-CH,--H mort 


H——oH wat ‘Daal 


a-Methylglucoside. Tetramethyl Tetramethyl 
glucopyranose. $-gluconolactone. 


In the present work the l-forms of these 3-lactones have been 
synthetically prepared by a procedure which affords a further 
confirmation of their constitutional formule. This synthetic proof 
is dependent upon the constitution of the y-form of J-trimethy! 
arabinose which has previously been determined by methods of 
oxidation, and the constitution assigned to it is that of trimethyl 
arabofuranose (I). 

The usual method for ascending the sugar series from pentose 
to hexose involves the addition of hydrogen cyanide, followed by 





1-2: 3:4:6-TETRAMETHYL 8-GLUCONOLACTONE, ETC. 351 


hydrolysis of the cyanohydrin to the related carboxylic acid, which, 
by ring closure, is transformed into the lactone and thence by 
reduction into the next higher member in the sugar series. We 
have modified this experimental procedure and have condensed a 
methylated pentose with methyl chloroformate and potassium 
cyanide. In a preliminary experiment the normal trimethyl arabo- 
pyranose was condensed with these reagents and gave a crystalline 
trimethyl carbomethoxy mannononitrile, and also a liquid which 
contained this crystalline product as well as the correspondingly 
substituted glucononitrile. 

For the particular object which the authors had in view, it was 
necessary to utilise as the initial sugar the corresponding derivative 
of y-arabinose, namely, 2 : 3 : 5-trimethyl arabofuranose (I). This 
has been made available by the earlier work of Baker and Haworth 
(J., 1925, 127, 365). Although it would have been preferable to 
utilise for this purpose the d-sugar, which is, however, almost 
inaccessible, nevertheless the same theoretical conclusions could 
be reached by working with the natural /-arabinose which is readily 
obtainable. 

The above derivative of y-arabinose (I) condensed easily in the 
cold with potassium cyanide and methyl chloroformate. The 
products, a crystalline substance and a liquid, are provisionally 


represented by the formula (II), although it is not certain whether 
the carbomethoxy-residue in this mixture of isomeric compounds 
is situated at position 2 or position 5 in the lengthened carbon chain. 


HOH 


ON 7 O,H . (1) 
H-—-OMe (H-O-CO,Me oe 
Meo-L O—>| H?-OMe heim ame | ae 
] . OS MeOC-H . . (4) 

VW iy HO-C-H HO-C-H - «+ (5) 

H——CH,-OMe j H,-OMe | CH,"OMe (6) 
(L) (II.) (IIL.) 








In either event, the subsequent hydrolysis of both the nitrile and 
the carbomethoxy-group would give rise to the same pair of stereo- 
isomeric forms of a 3: 4: 6-trimethyl hexonic acid (III), in which 
the hydroxyl at position 2 is directed to the right and to the left, 
respectively. 

This acid product (III) was converted into the two 8-lactones 
by heating, and in contact with phenylhydrazine the latter gave 
the two stereoisomeric crystalline forms of the phenylhydrazides 
of the acids, which were separated by a tedious fractional crystallis- 
ation. The phenylhydrazine residue was subsequently eliminated 
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from each of the crystalline specimens, and there were thus obtained 
the two trimethyl-8-lactones (IV) and (VI). A fourth methyl group 
was then introduced into each of these compounds and the tetra. 
methyl 8-lactones (V) and (VII) were isolated. 


co CO CO 


ma 
nfo» ey ns 


O 


ter “OMe a a H. CH,*OMe wrt oe H 
MeO H 


H——OMe 
(IV.) (V.) (VIII.) 


l-Trimethyl l-Tetramethyl d-Tetramethy] 
§-mannonolactone. 5-mannonolactone. 5-mannonolactone, 


CO Co CO 


ie yes Fhe 9 


ac i 0 MeO af 7-H 


— CH," OMe ws CH,*OMe Me0-CH,_LH mah 


a A 
MeO—~H MeO MZ one 


(VI.) (VII.) (IX.) 
l-Trimethyl 1-Tetramethyl d-Tetramethy] 
§-gluconolactone. 8-gluconolactone. §-gluconolactone. 
The pair of completely methylated lactones (V) and (VII) were 
condensed with phenylhydrazine and thereby converted into the 
crystalline phenylhydrazides of the 1-2:3:4: 6-tetramethyl man- 
nonic and gluconic acids. These were found to be identical in 
m. p. and rotation with the enantiomorphous compounds prepared 
from the 8-lactones (VIII) and (IX), except that the signs of their 
optical rotation were opposite. The latter two are the members of 
the d-series of 8-lactones which have been fully investigated in 
earlier experiments and are prepared respectively from «-methyl- 
mannoside and «- and $-methylglucosides (Drew, Goodyear, and 
Haworth, J., 1927, 1237; Goodyear and Haworth, ibid., p. 3136; 
Haworth, Hirst, and Miller, ibid., p. 2436). 
l-Series (synthetic). d-Series. 
Phenylhydrazide from Phenylhydrazide from 
1-2:3:4: 6-tetramethyl d-2:3:4: 6-tetramethyl 
§-mannonolactone : $-mannonolactone : 
m. p. 183—184°, [a]}§" +22°. m. p. 183—184°, [a] — 
1-2:3:4: 6-tetramethyl d-2: 3:4: 6-tetramethy! 
8-gluconolactone : 3-gluconolactone : 
m. p. 115°, [a]! —50°. m. p. 115°, [aJ}8., +50°8°. 


A further comparison was established between the /- and d-forms 
of the tetramethyl mannonolactones themselves. Thus it was 
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found that the synthetic 1-2:3:4:6-tetramethyl 8-mannono- 
lactone showed [«]i*’ —150° (initially) —> — 58° (after 150 hours), 
whilst the specimens of the d-lactone, which had previously been 
prepared from d-2:3:4:6-tetramethyl d-mannose, gave [«]}* 
+ 150° —-> + 63° (after 150 hours). 

The synthetic l-forms are thus seen, by their mode of synthesis, 
to be constituted as six-atom ring compounds (the manno- and 
gluco-pyranolactones), a conclusion which verifies the structure 
assigned to the two d-compounds on the basis of their degradative 
oxidation to arabo-trimethoxyglutaric acid and to xylo-trimethoxy- 
glutaric acid respectively. 

This synthesis confirms the conclusions already reached in the 
constitutional study of y- and normal sugars inasmuch as it is seen 
that these two types stand in the relation to each other as five- 
atom ring compounds and six-atom ring compounds. The furanose 
type has thus been transformed into the pyranose type by a pro- 
cedure which admits only of the formation of a six-membered ring. 

The starting point in the synthesis is represented by a trimethyl 
sugar to which a constitution has beengassigned on the ground of 
its degradative oxidation. Thus the trimethyl arabofuranose (I) 
has been degraded by oxidation to give d-dimethoxysuccinic acid 
(X), which is characterised as the crystalline methylamide and 
amide (Haworth, Hirst, and Learner, J., 1927, 2432). The trimethyl 
arabofuranose has also been oxidised to hydroxydimethoxyglutaric 
acid (XI) which, on further methylation, passes into the l-arabo-tri- 
methoxyglutaric acid (XII) (Baker and Haworth, loc. cit.; Haworth 
and Nicholson, J., 1926, 1899). The latter product has been 
identified through its crystalline amide : 


HOH 


00,H . 00,H CO,H 
H-C-OMe Me H-C-OMe H-C-OMe 


MeO-C-H <_ 7 © —> MeO-C-H —> Me0-C-H 
CO,H MeOH HO-C-H MeOQ-C-H 
" CO,H CO,H 
H-“CH,-OMe 
(X.) (I.) (XI.) (XII.) 


Incidentally, it may be remarked that the syntheses now recorded 
have furnished an alternative proof that the conclusions reached 
by C. 8. Hudson on the ring structure of «- and 8-methylglucosides 
are invalid (compare Haworth and Hirst, J., 1928, 1221). By the 
use of a statistical method involving an extension of the principle 
of optical superposition, Hudson concluded that «-methylglucoside 
contained a 1 : 4-oxide ring, and «-methylmannoside a 1 : 5-oxide 
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ring. Although this view has been given some currency, it should 
finally be set aside. 
EXPERIMENTAL. 

I. Condensation of 1-2:3:4-Trimethyl Arabopyranose with 
Hydrogen Cyanide and Methyl Chloroformate. Formation of 3: 4:5. 
Trimethylcarbomethoxy Glucono- and Mannono-nitriles.—This method 
for the ascent of the sugar series was devised for the reasons stated 
in the introduction. 

2:3:4-Trimethyl arabinose (trimethyl arabopyranose) was 
prepared by methylation of the normal methylarabinosides. The 
trimethyl sugar (7-6 g.) was dissolved in 40 c.c. of water containing 
2-7 g. of potassium cyanide and to this were added, in three portions, 
3-1 c.c. of methyl chloroformate, the mixture being cooled in ice 
and shaken vigorously. The solution separated into two layers, 
and after 1 hour was extracted three times with chloroform. These 
extracts were washed repeatedly with water, dried, and evaporated, 
and yielded a viscid, colourless syrup (7-5 g.) which partly crystal- 
lised. The separated solid was obtained from ether—light petroleum 
(b. p. 40—60°) as colourless needles, m. p. 100—102° (Found : C, 
47-6; H, 7-1; N, 5-1; OMe, 43-1. C,,H,,O,N requires C, 47-6; 
H, 6-9; N, 5-1; OMe, 44-8%). Both the crystalline and the syrupy 
product had the following properties: they reduced Fehling’s 
solution only after boiling for 5 minutes; in solution they gave a 
heavy precipitate of barium carbonate on addition of barium 
hydroxide, and, on boiling, ammonia was evolved. In other 
respects also they appeared to be similar. The liquid product was a 
mixture of substituted /-glucono- and /-mannono-nitriles, whereas 
the crystalline substance was evidently one of these substances, 
probably the mannononitrile, which had separated by crystallisation. 

The liquid specimen of the nitrile was not very stable and showed 
a tendency to deteriorate on keeping. 

II. Condensation of 1-2:3:5-Trimethyl Arabofuranose with 
Hydrogen Cyanide and Methyl Chloroformate. Formation of 1-3 : 4 : 6- 
Trimethylcarbomethoxy Glucono- and Mannono-nitriles.—This con- 
densation was carried out in the manner described above for the 
trimethyl arabopyranose. y-Methylarabinoside was methylated 
by methyl sulphate to the trimethyl y-methylarabinoside, and by 
hydrolysis the 2:3: 5-trimethyl y-arabinose (or trimethyl arabo- 
furanose) was isolated (Baker and Haworth, loc. cit.; Haworth, 
Hirst, and Learner, J., 1927, 2432). The latter sugar (1 mol.) 
was dissolved in ice-cold water containing potassium cyanide (1 mol.), 
methyl chloroformate (1 mol.) added in small quantities, and the 
mixture shaken vigorously in a stoppered bottle. After being 
kept for 2 hours at 5°, the solution separated into two layers, the 
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lower layer being soluble in chloroform. The chloroform extract 
was washed with water, dried over magnesium sulphate, and 
evaporated. This gave a viscid orange syrup which did not crystal- 
lise (yield, 84° of the theoretical). Towards reagents it exhibited 
a behaviour similar to that of the product from trimethyl arabo- 
pyranose described under section (I). 

There was indeed little doubt that the syrup was a mixture of 
1-3: 4 : 6-trimethyl-2-carbomethoxy glucono- and mannono-nitriles. 
It was somewhat unstable, showing a tendency to lose hydrogen 
cyanide on keeping, and it was therefore hydrolysed at once to the 
corresponding acid. 

Ill. 1-3:4:6-Trimethyl Gluconic and Mannonic Acids.—The 
above nitrile was hydrolysed in two stages as follows. It was dis- 
solved in ether and filtered from a small residue of white solid, and 
hydrogen chloride was passed into the well-cooled filtrate. The 
solution formed two layers and the admission of hydrogen chloride 
was continued until a homogeneous solution was again obtained. 
On removal from the cooling bath the solution deposited ammonium — 
chloride. On the next day more hydrogen chloride was admitted 
and the solution was kept for 3 more days. The ether and hydrogen 
chloride were removed by aeration and by keeping in a vacuum 
over solid potassium hydroxide. The product was a mixture of a 
syrupy organic acid and ammonium chloride. A _ chloroform 
extract of the residue was taken, and traces of hydrogen chloride 
were removed from it by agitation with very little silver carbonate. 
Evaporation of the filtered solution gave a dark syrup and left a 
slight residue insoluble in ether. The ethereal solution was treated 
with charcoal and evaporated; the pale yellow syrup obtained 
crystallised but not completely. The crystals, m. p. 155°, gave 
analytical figures corresponding with 1-2-carbomethoxy-3 : 4 : 6- 
trimethyl mannonic acid (Found: C, 44:6; H, 6-9. C,H» 0, 
requires C, 44-6; H,6-8%). The crystals and syrup, which evidently 
still contained carbomethoxy-residue, were further hydrolysed 
by digestion with N /3-barium hydroxide, and the organic acid was 
recovered from the barium salt. It was now distilled under 0-05 mm. 
pressure from a bath heated at 150—180° and obtained in the form 
of its lactone. The crystalline acid similarly gave a colourless 
lactone on heating. 

Since separation of the stereoisomeric acids or lactones could not 
readily be achieved by direct means, the latter were heated for a 
few minutes with molecular quantities of phenylhydrazine. On the 
addition of benzene the product crystallised at once, m. p. 111—127°. 

By repeated fractional crystallisation from benzene the stereo- 
isomeric phenylhydrazides of the 3:4: 6-trimethyl gluconic and 
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mannonic acids were separated. The less soluble phenylhydrazide 
(A), m. p. 137—139°, was shown to be the mannono-compound. 
The corresponding glucono-compound (B) melted, though not 
sharply, at 125° and probably still retained a trace of (A) [Found for 
(A): C, 54-7; H, 7-5; N, 8-8; OMe, 28-6. C,;H,,0,N, requires (, 
54-8; H, 7:7; N, 8:5; OMe, 28-35%]. The phenylhydrazide (A) 
was hydrolysed at 90° with V/10-hydrochloric acid (in slight excess), 
the water evaporated at 35°, and the residue dried. Evaporation 
of the dry ethereal extract from this product yielded a viscid syrup 
which crystallised in hard colourless prisms, m. p. 96—97°, from 
ether (Found: C, 49:1; H, 7-5; OMe, 41-8. C,H,,0, requires 
C, 49-1; H, 7-5; OMe, 42-3%). Further experiments proved this 
compound to be 1-3: 4: 6-trimethyl 8-mannonolactone. It showed 
the following polarimetric values in water (c = 1-88). 
Hours ... 0 OH. 2g8 nig 28) ee nolge. 930m 
165° 161-8° 155-2° 147-2° 126-5° 119° 112-8° 
(constant) 
An attempt was made to reduce this lactone to the sugar with 
sodium amalgam, but the slowness of the reaction would have 
required the use of more material than was available, and this part 
of the work was postponed. 

IV. 1-2:3:4:6-Tetramethyl &-Mannonolactone——The methyl- 
ation of the crystalline 3:4: 6-trimethyl mannonolactone was 
achieved by using silver oxide and methyl iodide which had been 
specially dried. The product, which had partly crystallised (Found : 
OMe, 50-8%), distilled as a colourless oil. This was heated with 
phenylhydrazine (equal mols.) along with a little ether, and as soon 
as the ether evaporated the residue crystallised to a hard cake, 
which was purified to give needles, m. p. 183—184° (Found: (, 
55°75; H, 7-55. Cale.: C, 56:1; H, 7-6%). This J-phenyl- 
hydrazide showed [«]jf' +22° (c¢ = 1-37 in chloroform), whereas 
the corresponding d-isomeride prepared by Haworth and Long 
(preceding paper) showed —22° (c = 1:37). 

The above phenylhydrazide was hydrolysed and the tetramethy! 
mannonic acid converted into the lactone, which was distilled 
under 0-06 mm. from a bath at 145—150°. The liquid lactone 
crystallised to a low-melting solid (the d-isomeride has m. p. 23—25°) 
and showed, in water, [«]}§° —150° (} hour), —95-6° (28 hours), 
—69-4° (98 hours), —58-2° (150 hours) constant. The d-2:3:4:6- 
tetramethyl 3-mannonolactone prepared by Drew, Goodyear, and 
Haworth (loc. cit.) showed [«}’ +150°—>» + 63° (after 146 hours). 

The slightly impure phenylhydrazide (B, above) of 3:4:6- 
trimethyl gluconic acid was hydrolysed in the usual manner with 
N/10-hydrochloric acid. After extraction the liberated organic 
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acid was heated at 100°, and its ethereal solution treated with 
charcoal and evaporated. The resulting lactone showed [«], —90° 
changing to —27° in aqueous solution after 30 hours (c = 1-6). 

The trimethyl lactone was now methylated by Purdie’s reagents, 
and the liquid tetramethyl lactone was distilled from a bath at 
115°/0-5 mm. The distillate was a colourless liquid. This was 
digested with phenylhydrazine and gave almost immediately 
colourless crystals which were purified first from benzene and then 
fromether. A small quantity of the above /-2 : 3 : 4 : 6-tetramethyl 
mannonophenylhydrazide separated, m. p. 183—184°, and this was 
followed by the separation from the solution of the /-2:3:4:6- 
tetramethyl gluconophenylhydrazide, m. p. 115° (Found for the latter : 
C,55°8; H, 7-5; OMe, 36-3. C,.H,,0,N, requires C, 56-1; H, 7-6; 
OMe, 36-3%). 

The phenylhydrazide of 1-2: 3:4: 6-tetramethyl gluconic acid 
showed [«]i$,, —50° in ethyl alcohol, which compares with the 
value [«]!%s +-50-8° obtained for the corresponding d-enantiomorph. 


The authors are indebted to the Department of Scientific and 
Industrial Research for the award of a research assistantship to one 
of them (S. P.), and to the Government Grant Committee of the 
Royal Society for a grant which has contributed towards the expense 
of this investigation. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, January 7th, 1929.] 
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Some Derivatives of Tri-p-tolylsilicane. By ALFRED RayMOND 
STEELE and FREDERIC STANLEY KIPPING. 


TuE distillation of the crude product of the interaction of silicon 
tetrachloride and magnesium p-tolyl bromide (Pink and Kipping, 
J., 1923, 123, 2832) gives a considerable fraction collected from 
about 250° to 300° which deposits crystals in the course of several 
weeks; when separated by filtration and recrystallised from hot 
light petroleum, this solid gives tri-p-tolylsilicyl chloride, Si(C;H,),Cl, 
in colourless rhomboidal prisms, m. p. 115—116° (Found : Cl, 10-8. 
C,,H,,CISi requires Cl, 10-5%). The chloride is readily soluble 
in most of the common solvents; it does not fume appreciably on 
exposure to moist air and is only slowly decomposed by cold water. 

Tri-p-tolylsilicol, Si(C,H,),°OH, was prepared by treating the 
chloride with a dilute solution of ammonium hydroxide in aqueous 

o* 
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acetone. It separates from light petroleum in compact lustrous 
crystals, apparently octahedra, m. p. 99—100° (Found: Si, 8-8. 
C,,H,,OSi requires Si, 8-8%). It is very readily soluble in chloro. 
form, benzene and acetone, but much less so in cold light petroleum 
or alcohol. 

Tri-p-tolylsilicyl oxide, [Si(C,H,)s],0, is obtained when an alcoholic 
solution of the silicol containing a few drops of a 10% solution of 
sodium hydroxide is evaporated on the water-bath, and the residue 
heated during about an hour. It crystallises well from chloroform- 
acetone in rhomboidal plates, m. p. 223—224° (Found: Si, 9-2. 
C.H,,OSi, requires Si, 9-15%). It dissolves freely in chloroform 
and fairly readily in benzene, but is only sparingly soluble in light 
petroleum and acetone.—UNIVERSITY COLLEGE, NOTTINGHAM. 
[ Received, January 9th, 1929.] 





The Influence of Colloids on the Precipitation of Salts. By Roxsurrt 
DIcKINSON. 


Previous workers (Williams and Mackenzie, J., 1920, 117, 844; 
Bolam and Mackenzie, 7'rans. Faraday Soc., 1926, 22, 151, 162: 
Bolam and Desai, ibid., 1928, 24, 50; Bolam, ibid., p. 463) have 
shown that silver chromate and lead iodide can be maintained in 
supersaturated solutions by the presence of gelatin and of agar-agar 
respectively. 

A striking example of the above phenomenon has now been 
observed in the case of lead sozoiodolate (3 : 5-di-iodo-4-hydroxy- 
benzenesulphonate) [Found : Pb, 30-6, 30-3. C,H,O,I,SPb requires 
Pb, 32-8. (C,H,0,1,8),Pb requires Pb, 19-6%], in which sozoiodol 
acts as a dibasic acid.. The low values for lead are probably due to 
partial volatilisation of lead iodide. 

When equivalent solutions of lead acetate and sodium sozo- 
iodolate were mixed to give a volume of 50 c.c. containing 0-5% Pb, 
no change was observed for about 10 seconds. Nuclei then appeared, 
and these rapidly increased in size and number until the liquid 
finally became a semi-solid mass of minute lemon-yellow needles. 
The amount of precipitate was 0-5058 g. (calc., 0-762 g.), hence the 
solubility of lead sozoiodolate in water is 0-512 g. per 100 c.c. of 
solution. 

On repeating the above experiment, but having 2% of gum 
acacia also present in the solution, no change was observed for at 
least 2 hours. Minute yellow nodules then appeared on the bottom 
of the flask and slowly increased in size; they were not numerous 
(less than 100), and some attained a diameter of nearly | mm. 
When equilibrium had been reached, the weight of solid was found 
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to be 0-204 g., and hence the solubility of lead sozoiodolate in 2% gum 
acacia solution is 1-116 g. per 100 c.c. of solution. Thus gum acacia 
prevents the precipitation of more than half ane mney amount 
of this lead salt. 

The behaviour of gelatin in this connexion could not be studied, 
since it reacts with sodium sozoiedolate to give a white rubber-like 
precipitate; and despite an extensive examination of many other 
lead salts, no further example of this phenomenon has been observed. 


This work was carried out on behalf of the Liverpool Medical 
Research Organisation.—THr University, Liverpoou. [Received, 
November 22nd, 1928.]} 





On the Individuality of Humulene. By A. CHaSTON CHAPMAN. 


In his reply to my paper entitled ‘‘ On the Individuality of Humu- 
lene” (J., 1928, 785) Deussen (J. pr. Chem., 1928, 420, 133) gives 
certain tables illustrating the fractional distillation of specimens 
of caryophyllene, and shows the relation between the boiling ranges, 
optical rotations and yields of nitrosochloride, nitrosite and nitrosate. 
His results are not altogether easy to understand, but so far as they 
go they are quite consistent with the presence in the caryophyllene 
of a proportion of humulene. 

I may incidentally point out two instances in which Deussen has 
evidently mistnderstood me. In my paper I stated that the 5 Ib. 
of eatyéphyllene with which I actually worked’ was a portion of 
40 Ib. of the crude hydrocarbon itself, and.not, as Deussen appears 
tohave thought, of clove oil. 

In'the second place, I need scarcely say that I ‘aid a large 
number of fractional distillations (not two, as stated by Deussen), 
using in the end, for the purposes of my examination, the two 
fractions which differed most widely in their boiling points. 

Both Deussen’s results and mine appear to indicate very clearly 
that the inactive hydrocarbon which is present in clove oil is, in 
fact, identical with the hydrocarbon which I obtained in 1895 from 
hop oil, and to which I gave the name “ humulene.” That this 
hydrocarbon is not caryophyllene is shown by the fact that it does 
not yield a crystalline alcohol, and further that its nitrosite differs 
from that of caryophyllene. There need be no confusion in nomen- 
clature such as that to which Deussen refers, and in any case it does 
not constitute an argument of any weight, and may be disregarded. 

In conelusion, no inactive hydrocarbon having all the properties uf 
taryophyllene has ever been obtained, and I see no-reason to modify 
the view. I have always held—and which has been confirmed by 
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others—that humulene is not identical with caryophyllene. In 
the terpene series identity of derivatives is by no means to be 
regarded as definite evidence of the identity of the parent hydro. 
carbons. On the other hand, differences in behaviour in respect 
of the formation of derivatives is strong evidence that the parent 
hydrocarbons are not the same. It is tolerably clear that humulene 
and caryophyllene are closely related, and it is not impossible that 
in certain reactions intramolecular change occurs, the one being 
transformed into the other—CHEmIcAL LABORATORIES, 8, DUKE 
Srreet, E.C.3. ([Received, January 18th, 1929.] 


L1LV.—Organic Derivatives of Silicon. Part XXX VIII. 
The Formation of Tri- and Tetra-phenylsilicanc 
and Complex Synthetical Products from Octaphenyl- 
cyclostlicotetrane. 

By Freperic Stantey Kippine and ArrHur GEORGE Murray. 


By the “ distillation ” of the glue-like substance (E) which is formed 
by the action of sodium on diphenylsilicon dichloride there was 


obtained a small proportion of a thick oil; this product, on oxidation, 
gave triphenylsilicol, and with acetone and alkali it gave hydrogen 
and triphenylsilicol; the weight of the triphenylsilicyl oxide 
obtained from the silicol was at least 80% of that of the crude oil 
(Kipping, J., 1927, 2726). 

It was evident from these facts that this product contained 
SiPh,— groups, but, as it had been formed in small quantities only 
from crude material, in which there might have been unsuspected 
impurities, its origin and its nature remained unknown. 

Other results of the investigation of (E) having led to the con- 
clusion that this amorphous substance is merely a physically 
different form of octaphenylcyclosilicotetrane (B), it seemed to 
follow that crystalline (B) should also give a decomposition product 
from which triphenylsilicol could be obtained under the conditions 
already mentioned. 

This deduction was proved to be a sound one: when pure octa- 
phenyleyclosilicotetrane is strongly heated in the absence of air, it 
yields a thick colourless oily distillate and a pale yellow resinous 
residue ; towards the end of the operation a little frothing occurs, 
but there is no charring. The distillate soon deposits crystals of 
tetraphenylsilicane, mixed usually with some (B); when freed from 
these sparingly soluble compounds, the product is a colourless oil 
which seems to be almost quantitatively transformed into triphenyl- 
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silicol with evolution of hydrogen when it is treated with piperidine 
and alkali. 

The results of combustions, silicon determinations and cryoscopic 
measurements in benzene solution seemed to show that the oil 
was triphenylsilicyl, SiPh,, but, although it readily reduced potass- 
jum permanganate, it did not combine with iodine and when 
treated with a very small proportion of bromine in chloroform 
solution it immediately gave hydrogen bromide. Further, the 
hydrogen value (J., 1921, 119, 848) of the oil did not agree with that 
required for triphenylsilicyl: 2SiPh, + 2H,O = 2SiPh,-OH + H, 
(hydrogen value = 42-9) but was in close accordance with that 
calculated for triphenylsilicane : SiPh,H + H,O = SiPh,-OH + H, 
(hydrogen value = 85-4). 

Now a crystalline substance to which he gave the formula of 
triphenylsilicane was obtained by Ladenburg (Ber., 1907, 40, 2278) 
by heating triphenylsilicyl bromide with zinc ethyl and alittle benzene 
in a sealed tube at 120°. This product was sparingly soluble in 
cold acetone or benzene and melted at 200—203°; the formula 
assigned to it was based on the results of one combustion and the 
percentage of silicon in it was not determined. Apart from the 
fact that the properties of this crystalline substance are hardly 
those which would be expected of a triphenylsilicane (compare 
footnote, p. 364), Ladenburg himself states that on repeating his 
experiments many times, although he endeavoured to keep the 
conditions the same as before, he obtained almost exclusively the 
normal product triphenylethylsilicane, which melted at 72—74° 
and was very readily soluble in acetone or benzene. 

It is suggested, therefore, that Ladenburg’s substance (m. p. 
200-—203°) cannot have been triphenylsilicane; the purity of his 
triphenylsilicyl bromide is not emphasised and his product may 
have been impure tetraphenylsilicane, as it was from this substance 
that the bromide had been prepared.* 

Discounting the difficulty raised by Ladenburg’s statements, 
it is concluded that the oil from octaphenylcyclosilicotetrane is in 
fact triphenylsilicane, and the properties of the residue from the dis- 
tillation may next be considered. This product contains about 20%, 
of silicon, which corresponds approximately with that required for 
the ratio 28i:3Ph. With the aid of solvents it can be separated into 
fractions having graded properties, some of which have molecular 
weights probably exceeding 4000. 


* In the same paper Ladenburg describes a barium salt of triphenylsilicol- 
sulphonic acid, which, as previously shown (Kipping and Martin, J., 1909, 95, 
489), was in all probability a mixture of silica and barium salts of benzene- 
nono- and -di-sulphonie acids. 
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The largest fraction, a colourless granular powder, combines 
with only a very small proportion of iodine and seems therefore to 
contain a correspondingly small proportion of ter- (or bi-) valent 
silicon atoms. Its hydrogen value is considerably lower than that of 
(SiPh,),, whereas the mere elimination of SiPh, or SiPh,— groups from 
that compound should give a product of enhanced hydrogen value. 

When this largest fraction is treated with alkali and piperidine, 
only a small proportion is converted into compounds soluble in 
aqueous solutions of alkali, and diphenylsilicanediol could not be 
detected in these solutions; whether the portion insoluble in alkalis 
consists of unchanged substance or of condensation products of 
substituted silicols could not be definitely determined. 

From the available evidence it must be presumed that in addition 
to the fission of Si-Si bindings and the migration of phenyl groups 
from one silicon atom to another, giving SiPh, and SiPh,-, many 
other changes occur during the “ distillation” of (B). It may 
therefore be suggested that —SiPh,-SiPh,— complexes may be con- 


verted into SiC RS with liberation of hydrogen, which 
combines with the SiPh,- groups to form triphenylsilicane; the 
low hydrogen value of the residue and its apparent freedom from 
>SiPh, groups may possibly be due to a somewhat similar trans- 


formation of —SiPh,-SiPh,- into -SiPh<O*H*>SiPh- with fission 
6*"4 


of the Si-Si linkage. The complex character of the residue and the 
small quantities available, but more particularly the lack of known 
methods for attacking such problems, render it impossible to put 
these suggestions to the test of experiment; or to ascertain whether 
the production of the compounds of high molecular weight from 
the fragments of Si,Ph, is due to combination between silicon and 
silicon, carbon and carbon, or carbon and silicon. 

Octaphenylsilicotetrane (A), when strongly heated, also gives 
triphenyl- and tetraphenyl-silicane and-it is of interest to note that 
this open-chain compound seems to yield none of its cyclic isomeride 
under these conditions; nor does the latter give any octaphenyl- 
silicotetrane. 

EXPERIMENTAL. 

Destructive Distillation of Octaphenylcyclosilicotetrane.—The pure 
compound (1-5—2 g.) is placed in a very small distillation flask 
having a short (1—1}’’) neck and the air in the flask and receiver 
is displaced by dry nitrogen: the flask is then heated in a metal 
bath in which it is immersed so far as possible, the delivery tube 
being pointed downwards almost vertically. When a 5” flame of 
an ordinary Bunsen is used for heating the bath, the solid in the 
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flask shows signs of sintering after the expiration of about 5 minutes 
and shortly afterwards most of it has melted; at the end of about 
6 minutes oily drops appear above the molten layer and a colourless 
oil begins to collect in the receiver, but only very slowly. After 
12—15 minutes time from the start of the operation the residue 
has turned faintly yellow and the apparent ebullition ceases, giving 
place to a slight frothing; at this stage the heating is stopped. No 
thermometer is used, but, as the octaphenyl compound only melts 
above 400°, it is probable that the temperature of the bath was 
above 450°; if the “ distillation”’ is carried out under very low 
pressure, most of the octaphenylcyclosilicotetrane sublimes and 
apparently there is little decomposition. 

The distillate, which is approximately 40% of the material used, 
deposits colourless crystals either almost immediately or after the 
expiration of some hours; the quantity of this deposit seems to 
depend on the rapidity with which the operation has been con- 
ducted, a larger proportion of the cyclic compound passing over 
unchanged the more quickly it is heated. The distillate is mixed 
with 10—15 vols. of light petroleum and after it has been kept at 
0° during some hours the solution is filtered. Ths crystalline residue 
fractionated from a mixture of chloroform and benzene gives well- 
defined pointed prisms, melting at 235—236°: this compound was 
identified as tetraphenylsilicane by direct comparison in various 
ways and by mixed melting point determinations. The mother- 
liquors from the tetraphenyl derivative give deposits which, fraction- 
ated from benzene and acetone, afford pure octaphenylcyclosilico- 
tetrane; this compound was identified by direct comparison and 
by heating it alone and mixed with a known sample on fusible 
metal, when both powders sintered and sublimed simultaneously. 

During the separation of the tetraphenylsilicane from the cyclic 
compound microscopic examination revealed the presence, in some 
deposits, of a few large compact crystals; these proved to be an 
unusual form of tetraphenylsilicane, quite different from the slender 
pointed prisms ordinarily obtained. Both forms are often produced 
together by the slow evaporation of a benzene-chloroform solution, 
but from carbon tetrachloride at the ordinary temperature tetra- 
phenylsilicane separates in rather ill-defined dome-shaped crystals 
and in rectangular, almost square, prisms the surfaces of which are 
deeply pitted. 

Formation of Hexaphenylsilicoethane from Silicon Tetrachloride.— 
On comparing the crystals of the tetraphenylsilicane from octa- 
phenyleyclosilicotetrane with a sample of the tetraphenyl derivative 
which had been obtained by the interaction of silicon tetrachloride, 
chlorobenzene, and sodium (Kipping and Lloyd, J., 1901, 79, 449) the 
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deposits of the latter, from cold carbon tetrachloride, showed, under 
the microscope, the presence of some perfect transparent regular 
hexagons, some of which became black and opaque at 100°; these 
highly characteristic crystals were proved by direct comparison 
to be identical with those of hexaphenylsilicoethane, prepared by 
heating triphenylsilicyl chloride with sodium. The presence of this 
hexaphenyl derivative in the crude tetraphenylsilicane from the 
tetrachloride had been long suspected, as the percentage of silicon 
in the crude product was rather too high; after this lapse of time 
it is impossible to say definitely that the silicon tetrachloride 
(Kahlbaum’s) was free from the hexachloride, but it seems very 
probable that this was so, and that the hexaphenyl derivative was 
formed from the former rather than from the latter. 

Triphenylsilicane.—The light petroleum solution of the product 
of distillation (see above), when evaporated, gave a colourless oil 
which was freed from solvent under reduced pressure and then at 
100°; it did not solidify at 0°.* Various samples thus prepared 
were analysed without further purification; it is very unlikely that 
they contained more than traces of tetraphenylsilicane or octa- 
phenylcyclosilicotetrane, both of which are practically insoluble in 
light petroleum; but from the results the presence of a very small 
proportion of diphenylsilicane is not excluded (Found: C, 81-6; 
H, 6-1; ¢ Si, 11-3, 11-1; M, cryoscopic in benzene, 265; hydrogen 
value, 84-2, 85-0. SiPh,H requires C, 83-0; H, 6-1; Si, 10-8%; 
M, 260; hydrogen value, 85-4). 

Triphenylsilicane has no appreciable smell, but when heated at 
100° it has a slight odour recalling that of diphenyl. It is miscible 
with all the common solvents except the lower alcohols and acetic 
acid, in which it is only very sparingly soluble in the cold. When 
heated in a test-tube over a free flame, it puffs and a pale blue flame 
passes down the tube, a slight deposition of carbon taking place. 
It does not decolorise a dilute chloroform solution of iodine at the 
ordinary temperature, but when the solvent is evaporated and the 


* From the following it would seem that the melting point of tripheny)- 
silicane is lower than that of triphenylmethane : 
Tetraphenylsilicane 235° Triphenylsilicy! chloride ... 90—91° 
Tetraphenylmethane Triphenylmethy] chloride 108—111 
Triphenylsilicol Triphenylsilicane oil 
Triphenylcarbinol Triphenylmethane 2° 
Triphenylsilicyl bromide ... 
Triphenylmethyl bromide 152 

¢ In the first combustion the oil in the boat was mixed with copper oxide, 
as the substance seemed to be rather explosive ; a very sudden decomposition 
occurred and the results (C, 80-9; H, 6-0%) were low; in the second com- 
bustion copper oxide was not added and the oil, heated very cautiously, 


decomposed quietly. 
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residue is heated on a water-bath with excess of the halogen, hydrogen 
iodide is freely evolved and an oil, probably iodobenzene, volatilises. 
Treated with a dilute solution of bromine in chloroform, the com- 
pound gives an immediate evolution of hydrogen bromide; after 
the addition of slightly less than one mol. of the halogen and evapor- 
ation of the solvent, there remains an oil which, mixed with light 
petroleum, gives colourless prisms, m. p. 114—118°. This product 
is doubtless triphenylsilicyl bromide (m. p. 118°); decomposed with 
aqueous acetone, it yields hydrogen bromide and triphenylsilicol ; 
the latter was identified by means of a mixed melting point deter- 
mination, etc. Triphenylsilicane is readily oxidised by nitric acid 
in acetic acid solution, giving triphenylsilicol; it reduces a dilute 
solution of permanganate in acetic acid at the ordinary temperature. 

The most conclusive evidence that the oil is triphenylsilicane is 

obtained by studying quantitatively its behaviour towards alkalis. 
It is decomposed by a 5% solution of potassium hydroxide in aqueous 
acetone at the ordinary temperature with evolution of hydrogen 
and after some time, if the proportion of acetone is small, triphenyl- 
silicol separates in crystals. When the whole of the acetone has 
been expelled and the filtered alkaline solution is acidified, there is 
no precipitation of diphenylsilicanediol; this fact shows that the 
compound is practically free from >SiPh, groups. The crystalline 
residue of triphenylsilicol, when evaporated with alcohol containing 
a small proportion of potassium hydroxide, and then heated at 100° 
for some time, becomes only partly soluble in cold alcohol and by 
repeated treatment a large proportion of the original product of 
hydrolysis is transformed into triphenylsilicyl oxide. This com- 
pound separates from benzene in very lustrous, well-defined, trans- 
parent, rhomboidal crystals which become opaque slowly on exposure 
to the air, rapidly when heated at 100°.* The hydrogen values given 
above were obtained by treating the oil with piperidine and an 
aqueous solution of potassium hydroxide and heating gently to 
complete the decomposition. 

Other Decomposition Products.—The residue from the destructive 
distillation of octaphenylcyclosilicotetrane, when cold, is a brittle 
resin having the colour of pale honey. Treated with cold chloro- 
form, a small proportion separates in the form of yellow flakes, 
which have probably been produced from the most strongly heated 
portions of the material and form only about 4% of the original 
silicohydrocarbon. This gelatinous product is insoluble in all the 


* The statement by Kipping and Lloyd (J., 1901, 79, 455) that this oxide 
is “‘ very soluble in ether and benzene ” is misleading and should have been 
“much more soluble in ether and benzene ’’; its solubility in cold benzene 
is less than 1 part in 40. 

02 
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common solvents, even in boiling aniline; it chars, without melting, 
at a high temperature and contains 20-2% of silicon, a quantity 
which corresponds roughly with that required for 28i:3Ph. It 
does not combine with iodine. With an aqueous acetone solution 
of potassium hydroxide it gives hydrogen very readily, but only a 
small proportion dissolves even on prolonged heating; the alkaline 
solution, freed from acetone and filtered, gives with acids an immedi- 
ate precipitate which is gelatinous and seems to be free from 
diphenylsilicanediol. 

The yellowish chloroform filtrate from the yellow flakes, mixed 
with acetone, gives a colourless precipitate. The product thus 
obtained from the combined chloroform solutions from several 
preparations was again dissolved and precipitated, these operations 
being repeated systematically many times; four fractions of graded 
solubility were thus obtained. 

Fraction I. The most sparingly soluble portion, which formed 
about 50% of the total material, was a colourless, apparently 
amorphous powder which charred at a very high temperature without 
melting; it contained 20-1% of silicon (2Si : 3Ph requires Si, 19-6%). 
In chloroform solution it combined with about one-tenth of its 
weight of iodine, a fact which indicates the presence of some ter- 
valent silicon atoms. It was readily soluble in chloroform and 
benzene, but practically insoluble in alcohol and acetone. It dis- 
solved completely in a mixture of piperidine and an aqueous solution 
of potassium hydroxide and gave a hydrogen value of 108, but on 
the addition of water after the hydrogen evolution had ceased a 
very considerable precipitate was obtained and the filtered solution 
gave only a slight gelatinous deposit on the addition of excess of 
acid. It also gave hydrogen when it was heated with a solution of 
potassium hydroxide in aqueous acetone, but only a small portion 
dissolved in the course of some hours; after evaporating the organic 
solvent and acidifying the filtered solution, there was obtained a 
gelatinous precipitate which seemed to be free from diphenyl- 
silicanediol; the matter insoluble in aqueous alkali was treated 
again several times in the same way, but although a little more of 
it became soluble after each operation, it was not completely hydro- 
lysed at the end of some 30 hours. 

From these observations it was possible that the low hydrogen 
value of this product was due to the presence of some compounds 
which are not attacked, or only very slowly attacked, by alkali, and 
attempts to isolate this stable material were therefore made. The 
powder was dissolved in piperidine and the solution heated with 
concentrated alkali until the hydrogen evolution ceased; excess of 
water was then added and the precipitate separated, washed and 
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dried. It contained 14-4% of silicon and therefore probably con- 
sisted of some diphenylsilicane or diphenylenesilicane derivative 
(SiPh,O requires Si, 14-1%), but as it seemed to be a mixture and 
separated from solvents in a glue-like form, its nature could not be 
determined. So far as could be ascertained, this “‘ glue ” was not a 
component of the original material but had been formed by hydro- 
lysis; if so, it may possibly contain condensation products of 
(HO), Si<G74*>Si(OH). 

Fraction II was more gelatinous than I; it charred without 
melting and its molecular weight in camphor was found to be 4800, 
but the result was probably rather too high, as a clear solution 
was not obtained. : 

Fraction III was still more gelatinous ; it melted at a high temper- 
ature (heated on a spatula) before it charred and its molecular 
weight in camphor was found to be 1800, a value which is probably 
trustworthy. 

Fraction IV was of a glue-like character; it melted indefinitely 
below 250° and was slightly soluble in hot acetone. 

Decomposition of Octaphenylsilicotetrane—When this open-chain 
compound (A) is heated under as nearly as possible the same con- 
ditions as those used in the case of its cyclic isomeride, it gives 
approximately the same proportion of an oily distillate which is a 
mixture of unchanged (A), tetraphenylsilicane, and a substance 
miscible with cold light petroleum. The two crystalline compounds 
are very easily separated with the aid of cold benzene and the tetra- 
phenylsilicane which is obtained from the benzene solution appears 
to be quite free from octaphenylcyclosilicotetrane ; the tetraphenyl 
compound was fully identified. 

The oil from the light petroleum solution, examined qualitatively, 
seemed to be identical with the product from (B); that it is in fact 
triphenylsilicane is proved by its hydrogen value (Found: 85-5. 
Cale. for SiPh,H : 85-4) and a silicon determination (Found: 11-2. 
Cale.: 10-8%). The residue from the distillation seemed to be 
similar to that from (B) and was not investigated further. 

Since triphenylsilicy] chloride is not immediately decomposed 
by cold water, various attempts were made to reduce it to triphenyl- 
silicane with some of the ordinary aqueous reducing agents, but 
none was successful. 


The cost of some of the material used in this investigation was 
defrayed from a grant received from the Government Grant Committee 
of the Royal Society ; this assistance is gratefully acknowledged. 


University CoLLtece, NorrineHam. [ Received, January 9th, 1929.] 
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LV.—The Effect of Intensive Drying. on Certain 
Physical Properties of Benzene. 


By Henry Vincent Arrp Briscoz, JoHN ButTtrery PEEL, and 
Prrcy Lucock Rosrnson. 


Ir is now usual to discuss the experimental data of the intensive 
drying of liquids in terms of hypotheses postulating that a chemically 
pure liquid is a system of two or more components in equilibrium, 
the equilibrium in the “wet” liquid being so mobile that the 
system behaves as if one component only were present. That 
these. components consist of molecules or molecular aggregates 
differing in size and behaving in certain circumstances as individual 
molecular species was originally suggested by Baker and Baker 
(J., 1907, 91, 1862; 1912, 101, 2339) and appears to be accepted 
by others who have propounded explanatory hypotheses (e.g., 
Smits, Z. physikal. Chem., 1922, 100, 477; ‘ Theory of Allotropy,” 
1922, p. 319; J., 1926, 2655; G. N. Lewis, J. Amer. Chem. Soc., 
1923, 45, 2836; Mali, Phil. Mag., 1928, 5, 609). 

The basis for this view lay in the changes, apparently far greater 
than any conceivable experimental error, observed in the boiling 
point, vapour pressure, and surface tension of liquids sealed up 
with phosphoric oxide in glass apparatus. 

Subsequently the changes which might be brought about by 
intensive drying were summarised by Smits (loc. cit.) as the fixing 
of a specific proportion between the components after the normal 
equilibrium had either not been displaced or had been shifted in 
one or other of the two possible directions. Later work, mainly 
by the same author, has been directed towards realising these 
theoretical conclusions in practice, and the criteria adopted have 
been measurements of vapour pressure. Some three years ago, 
when the work here described was under contemplation, the avail- 
able evidence suggested the probability that a considerable move- 
ment in the equilibrium preceded its fixation (Baker, J., 1922, 121, 
563), and the authors then felt and still feel it to be inconceivable 
that any considerable molecular association or dissociation could 
occur in a liquid without causing readily measurable changes in 
density as well as in surface tension. Surface-tension changes had 
already been observed (Baker, loc. cit.) in statically dried bromine, 
benzene, and hexane, which could be held to imply increases in 
the mean molecular weight of 49, 165, and 244%, respectively, but 
in spite of these indications of extensive association no change was 
found in the density of benzene, carbon tetrachloride, carbon 
disulphide, ether, bromine, sulphur dioxide, or nitrogen tetroxide 
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after intensive drying, although the dilatometric method used 
should have sufficed to show changes as small as 1 part in 10,000 
parts. This serious discrepancy between density and surface- 
tension data is still unexplained, although certain doubts have 
recently been thrown by Smits (J., 1928, 2399) on the validity of 
Baker’s surface-tension measurements. The present investigation 
was begun with the express purpose of measuring from time to 
time the density and surface tension of pure benzene during the 
progress of its drying with phosphoric oxide. Some of the pieces of 
apparatus used were designed so that these measurements could be 
made on the liquid as a whole or on a head, middle, or tail fraction 
of it. The results of the first experiment led to an extension of the 
inquiry in two directions, viz., (i) the effect of contact between the 
liquid and the drying agent, and (ii) the effect of the mode of 
preparation of phosphoric oxide. To facilitate the drying process, 
the volume of each piece of apparatus was kept as small as possible, 
the quantity of phosphoric oxide was made relatively large, and in 
most cases the liquid was continuously circulated by evaporation 
and condensation. Surface tensions were measured by the method 
of capillary rise, and densities by means of glass floats as previously 
described (Robinson and Smith, J., 1926, 1273). 


EXPERIMENTAL. 


Materials —After some preliminary experiments with ether, 
benzene was selected as a suitable liquid, because it has less tendency 
to react chemically with either phosphoric oxide or metaphosphoric 
acid than any other material at once so accessible and so easily 
purified. The stock benzene used for all the experiments described 
below was prepared from A.R. material supplied by British Drug 
Houses; this was freed from thiophen by repeated treatment with 
sulphuric acid, washed several times with caustic soda solution 
and water, dried for some months over calcium chloride, and 
finally twice fractionally distilled from fresh calcium chloride through 
an 18-inch glass-spiral column. 

Phosphoric oxide was prepared by redistilling good, quality oxide 
in an apparatus * in which the distillation could take place at 
temperatures up to 600° in an atmosphere of either air or oxygen, 
and the product could be collected and sealed up in tubes 1’’ x 9” 
without coming in contact with undried air. 

Preparation of Apparatus.—After being carefully tested for air 
leaks, each piece of glass-ware was steeped in chromic-nitric 
wid mixture, thoroughly washed with water, and then successively 


* This apparatus was specially constructed by Mr. T. W. Parker, B.Sc., 
and one of us (P. L. R.), and will be described in a subsequent communication. 
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with alcohol and ether, and dried at 150° in an electrically heated 
oven. Immediately before use, the apparatus was finally dried 
by 7 days’ heating at 400° in a large electrically heated oven of 
special design, while there passed through it a slow current of 
clean air dried by passing first through concentrated sulphuric acid 
in two Drechsel bottles and an inclined tube 3 feet long, and finally 
through a 5-foot tube packed with phosphoric oxide and glass 
wool. 

The capillaries used for surface-tension measurements were 
specially drawn for us from Pyrex glass. All the capillaries were 
specially selected for circularity of cross section and uniformity 
of bore, the former by examination with a microscope, and the 
latter by measurement of the length of a thread of pure dry mercury 
in overlapping positions after the tubes had been cleaned in the 
manner described above. Lengths of suitable uniformity were cut 
from the tested sticks, and the radii determined by the two-thread 
method (Harkins, J. Amer. Chem. Soc., 1919, 41, 499). All lengths 
were measured with a travelling microscope (made by the Cambridge 
Scientific Instrument Co.) reading directly to 0-01 mm. and by 
estimation to 0-002 mm., and the weighings were made with cali- 
brated weights and have an error not exceeding 0-02 mg. The 
capillary rises were measured with a special cathetometer reading 
to 0-02 mm. and made by the same firm. As single tubes were 
used in all cases, no great absolute accuracy is claimed for the 
surface-tension measurements, because the level of the liquid out- 
side the capillary cannot be measured with the same accuracy as 
that of the liquid within it (see Mills and Robinson, J., 1927, 1823), 
but by taking as the outer level that part of the larger meniscus 
which could be very sharply focussed, comparative results con- 
sistent to within -+- 0-05 dyne/cm. could be readily obtained. All 
measurements were taken on a falling thread and were continued 
until the required degree of constancy with time was attained. 

The floats were made from Durosil tubing of suitable bore and 
wall thickness, and were kept as short as possible so that they 
could be used in small volumes of liquid. They were calibrated 
either in “stock” benzene before introduction to the apparatus 
or in the liquid to be dried immediately after sealing up. It was 
found that floats of this character change in density if maintained 
at 400° for long periods (probably owing to slight yielding of the 
glass under pressure), hence only those not treated in this manner 
could be calibrated before sealing up in the apparatus. The 
flotation temperatures recorded are in each case the mean of not 
less than eight individual readings, and are corrected for stem 
exposure. 
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Experiment I—This apparatus (Fig. 1; Plate I) was of Pyrex 
glass freed from capillaries by the method of Smits (J., 1926, 2658), 
special care being taken that the portion A was as cylindrical and 
as free from optical distortion as possible. It consisted essentially 
of three limbs, A, B, and C, meeting at the internal condenser D 
which, by a suitable inclination of the apparatus, could deliver 
condensate into any desired limb. To the bottom of A was fused 
the perforated conical base piece carrying the capillary, as illustrated 
in Fig. 1 (i), and the two floats were placed in B, after which HZ was 


yy 


F1G.1(i) 














ie, 
Vv 


FIG.4 FIG.6 FIGS FIG.7 


drawn down to a fine capillary. The end of @ was closed and the 
apparatus placed in the heater (represented by the broken lines), 
leaving the ends of H and £ protruding as inlet and outlet 
respectively for the current of dry air. 

After the final heating already described, the apparatus was 
allowed to cool with a slightly increased air stream, and then the 
floats were slid into position and E was sealed off at F. Finally G 
was opened, by cracking off the taper portion, and fitted with a 
3-inch extension of stiff rubber tubing of the same. diameter into 
which was quickly thrust a tube containing distilled phosphoric 
oxide, the tapered end of which had been smashed the instant 
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previously by means of a pair of pliers. The oxide, which had 
been distilled in oxygen at a red heat, was shaken as a non-adherent 
powder down @ into C, and G@ was sealed off at J. During this 
operation a positive pressure of dry air was maintained in the 
apparatus. Stock benzene, dried for a month over redistilled 
phosphoric oxide in the evacuated apparatus shown in Fig. 2, was 
distilled from K to L, the tip M was broken, and the required 
quantity of liquid was poured down H (Fig. 1) immediately after 
the removal of the tube delivering air. Then the benzene in (’ 
was gradually cooled while the apparatus was thoroughly evacuated 
through H and sealed off at J. 

The data for the capillary tube, which was normally used between 
the 4- and 5-cm. positions, and the float calibrations are given in 
Table I, the densities of benzene found by Tyrer (J., 1914, 105, 
2540) being employed. 


TABLE I. 
Uniformity of Capillary. 
Approx. Length of Approx. Length of Approx. Length of 


position. thread,mm. position. thread,mm. position. thread, mm. 


7-5 17-935 5-0 17-940 2-0 17-935 
7-0 17-930 4-0 17-960 1-0 17-910 
6-0 17-910 3-0 17-950 0-0 (bottom) 17-915 


Mean radius of capillary : 0-215 mm. 


Calibration of Floats. 
Flotation temp. Density at flotation temp. 


20-283° 0-878635 
11-695 0-887927 


Within a short time of filling, the whole of the benzene was dis- 
tilled into B and the flotation temperature of each float was care- 
fully determined. In calculating the density from the flotation 
temperature it was assumed that the benzene was still of normal 
density. Subsequently the liquid was transferred to A and the 
capillary rise of the liquid as a whole was determined. Periodically 
densities and surface tensions of various fractions were measured, 
with the results recorded in Tables II and III respectively. During 
most of the intervals between readings the apparatus was tilted so 
that the liquid refluxed from the phosphoric oxide. Generally the 
difference between the temperature of the laboratory and that of 
the water supply sufficed to maintain a steady movement of material, 
and when, as occasionally happened in summer, the water was too 
warm, evaporation was assisted by the heat from a carbon filament 
lamp. 
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TaBeE II, 
(¢ = Flotation temperature; d@ = density.) 
Head fraction. 


Date. 
July 4/27 


6 


17 


31 


ll 
14 
Oct. 29 


Tail fraction. 


c 


t. 


. 


d. 


(11-627°) 9.97894 


20-281 


(11-677) 
20-288 


(11-669) 
20-265 


(11-669) 
20-256 
11-664 

(20-256) 


0-87895 


0-87892 


0-87891 
0-87891 


A. 
acca 


‘t. 
(11-684°) 
20-267 


(11-677) 
20-264 


(11-677) 
20-266 


(11-669) 
20-248 


(11-669) 
20-248 


d. 


0-87892 


0-87892 


0-87892 


0-87890 


0-87890 


Whole. 


t. 
11-695° 
20-283 
11-684 
20-278 

(11-684) 
20-274 
(11-684) 
20-267 


11-669 
(20-260) 


(11-667) 
20-253 
(20-253) 
11-666 


(11-664) 
20-258 


d. 
0-87894 


0-87894 
0-87894 
0-87892 


0-87892 


0-87891 
0-87891 


0-87891 


N.B.—The flotation temperatures in parentheses were determined by 
estimation, not experimentally. 


TaB_e III. 
(4 = Capillary rise; y = surface tension.) 


Tail fraction. Head fraction. 

—— — 

h. y- h. y: h. 
30-96 
30-64 


Whole. 
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Experiment II.—Two cylindrical vessels, A and B (Fig. 3), were 
joined by a horizontal tube with a water-jacket C, all made of 
capillary-free Pyrex glass, and a float of suitable density was 
introduced into B. After the heating at 400° for 7 days, with a 
slow current of dry air passing in at D and out through the fine 
jet #, the apparatus was allowed to cool, phosphoric oxide which 
had been distilled in oxygen at red heat was introduced through 
the wide tube F in the same expeditious manner as described in 
Exp. I, and F was removed by sealing off at G. About 10 c.c. of 
stock benzene, not previously dried with phosphoric oxide, were 
poured into the apparatus through D. For this purpose the tube 
carrying air was removed and, after the liquid had been poured in, 
was replaced by the tube from the pump, the interval during which 
the tube D was open to air being made as small as possible. The 
liquid was cooled and the apparatus evacuated with the Hyvac 
pump and finally sealed off at H. The flotation temperature (i) 
of the float was accurately determined as soon as possible, and 
further readings were made from time to time. During some of 
the intervals the liquid was refluxed from the phosphoric oxide, 
whilst in others it stood in either B or A. As only one float was 
used, the results (Table IV) are not converted to densities. 


TABLE IV. 


. duly 19, July 27. <Aug.17. Jan. 23, May 2. Oct. 30. 
: 1 


1927 928. 
16-556° 16-481° 16-607° 16-606° 16-520° 16-575° 
(calibration) 


Experiment III.—In this apparatus (Fig. 4), also of capillary-free 
Pyrex glass, a large chamber A led into a narrow float vessel B, 
so that density measurements could be made on a small volume of 
liquid and a larger proportion of phosphoric oxide could be used. 
The usual heating at 400° was conducted with the air current 
entering at C and emerging at D. In this case, before the addition 
of phosphoric oxide, which had been distilled at 450—500° in oxygen, 
the two floats which had been previously calibrated in “ stock” 
benzene were introduced into D and slid over into B. Afterwards, 
D was sealed off at EZ, 8 c.c. of stock benzene were introduced 
through C, the liquid was cooled, and the apparatus evacuated 
and sealed off at F. The quantity of oxide was such that when 
the whole of the benzene was in A no liquid was visible. From 
time to time density measurements were made on the whole of the 
liquid (Table V), and in the intervals the liquid was sometimes 
refluxed from the phosphoric oxide by means of the internal con- 
denser @ or allowed to stand in either A or B. The pre-sealing 
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calibration of the floats gave 19-957° and 14-544°, corresponding 
respectively to densities 0-878988 and 0-884853 at these tem- 
peratures. 


TABLE V. 


Date. Flotation temps. d. Date. Flotation temps. d. 
—  14-544° 19-957° 0-87894 Oct. 25 14-687° 20-090° 0-87909 
1927. (calibration) 1928. 
Oct. 17 14-605 20-057 0-87905 Jan. 26 20-102 0-87910 
18 14-650 20-075 0-87907 May 2 20-106 0-87911 
21 14-655 20-069 0-87906 Oct. 29 20°105 0-87911 


Experiment IV.—This apparatus (Fig. 5) consisted essentially of 
two cylindrical vessels, with sealed-in capillary tubes cut from the 
same stick and of very nearly uniform diameter (0-460 mm.). The 
connecting tube carried an internal condenser (see Plate II) which 
could be used for delivering condensate into either capillary vessel. 
After the usual drying, the apparatus was charged with phosphoric 
oxide (distilled at red heat in a current of oxygen) and with 20 c.c. 
of benzene as already described. This benzene had been sealed up 
with phosphoric oxide in the vessel (Fig. 2) since part of it had been 
used in Experiment I. Surface-tension measurements were made 
with the liquid both in contact with and out of contact with 
phosphoric oxide (Table VI). 


TaBLeE VI. 
Liquid in contact with P,O,,. Liquid not in contact with P,O,,. 


Date. h. Y- h. y- 
(Calibration) 28-90 28-7 
29-20 29-32 29-1 
29-20 
29-34 
29-20 
29-23 
28-96 
29-14 


bo bo DS bo bo bo 
SSSSSS 
aIScoorocoO 


bo 
bi 
© 


Experiment V.—This apparatus was of soft glass and had the 
form illustrated in Fig. 6. The air used during drying passed in at 
H and out at B. It was charged through B with phosphoric oxide 
(distilled at 500° in oxygen), sealed off at C and the stock benzene 
added through H, which after cooling and evacuation was sealed 
off at D. The quantities were arranged to give a layer of liquid 
into which the end of the capillary (r = 0-213 mm.) dipped just 
overlying the phosphoric oxide as illustrated in Fig. 7 (Plate ITI). 
Before surface tension readings were taken, the liquid was invari- 
ably allowed to pass twice or thrice up and down the capillary tube 
by tilting the apparatus so as to ensure wetting of the capillary 
walls, The results are given in Table VII. 
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Taste VII. 

Date. h. Y 
May 14 31-90 8- 
July 6 32-02 8: 

8: 
8: 


Date. h. 
Feb. 11/28 31-90 
31-78 
32-12 
32-02 
32-01 
Experiment VI.—The apparatus, of soft glass, was identical with 
that used in Expt. V, but in this case it was not dried at 400° and 
the phosphoric oxide used was commercial oxide, free from lower 
oxides but not distilled, the method of charging being by dropping 
plugs of the oxide, compressed in a glass tube, into the apparatus 
without the use of a counter-current of dry air. Stock benzene was 
used, and the radius of the capillary was 0-206 mm. Results are 


given in Table VIII. 


« 


Oct. 4 31-94 
27 32-10 


PROMO Ox 
AN ons ve ° 


bo bo bo bo bo 


TABLE VITT. 


Date. h. y- Date. h. 
Feb. 14/28 28-7 July 6 31-41 
April 25 28-6 Oct. 4 31-38 
May 2 28°7 27 31-53 

14 28-7 


Discussion of Results. 

The mean densities of the head and tail fractions of the benzene 
in Expt. I, comprising in each case about one-third of the volume 
of the liquid, are 0-87892 and 0-87893 respectively, whilst that of 
the whole material is 0-87893. During the 16 months of contact 
with phosphoric oxide, these portions show a fall in density of 
0-00002, 0-00003, and 0-00003, respectively. The capillary rises for 
head and tail portions show only very slight changes in surface 
tension over the period, but for the liquid as a whole a fall of 0-30 
unit is observed, occurring almost entirely in the first few days. 
The flotation temperatures obtained in Expt. IT may indicate density 
changes of the order of 0-00007, but nevertheless show that these 
changes are but temporary, the liquid regaining its original density. 
Expt. III indicates that an increase in density of the order of 0-0001 
may take place in ordinarily dry benzene immediately after it has 
been brought into contact with phosphoric oxide. Subsequently 
a steady increase amounting to 0-00005 over the total period of 
drying is recorded, which is comparatively small and is, strangely 
_ enough, opposite in sense to the corresponding change in Expt. I. 

Expt. IV was set up to test whether the surface tension of benzene 
was affected by contact with a surface of phosphoric oxide in the 
manner described by Baker (J., 1927, 949) for other catalysts, whilst 
Expt. VI carried on the same inquiry in a rather similar manner in 
an apparatus of soft glass with benzene which had not been sub- 
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jected to a treatment with phosphoric oxide. Neither these nor 
Expt. V, which differed somewhat from them, gave indication of 
significant change in surface tension at the date of the last observ- 
ation (Oct. 1928). 

The changes in density now recorded do not exceed about 5—7 
parts in 100,000 parts, and thus support Baker’s previous conclusion 
(loc. cit.) that intensively dried benzene does not change in density 
by 1 part in 10,000 parts. This conclusion has now been extended, 
however, to include not only the liquid as a whole, but also the 
various fractions obtainable from it by distillation. When first 
brought into contact with phosphoric oxide, benzene increases in 
density by about 1 part in 8,000 parts: the view that this is due 
to dissolution of the oxide is supported by the observation that the 
evaporation of benzene in contact with phosphoric oxide invariably 
left white striz of residue which could be removed by repeated 
washing with distilled benzene. 

The unexpected discordance between the present surface-tension 
measurements and those previously recorded by Baker is discon- 
certing and difficult to explain. In 16 months, under conditions 
designed in every way to facilitate drying, the maximum observed 
change in capillary rise is 0-4 mm., and that in the direction of a 
decrease in surface tension, whereas the increase in surface tension 
recorded by Baker after a year’s drying would have given, even in 
these wider capillaries, an increased capillary rise of about 6 mm. 
Though material changes may yet occur, the conclusion at this 
stage is, evidently, that intensive drying has not produced any 
change in the density or surface tension of benzene such as would 
justify an assumption of appreciable change in degree of association 
or of fractional separation of pseudo-components. It may be said 
that the duration of these experiments is insufficient, but there are 
numerous cases cited in the literature where effects attributed to 
intensive drying have been observed in shorter periods, and, though 
our experiments cannot yet suffice to prove a negative, it seems 
useful to record at this stage the evidence they have so far afforded. 
The experiments will be continued and may yield results of interest 
some years hence. 
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LVI.—The Mechanism of Thermal Decomposition of 
the Normal Paraffins. 


By Ernest Nort Haque and RicHarD VERNON WHEELER. 


Suvce Berthelot (Compt. rend., 1866, 62, 905) put forward his well. 
known theory regarding the mode of decomposition of hydrocarbons 
by heat, in which acetylene played the most important part as an 
early product of degradation and as “‘ générateur fondamental des 
carbures pyrogenés,” the literature relating to the subject has 
become extensive, and several attempts have been made to evolve a 
theory which will embrace all the observed facts, which Berthelot’s 
does not. 

Of the more important observations must be mentioned those of 
Thorpe and Young (Proc. Roy. Soc., 1871, 19, 370), Haber (Ber., 
1896, 29, 2691), Bone and Coward (J., 1908, 93, 1197), Davidson 
(J. Ind. Eng. Chem., 1918, 10, 901), and Calingaert (J. Amer. Chem. 
Soc., 1923, 45, 130). 

Thorpe and Young distilled solid paraffins under pressure, obtain- 
ing mixtures of liquid paraffins and olefins which led them to suggest 
a general reaction involving a simultaneous formation of hydrides 
and olefins ; according to this, the primary decomposition of butane 
would be CH,°CH,*CH,°CH, = CH,°CH, + CH,:CH,. 

Haber examined n-hexane, in particular, and found that between 
600° and 800° the primary decomposition involved the elimination 
of methane, leaving one of the next lower olefins, C;H4p. 

Bone and Coward, from the action of heat on methane, ethane, 
ethylene, and acetylene, concluded that methane was the most 
stable and was always a principal product of decomposition of the 
others, particularly above 800°, when one of the main reactions was 
the hydrogenation of such residues as {}CH, ‘CH,, and *CH, (which 
might have momentary separate existence). 

Davidson, continuing work by Zanetti (J. Ind. Eng. Chem., 1916, 
8, 674, 777), studied the “ cracking ” of the ethane—propane fraction 
of natural gas, paying particular attention to the formation of 
aromatic hydrocarbons, which were accompanied by olefins and 
diolefins. Acetylene was absent, though the temperature used was 
insufficient to decompose it had it been formed. Arguing on the 
results of experiments by Jones (J., 1915, 107, 1582), Davidson 
concluded that the aromatic hydrocarbons were produced by 
condensation of the olefins, with elimination of hydrogen. 

Calingaert attempted to determine the initial stage in the decom- 
position of n- and iso-pentane, limiting the temperature to 600°. 
The results suggested that with n-pentane for the most part the 
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carbon chain was ruptured in such a manner as to give an ethyl and 
a propyl group, one of which was then saturated at the expense of 
the other, yielding either (a) ethane and propylene or (6) ethylene and 
propane. To a certain extent, methyl and butyl groups could be 
formed, yielding methane and butylene. 

From our own study of the action of heat on the unbranched- 
chain paraffins, from ethane to n-hexane, we conclude that the 
primary decompositions can be represented by series of equations 
indicating the rupture of the chain at any position, with the pro- 
duction of an olefin and the complementary lower paraffin or, at the 
limit, hydrogen. Thus with ethane, propane, and n-butane we have 
found the primary decompositions to be : 


Ethane: (i) CH,*CH, = CH,:CH, + H-H. 

Propane: (i) CH,°CH,°CH, = CH,.CH, + CH,°H, 
(ii) CH,-CH,-CH, = CH,°CH°CH, + H-H. 

n-Butane : (i) CH,*CH,°CH,°CH, = CH,-CH, + CH,°CH,°H, 
(ii) CH,*°CH,°CH,-CH, = CH,°CH°CH, ++ CH,°H, 
(iii) CH,-CH,°CH,°CH, = CH,°CH,°CH°CH, + H-H. 


With each hydrocarbon, the reactions are given in order of their 
importance. As the series is ascended, the tendency for hydrogen 
to be eliminated, leaving an olefin with the same number of carbon 
atoms as the original paraffin, rapidly diminishes. 

Equations (i) and (ii) for propane have recently been suggested, 
as conforming with the results of their experiments, by Pease 
(J. Amer. Chem. Soc., 1928, 50, 1779) and Frey and Smith (J. Ind. 
Eng. Chem., 1928, 20, 948), who have also suggested equation (i) for 
ethane. Of the four possible equations for n-pentane, Calingaert 
(loc. cit.) noted the first three. 

Following these primary decompositions, many complicated 
reactions occur during “ pyrosynthesis”’ at the same or higher 
temperatures. With ethane, for example, at temperatures above 
100°, the hydrogenation of fugitive ‘‘ residues,” ‘CH,, as suggested 
by Bone and Coward (loc. cit.), would seem to occur. At com- 
paratively low temperatures, subsequent to the formation of ethylene, 
butadiene is produced from each of the paraffins (compare Norton and 
Andrews, J. Amer. Chem. Soc., 1886, 8,1). Above the range 700— 
150°, under the conditions of our experiments, benzene and other 
aromatic hydrocarbons are produced from each gas (methane in- 
tluded). At this stage of the syntheses, ethylene appears to be the 
tarting point. Our experiments show that ethylene readily 
plymerises to butylene which, by elimination of hydrogen, yields 
vutadiene. From the presence of six-membered unsaturated hydro- 
rbons (liquids, b. p. 59° and 78°) amongst the synthetic products 
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from the paraffins, we conclude that the butadiene reacts with 
ethylene (compare Jones, loc. cit.), the suggested mechanism 
being : 


(a) CH,:CH, + CH,:CH, —»> CH,-CH,*CH:CH, —> 
CH,:CH-CH:CH, + H,, 
(b) CH,:CH-CH:CH, + CH,:CH, —> either 
CH,:CH-CH,°CH,°CH:CH, or CH,:CH-CH:CH-CH:CH, + H, 
CH, D 
na i es ct Na, | 
CH CH CH CH " 
\FZ \Z vA 
CH 


Further, by analogy with the formation of diphenyl! from benzene, 
it is reasonable to suppose that butadiene can condense with benzene, 
hydrogen being eliminated, to form naphthalene ; and that anthra- 
cene and phenanthrene can be formed from the naphthalene in a 
similar manner. 

The first member of the series, methane, requires separate con- 
sideration. Although the absence of a C—C linkage causes its 
behaviour to be different from that of the higher members, its 
decomposition point being about 200° higher than that of ethane, 
whereas there is but a 25° interval between the decomposition 
points of the others, yet liquid hydrocarbons in quantity are 
produced from methane, the formation of benzene being at its 
optimum over the range 1000—1100°.* As Bone and Coward 
(loc. cit.) have shown, the main decomposition of methane is ulti- 
mately to carbon and hydrogen. At comparatively low temper- 
atures, however, ethylene is formed. As with other paraffins, we 
regard this ethylene as the source, through butadiene, of the benzene 
and other aromatic hydrocarbons produced. The mechanism of 
the early decomposition may be expressed by CH,-H—>:CH, + HH, 
two of the CH, residues, of fugitive existence as postulated by Bone 
and Coward, combining to form ethylene. 

With regard to our suggested mechanism of the primary decom- 
positions of the paraffins possessing a carbon chain, Professor T. M. 
Lowry has pointed out to us an analogy with the mechanism of 
reversible isomeric changes which he has been good enough to 
outline in an addendum to this paper. ’ 


* In the publication of these observations we have been anticipated by 
Fischer (Brenn. Chem., 1928, 9, 209), whose method of experiment has been 
almost identical with our own. We confirm his results in all important 
particulars. 
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EXPERIMENTAL. 

The Hydrocarbons.—Methane was obtained from a blower of 
firedamp at a coal-mine in South Wales. ‘The firedamp contained 
no other inflammable gas, but some nitrogen and carbon dioxide 
were present. The methane was purified by liquefaction. Our 
main supplies of ethane, propane, and n-butane were obtained 
compressed from America, where they had been fractionated from 
natural gas. They were already of a high degree of purity, but in 
each instance they were liquefied and fractionated before use. 
Check experiments were made with propane and n-butane prepared 
by the Grignard reaction, liquefied, and fractionated. The purity 
of the gases was tested by their boiling points and by explosion 
analyses. The liquid hydrocarbons, n-pentane and n-hexane, 
were obtained from as pure a source of supply as possible and 
fractionated many times to ensure that only the unbranched-chain 
paraffin was present. The purity of the final products (the yields of 
which were often poor) was checked by density determinations. 

Method of Experiment.—With each hydrocarbon three types of 
experiment were made : (1) static ; (2) circulation ; and (3) stream, 
in which large volumes of each gas were passed at a constant rate 
through a tube of quartz heated at a constant temperature, the 
liquid and gaseous products of decomposition being collected. 
Only the ‘‘ stream ” experiments need be described. 

Stream Experiments.—The apparatus used is shown diagram- 
matically in Fig. 1. The gas was passed through a Venturi meter, 
V, and a bubbler, B, to the upper end of the reaction tube, T, which 
was supported vertically within an electric furnace, F. The reaction 
tube was 70 cm. long and of 2-2 cm. internal diameter. A narrow 
quartz tube, P, with its lower end closed so as to form a pocket for 
a thermocouple, was arranged axially within the reaction tube. 
On issuing from the reaction tube, the gases passed through three 
condensers, C, in series, cooled by solid carbon dioxide dissolved in 
ether, contained in Dewar vessels, D. Attached to the bottom of 
each condenser were graduated receivers, R. Ground joints were 
used throughout the apparatus. 

In carrying out an experiment, a stream of nitrogen was passed 
through the apparatus until all air had been swept out. Con- 
nexion was then made to the supply of hydrocarbon, the rate of 
flow of which was adjusted to 4 litres per hour. In each experiment, 
from 12 to 16 litres of gas were passed. The resultant gases, after 
passing through the condensers, were either bubbled through 
bromine water or, at the end of the first hour, collected in a gas 
holder for analysis, their volume being measured. At the conclusion 
of an experiment, the stream of hydrocarbon was replaced by one of 
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nitrogen, and the furnace allowed to cool. The condensers were 
disconnected, stoppered, and gently warmed so as to allow their 
frozen contents to melt and flow into the graduated receivers, which 
were then removed and 
stoppered. 

The liquid products of 
decomposition were 
weighed and distilled over 
different temperature 
ranges. In recording the 
results, the fraction boiling 
at a low temperature 
(mainly between 80—90°) 
is referred to as the “ benz. 
ene fraction.” It con. 
tained. 85—95% of benz- 
ene, with, at the lower 
temperatures of decom- 
position, some unsaturated 
hydrocarbons. The gase- 
ous products were analysed 
and in some experiments 
liquefied, with subsequent 
fractionation. In other 
experiments they were 
brominated. Records 
were kept of the amount 
and character of the car. 
bon deposited within the 
reaction tube, which was 
thoroughly cleaned by 
burning out between suc- 
cessive experiments. 

When a liquid paraffin 
was used, the procedure 
was modified slightly, the 
liquid being run directly 
into the reaction tube by 
allowing it to trickle down the thermocouple sheath, the rate of 
flow (0-166 g.-mol. per hour) being comparable with the rate of 4 
litres per hour used for the gases. 

Gas Analysis.—Owing to the complexity of the mixtures obtained 
at temperatures below 750°, accurate gas analyses often could not be 
made, The higher paraffins, propane in particular, are soluble in 
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some of the reagents used for estimating other constituents, whilst 
ethylene, when present in high concentration, is appreciably soluble 
in the ammoniacal silver chloride used for estimating acetylene. 
When comparing the analyses, the fact that some ethylene is recorded 
as “‘ acetylene” should be borne in mind. In some of the experiments 
at the lower temperatures the gases were brominated, the bromides 
fractionated under reduced pressure, and the unsaturated hydro- 
carbons regenerated by means of a zinc-copper couple, according to 
the scheme suggested by Manning, King, and Sinnatt (Fuel Research 
Board, Tech. Paper No. 19, 1928). The products of decomposition 
above 750° did not present any difficulty, since the unsaturated 
hydrocarbons were much diluted with methane and hydrogen and 
the higher paraffins had been mostly decomposed. 

Results of Experiments.—-The results obtained from the ‘‘ stream ” 
experiments with each hydrocarbon are summarised in the tables 
that follow, the percentages of total liquids, “‘ benzene ”’ fraction, 
and carbon being given by weight, and others by volume. 


TABLE I, 
The Decomposition of Methane. 


Gas analyses, % (by vol.). 
Increase Total Benzene 7 —— ~ 
i » liquids, fraction, — Higher 
Temp. . y. %. C, %. olefins. C,H, H, CH, 
900° 0-6 . 140 82-6 





950 20 ze 1-1 
1000 16-6 3-7 3°2 1-4 0-4 42-6 54-2 
1050 27°5 2-6 1-7 4:5 0-3 54:3 43-3 
Methane (see Table I). At 1000°, crystals of naphthalene were 
formed. The gaseous products of decomposition at 950° were 
brominated. Distillation of the bromides showed the presence of 
ethylene dibromide and butadiene tetrabromide. The liquids 
distilling below 170° for the most part (about 95%) boiled at 80° 
and were found to be benzene. A small quantity boiled between 
76—80°. The liquids of high boiling point contained naphthalene 
and anthracene. 
Ethane (see Table II). There were no liquid products at 700°, 


TABLE IT. 


The Decomposition of Ethane. 
Gas analyses, % (by vol.). 


—- 2-8 
Trace 0-9 3-7 31-5 63-9 

2:8 

2-1 





Increase Total Benzene 
3 a fraction, Higher 
Temp. %. % C,%. olefins. O,H;. 
700° = 82- i Nil 
750 53° “1 Trace 
800 3- - ! aie 
850 . ‘ 
900 . s ° 8: 1 
950 . . 
1000 : S is. 2 
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whereas Williams-Gardner (Fuel, 1925, 4, 430), working in these 
laboratories, obtained traces when using a much slower gas-stream 
(4 1. per hour). At 750°, a high proportion of the liquids obtained 
was found to be unsaturated. The gases were liquefied (by liquid 
air) and brominated, the white crystalline solid, m. p. 114°, obtained 
being proved to be butadiene tetrabromide. At 800°, crystals of 
naphthalene were deposited, and the gases contained butadiene. 
At 850°, the gases contained a small quantity of butadiene, whilst 
the liquids distilled mainly between 80—85°, and proved to be 
benzene. At 900°, the liquids contained much heavy oil, only about 
half distilling between 80—100°. At 950°, much naphthalene was 
formed, and more than half the liquid condensed was benzene. 

As the temperature of decomposition was raised from 750°, the 
total yield of liquid products increased until a maximum was 
reached at 900°, the yield then representing 21-9°, by weight of the 
ethane passed. The fraction of the liquids boiling between 80—90° 
was at a maximum for the decomposition at 850°. The liquids formed 
at 750° were chiefly unsaturated hydrocarbons, but the low-boiling 
fraction obtained at 850° and above was nearly pure benzene, the 
residual oil being composed chiefly of naphthalene and anthracene. 

From the gas analyses and the volume changes, it will be seen 
that at 700° about 90% of the ethane that decomposed did so 
according to the equation C,H, = C,H, -+ H,. As the temperature 
of decomposition was raised, the proportion of hydrogen formed 
continuously increased, whilst that of the ethylene reached a 
maximum and then rapidly decreased. Methane and the higher 
olefins, it would seem, are secondary products of decomposition, for 
the proportion of methane increased with rise of temperature to 
950°, thereafter decreasing, and that of the higher olefins reached 
a maximum at 750°. Butadiene was found in the gases at 750°, 
800°, and 850°. 

It will be noticed that at no temperature did the ratio CH,/H, in 
the products of decomposition in these “stream ”’ experiments 
reach the high value 1-94 found by Bone and Coward (loc. cit.) on 
heating ethane in closed tubes, a result which, with other con- 
siderations, led them to postulate the transitory existence of un- 
saturated :CH, residues. We confirm the high value of this ratio 
when ethane is heated in closed tubes at 800° during } hour, and 
conclude therefrom that the formation of methane by the hydrogen- 
ation of :CH, residues (arising from the partition of the ethylene 
molecule) is a secondary reaction. 

Propane (see Table III). The percentages of methane are 
minimum values, calculated from explosion analyses, after all but 
paraffins had been absorbed, on the assumption that only methane 
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TABLE LIT. 
The Decomposition of Propane. 
Gas analyses, % (by vol.). 





Increase Total Benzene 
in vol., liquids, fraction, Higher 

%. %. , * C, %. olefins. C,H,. 

§2°5 . — — 14-2 

88-8 } — 13°3 
105-0 : 1 Trace 
106-2 . ll- 0-9 
119-0 . 5-0 
144-0 11-3 
159-0 18-3 


H,. CH,.* 
118 14-1 
13:3 26°8 
20°8 38-8 
26-6 46-2 
33°4 =45°8 
44-0 41°5 
513 36-1 
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aud ethane (not recorded in Table III) were present. Actually, 
there was some undecomposed propane at the lower temperatures. 
A direct (rough) estimation of propane in the mixed paraffins from 
the decomposition at 700°, by absorption with absolute alcohol, 
showed them to contain about 30%. The figure for methane in 
that analysis should therefore be raised to about 20%. 

At 750°, a mobile liquid was obtained, d 0-635, fractions of which 
boiled at 80°, 91°, and 102°. At 850°, a high proportion of the 
liquids boiled between 80—90°, and a further portion at 108°. 
Butadiene was found in the gases at 750°, 800°, and 850°. 

The yield of liquid products reached a maximum at 850°, repre- 
senting 23-0% of the propane passed. The liquids obtained at 
temperatures below 800° did not solidify in the cooled receivers 
(about —80°) and were mainly unsaturated hydrocarbons. Above 
800°, they were mainly aromatic. 

A study of the gas analyses and volume changes shows that 
(1) the proportion of hydrogen increased continuously with rise of 
temperature of decomposition; (2) the proportion of methane 
reached a maximum at 850° and that of ethylene at 750°. In the 
products of decomposition at 700°, the proportions of ethylene and 
methane (corrected value) were nearly equal, indicating that the 
propane had decomposed in two ways: (a) C;H, = CH, + C,H, 
and (b) C,H, = H, + C,Hg, the values showing that, of the propane 
that decomposed, 60% did so according to (a) and 35—39% accord- 
ing to (6). This calculation was confirmed by estimating the 
propylene in the gases by the method of Manning, King, and 
Sinnatt (loc. cit.). 

n-Butane (see Table IV). At 650°, traces of a low-boiling (—5°) 
oil were obtained, and bromination of the liquefied gases showed the 
presence of butadiene. The gases also contained a high proportion 
of ethane. At 700°, as with propane at 750°, an unsaturated oil, 
liquid at —80°, was produced. Fractions of this oil boiled at 33° 
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TaBLeE IV. 
The Decomposition of n-Butane. 


Gas analyses, % (by vol.). 
Increase Total Benzene - —_—— — 
in vol., liquids, fraction, Higher 
Temp. %. %. %. (C,%. olefins. C,H,. . H,. CH,? 
650° 71 = ° 1-4 ° ‘1 WNil 
700 87°5 ° 2- . 3 19-9 
750 103-6 8- 6 400 
800 140-0 . 12- 2 46-2 
850 —_— . 12- 2 518 
. 9- 0 
4- 1 
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2 1 
9 1 
9 2 
7 2 
3 3 
6 6 


11 | 


900 —_— 54-2 
950 215-0 29-7 
Minimum values. 


and 93°, the bulk distilling below 70°. The gases contained butadiene 
and much ethane. At 750°, the bulk of the liquids boiled between 
80—120°, and the gases contained butadiene and some ethane. At 
800°, most of the oils solidified in the cooled condensers ; the gases 
contained butadiene. At 850°, 900°, and 950°, the oils (chiefly 
benzene) became progressively darker in colour and naphthalene 
was formed. 

The total yield of oils reached a maximum at 850°, corresponding 
to 24-6% of the butane passed. Most of the oils obtained at 700°, 
and a high proportion of those at 750°, were unsaturated hydro- 
carbons, but at higher temperatures benzene was the chief liquid 
product. 

The results indicate that at low temperatures (650—700°) butane 
decomposes in three ways: (a) C,H,, = C,H, + C,Hy, (6) CyHy = 
CH, + C3H,, and (c) C,H,, = H, + C,H,; but the gas analyses 
give no clear indication as to the proportion in which the butane 
decomposes according to these three equations, for the proportions 
of propylene and butylene in the higher olefins are not disclosed by 
them, whilst the proportions of methane, ethane, and butane in the 
mixture of paraffins obtained at the lower temperature of decom- 
position could not be determined by explosion analysis. This in- 
formation was, however, obtained in another way. The gaseous 
products of decomposition at 650° were passed through bromine 
water, and when the resulting bromides (98 g.) were distilled under 
reduced pressure (16 mm.), 88 g. boiling below 80° were obtained, 
the solid residue being chiefly butadiene tetrabromide. Part of the 
liquid fraction was treated with zinc-copper couple in alcohol and 
the olefins thus regenerated, when analysed by the method of 
Manning, King, and Sinnatt, showed: Ethylene, 43; propylene, 
36; and butylene, 21%. Hence, about 40%, of the butane that 
decomposed did so according to reaction (a), 35% according to (6), 
and 20% according to (c). 
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TABLE V. 
The Decomposition of n-Pentane. 
Gas analyses, % (by vol.). 


Total Benzene 
liquids, fraction, Higher 
Temp. %- %. 1 ‘ , . , CH,.* 
600° 79-2 —_ . . . 24-0 

20-0 9-7 . 26-4 

16-2 75 . 41:0 
21-4 11-6 . . : . 48-5 
26-8 11-9 : 29- 45-2 





* Minimum values. 


n-Pentane (see Table V). Most of the liquid obtained at 700° 
boiled between 35-8—36-2° (undecomposed pentane), but a fraction 
distilled at 58° and was unsaturated. At 750°, decomposition of 
the pentane appeared to be complete, most of the oils (which solidi- 
fied in the cooled condensers) distilling between 80—84°. At 800° 
and 850°, also, the liquid distillates were mainly benzene. 

A change in the character of the products of decomposition took 
place at 750°, liquid aromatic hydrocarbons being then formed in 
increasing quantity up to 850°. The chief constituent of the gases 
at all temperatures was methane. The proportion of ethylene 
reached a maximum at 750° and that of the higher olefins at 700°. 
The proportion of hydrogen increased continuously with increase of 


temperature. 
TaBiE VI. 


The Decomposition of n-Hexane. 


Gas analyses, % (by vol.). 
Total Benzene — — 


liquids, _ fraction, igher 
Temp. %. %. an C,H, C,H,. 
a 
600° 87-7 23°5 
650 63-3 23-1 
35-6 21-8 
27:3 
30-6 58 
33-7 3°3 
33°8 1:3 
30-1 
10-0 
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* Minimum values. 


n-Hexane (see Table VI). Little of the hexane was decomposed 
at 600°. The gases contained butadiene. At 650° and 700°, some 
of the liquid collected was unsaturated, and the gases contained 
propylene and butylene as well as butadiene. At 750°, the oils 
obtained were of dark colour and solidified in the cooled condensers, 
boiling for the most part at 80°. 

The results were similar to those obtained with n-pentane. De- 
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composition was appreciable at 600° and apparently complete at 
725°. Above that temperature, the yield of liquids increased to a 
maximum at about 850°, 33-8% by weight of the hexane passed 
being transformed into liquid hydrocarbons (chiefly aromatic) at 
that temperature. The nature of the gases changed between 
700—750°, corresponding with the production of aromatic hydro. 
carbons. At 600°, a liquid of b. p. 59° was obtained which, as 
judged from its similarity with liquid fractions obtained during the 
decomposition of butane and pentane, was 1: 5-hexadiene. At 
650°, the liquids obtained began to boil at 30°, suggesting the presence 
of C, compounds such as the amylene found by Haber (loc. cit.), 
From the gas analyses it would appear that at temperatures up to 
700° the important reactions are those of “ demethanation” 
(compare Haber), “‘ de-ethylenation,” and “‘ dehydrogenation,” in 
the order named. 

Perhaps the most striking feature of the results considered as a 
whole is the similarity in behaviour of all the hydrocarbons, methane 
included, at the higher temperatures. Below 750°, when the 
primary decompositions are taking place, each hydrocarbon follows 
its own proper course, but at the higher temperatures the (secondary) 
reactions are similar with all. 

The temperature range 700—750° is a transition period. Within 
that range, with all the paraffins except methane, the production of 
ethylene reaches a maximum. Under similar conditions, the same 
types of liquids (aromatic hydrocarbons) are obtained throughout 
the series from ethane to hexane. The common source of these 
liquids would therefore seem to be a C, unsaturated hydrocarbon. 
Acetylene has for long been regarded as the source of benzene during 
decompositions of this character, but recent work, e.g., Davidson's 
(loc. cit.), has stressed the absence of acetylene from the gaseous 
products. Davidson found, also, that on passing mixtures of 
acetylene, ethane, and propane through a tube heated at temper- 
atures ranging from 550—950°, acetylene could always be detected 
in the products even though its original concentration was as low 
asQ-1%. In the present work, although acetylene has been recorded 
in the gas analyses, treatment of the gaseous products on a large 
seale with ammoniacal silver chloride has yielded but traces of 
precipitate, whilst no acetylene tetrabromide has been obtained on 
their bromination. Further, on treating acetylene in a similar 
manner to the paraffins (see later), we have found that the maximum 
yields of benzene by polymerisation are obtained over the range 
650—700°. Aromatic hydrocarbons would be expected from the 
paraffins over this temperature range were acetylene their source, 
whereas they are not produced below 750°. 
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Ethylene alone fulfils all requirements as a producer of benzene in 
these experiments. It is fairly stable up to 750° and yields aromatic 
hydrocarbons above 700°. In the decompositions of the paraffins, 
the yields of ethylene are proportional to the percentage yields (at a 
higher temperature) of aromatic hydrocarbons. Thus with ethane, 
propane, butane, and pentane the maximum percentage of ethylene 
in the products of decomposition is about 24, and the maximum yield 
of liquid products, expressed as a percentage by weight of the 
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hydrocarbon. passed, is about 24 with each. With hexane, the 
maximum percentage of ethylene is 33-2 and the maximum yield 
d liquid products is 33-8%. 

The yields of liquids, and the temperature ranges over which those 
yields were obtained, are shown graphically in Fig. 2, where the 
jields, expressed in g. per g.-mol., are plotted against temperatures 
if decomposition. The results for hexane have been omitted to 
woid rendering the diagram cumbersome. As the series is ascended 
tom ethane to pentane, the yields of liquids increase approximately 

P 
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in the ratio 2:3:4:5, showing that the percentages (by weight) 
of these paraffins thus transformed are about the same. That this 
should be so can perhaps be deduced from the fact that the con. 
position of the gases produced over the critical temperature-rang 
for the formation of liquids (750—800°) is nearly the same for each 
of these hydrocarbons. Hexane, which yields an abnormally high 
proportion of ethylene, yields also abnormally high quantities off. 
liquids. 

Comparative experiments were made with ethylene and acetylene, 
more particularly to determine their temperatures of decomposition 
and polymerisation and the character of the liquid products yielded 
by them. 

TaBLe VII. 
The Decomposition of Ethylene. 
Gas analyses, % (by vol.). 


Total Benzene ~——— 

liquids, fraction, Higher 
Temp. %. . olefins. C,H, C,H,. 
700° 13-5 : 9-2 8-2 55-2 
750 25-5 3- 4-4 4:8 40°5 
800 28-9 : 1-4 4-2 16-1 
850 15-5 . 0-4 1-1 6-6 


* Minimum values. 


Ethylene (see Table VII). Of the liquids obtained at 700° and 
750° (d 0-8), half distilled between 80—86°, a small fraction boiling 
at 72—76°. The gases contained butylene and butadiene. The 
liquids obtained at 800° were brown; most distilled between 
80—84° and some at 120—130°, leaving a residue of naphthalene. 

The optimum temperature for the production of liquids (mainly 
benzene) was between 750—800°, the total yield at 800° representing 
289% of the ethylene passed. The dilution of ethylene with 
hydrogen in certain other stream experiments resulted in decreased 
yields of benzene and the temperature range for the maximum yield 


was increased, the mixture giving results similar to those obtained . 


with ethane. This result is consistent with the suggested primary 
decomposition of ethane. The gas analyses show that ethylene is 
fairly stable up to 750°, as appears also from the experiments with 
the paraffins, where the maximum concentrations of ethylene in the 
products of decomposition were obtained between 700—750°. The 
figures for acetylene in the gas analyses (Table VII) are too high, 
for the reason previously stated. On passing the gases from decon- 
position at 750° and 800° through ammoniacal silver chloride, as 
they issued from the apparatus, only traces of precipitate werellj; 
formed. 

Several stream experiments were carried out at 600°, 650°, and 
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675°, and the resultant gases brominated. The bromides were 
distilled and the residual solid, after recrystallisation from alcohol, 
proved to be butadiene tetrabromide. 

A series of experiments, for which we are indebted to Mr. W. L. 
Wood, M.Se.Tech., were made in which samples of ethylene were 
heated at different temperatures in quartz bulbs during three hours, 
and the resultant gases analysed. Between 400—700° the ethylene 
was found to polymerise, yielding butylene, the optimum temper- 
ature being 500°. Some of the results are recorded in Table VIII. 


TasBLE VIII. 
The Polymerisation of Ethylene. 
Gas analyses, % (by vol.). 
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TABLE IX. 


The Polymerisation and Decomposition of Acetylene. 


Gas analyses, % (by vol.). 

Total Benzene e Aid N 

liquids, fraction, Higher 
Temp. %. %. C, %. olefins. C,H, C,H, 4H, CH,.* 
600° 30-8 — — 0-8 53-2 ? 27-9 8- 
650 61-1 26-4 9-7 1-2 29-5 . 34-0 . 
7002 611 24-8 16°7 1-2 2-4 . 43-8 
750 = 467 18-3 22-1 0-2 0-7 . 50-1 

* Minimum values. 

Acetylene (see Table IX). At 600°, considerable quantities of 
jolt carbon were produced in the reaction tube and fell from it. 
:@lhis carbon had absorbed the bulk of the oils formed. At other 
.._ temperatures much soft carbon was formed. ‘The maximum yields 
of liquids were obtained over the range 650—700°, the amount 
representing 61-1°% of the acetylene passed. 
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ADDENDUM. 
By Tuomas Martin Lowry. 


According to the mechanism of decomposition outlined in this 
paper, the degradation of the paraffins proceeds by the reversible 
elimination of a molecule HX, which may be either a paraffin of 
smaller molecular weight or hydrogen itself. The residue from this 
initial decomposition is then an olefin, and the process may be 
compared with the elimination of an acid or of water from any 
other addition compound of an olefin. Thus the decomposition 
represented by the equations 


CH,-CH,,OH => CH,‘CH, + H-OH 
and ‘CH, CH, '0-S0,OH => CH,:CH, + HO-S0,-0H 


may be compared with the pyrogenic decompositions described in 
the present paper. A more detailed analogy can be found in 
Buitlerow’s study (Annalen, 1877, 189, 44) of the equilibrium between 
tert.-amyl] alcohol and isoamylene in presence of 50% sulphuric acid 
C;H,,0 == C;H,) + H,O. The decomposition of the paraffins i 
thus pictured as conforming to self-established precedents, and 
depending on a mechanism of a very general character. 

The pyrogenic synthesis is then imagined as proceeding according 
to two well-established processes, depending on polymerisation an 
on elimination of hydrogen, successively. The first of these pro 
cesses, which converts ethylene into butylene, can be compared with 
Butlerow’s conversion of isobutylene into isodibutylene : 


CH CH . 


(Annalen, 1877, 189, 65). This process is merely a reversal 0 
the pyrogenic decomposition cited above, since the action can | 
envisaged most readily as an addition of the radicals ~CH:C(CHg), an 
H to the olefin CH,:0(CH,),. 

The second process converts butylene into butadiene by th 
elimination of hydrogen, and is identical in type with the origin 
pyrogenic decomposition. It is also analogous to the pyrogeti 
decomposition of benzene to diphenyl and hydrogen: 2C,H, 
C,H,;'C,H; + H,. A further application of this mechanism wi 
suffice to convert a mixture of ethylene and butadiene into hexatrier 
and then into benzene, and the further condensation of benzene wit 
butadiene will give rise to naphthalene, anthracene, -and oth¢ 
aromatic hydrocarbons. 

A complete survey of the pyrogenic decomposition of the parafii 
can thus be made, without the intervention of acetylene, on the bas 
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of a single well-established reaction of the olefins, viz., the reversible 
addition and subtraction of hydrides of various types, since the 
polymerisation is merely a special case of reversible addition of a 


hydride, the olefin itself. 
UNIVERSITY OF CAMBRIDGE. 





LVII.—Acid and Salt Effects in Catalysed Reactions. 
Part XIX. The Catalytic Activity of Chloroacetic 
Acid in the Hydrolysis of Ethyl Acetate. 


By Harry Meprorta Dawson and Wi114m Lowson. 


PREVIOUS observations (J., 1927, 2444) on the rate of hydrolysis of 
ethyl acetate with acetic acid as catalyst indicate that catalytic 
activity must be ascribed to both the acetic acid molecule and the 
acetate ion. When the concentration of the acetic acid is fixed 
and gradually increasing quantities of sodium acetate are added, 
the reaction velocity passes through a minimum, and it has been 
shown that the connexion between the velocity and the logarithm 
of the hydrogen-ion concentration is closely represented by the so- 
called catalytic catenary. When chloroacetic acid is used as 
‘m catalyst, the relations presented by the velocity measurements are 
much less simple, and the co-ordination of the effects has necessitated 
amore complete examination of the catalytic behaviour of the acid. 

With reference to the general equation v = k,[H*] + &,[A7] + 
k»{H.A], it may be pointed out in the first place that the coefficients 
k, and k» for acetic acid are very small compared with k,. Since 
k, increases and k, diminishes with increase in the ionisation constant 
of the catalysing acid, it was anticipated that little difficulty would 
be experienced in obtaining evidence for the catalytic activity of 
the chloroacetic acid molecule. It was found, however, that the 
formation of hydrochloric acid by chlorine hydrolysis of the chloro- 
acetate interferes with the direct determination of the rate of ester 
hydrolysis when the chloroacetate is present in any considerable 
quantity. The incidence of this reaction sets a limit to the reduction 
of the hydrogen-ion concentration of the chloroacetic acid solutions 
by the addition of the corresponding salt for the purpose of obtaining 
conditions under which the velocity of the reaction is no longer 
dominated by the catalytic effect of the hydrogen ion. Quite apart 
dm tom the chlorine hydrolysis, such conditions are much more difficult 
to realise with chloroacetic than with acetic acid, for the increase in 
the k, value in passing from acetic to chloroacetic acid is very much 
less than the corresponding increase in the ionisation constant. 
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In further illustration of the difficulties which are met with in the 
present series of experiments, a comparison may be made between 
the catalytic effects which are associated with chloroacetic acid in 
the hydrolysis of ethyl acetate and in the acetone—iodine reaction, 
For the latter, the value of k,,/k; is about 35 times as large as it js 
for the former reaction. Whilst, therefore, the determination of k,, 
for chloroacetic acid as catalyst in the acetone reaction can be 
readily effected with considerable accuracy, it is apparent that the 
evaluation of k,, for the ester hydrolysis may be seriously interfered 
with by those indirect catalytic influences which have been discussed 
by Dawson and Key (J., 1928, 1239, 1248) under the name of inert. 
salt effects and by Brénsted (Z. physikal. Chem., 1922, 102, 169) 
under the name of primary and secondary kinetic salt effects. 

In the investigation of the catalytic effects produced by chloro- 
acetic acid or by the corresponding acid—salt mixtures, it has, there- 
fore, been necessary to take account of the chlorine hydrolysis of the 
catalyst and of the influence of ionic environment on the catalytic 
coefficients and on the ionisation constant of the acid. With regard 
to the chlorine hydrolysis, it may be shown that this is negligible 
in experiments with 0-05 and 0-1N-chloroacetic acid when the con- 
centration of the added chloroacetate does not exceed 0-2 mol. per 
litre. At greater concentrations, the hydrochloric acid formed not 
only interferes with the direct determination of the quantity of 
ester which has been hydrolysed, but by interaction with the 
sodium chloroacetate it alters the ratio of chloroacetate to chloro- 
acetic acid and therefore the hydrogen-ion concentration of the 
solution. If, however, the hydrolysis of the ester is confined to the 
early stages of the reaction, it may be shown that this alteration does 
not appreciably affect the measurement of the required reaction 
velocity. 

In order to ascertain the influence of the variations in ionic 
environment, experiments have been made with solutions of sodium 
chloride, which has no direct catalytic action in the hydrolytic change. 
In the application of the results of these experiments, it is assumed 
that the changes produced by sodium chloride in i, and K are the 
same as those which may be attributed to equivalent quantities 
of sodium chloroacetate. Some such assumption is inevitable, 
although there can be little doubt that the inert-salt effects are not 
generally independent of the nature of the constituent ions. The 
results previously obtained with potassium; sodium, and lithium 
chlorides in the study of the acetone-iodine reaction with acetic 
acid as catalyst (loc. cit.) show, indeed, very clearly that the inert- 
salt effect is not solely determined by the ionic strength of the solu- 
tion but that specific influences are involved. 
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By restricting the reaction to its early stages, two other minor 
sources of disturbance have been avoided, namely, those associated 
with the catalytic action of the acetic acid formed and with the 
retarding effect of the reverse reaction. 

The experiments were made at 25° with solutions which contained 
20 c.c. (0-206M) of ethyl acetate per litre, and in the first instance 
attention will be directed to those observations which seem to 
establish the existence of a catalytic effect attributable to the mole- 
cule of chloroacetic acid. In these experiments, the catalytic in- 
fluence of the hydrogen ion was reduced by the use of solutions which 
contained sodium chloroacetate and chloroacetic acid in the ratio 
10:1. In order to eliminate the effect of chlorine hydrolysis, 
parallel experiments were made with solutions which contained no 
ester. The corresponding pairs of solutions were titrated after 
equal intervals of time and the difference in the titres obviously 
affords a measure of the rate at which the ester is hydrolysed. The 
results of two such experiments are shown in Table I. The first 
row gives the time in minutes, the second shows the volume of 
0:1N-sodium hydroxide required to neutralise 25 c.c. of the ester- 
free solution, whilst the third gives the figures for the ethyl acetate 
solution. The fourth row represents the difference (y) which 
affords a measure of the ester hydrolysed, and the fifth gives the 


values (x 104) of the specific velocity v = 1/t. log, a/(a — y) with 
a= 51-5. 


TABLE I. 
0-1N-CH,CI-CO,H + 1-0N-CH,Cl-CO,Na. 
) 9,900 15,500 21,260 28,470 

C.c. alkali (no ester) . 1-20 2-17 3-19 4-36 

C.c. alkali (with ester) ... ! 2-62 4-41 6-20 8-40 

. 1-42 2-24 3-01 4-04 
0-0283 0-0287 0-0283 0-0287 
Mean 0-0285 


0-05N-CH,Cl-CO,H + 0-50N-CH,CI-CO,Na. 
4,060 9,850 15,450 21,220 28,460 
C.c. alkali (no ester) 0-08 0-30 0-49 0°75 1-01 
C.c. alkali (with ester) ... 0°53 1-44 2-31 3°19 4°31 
0-45 1-14 1-82 2-44 3°30 
0-0216 0-0227 0-0233 0-0229 0-0233 
Mean 0-023 


From the above table it is apparent that the hydrolysis of the 
ester proceeds in accordance with the equation for a unimolecular 
change with a constant catalytic factor. The collective results 
obtained in the present series of experiments afford no evidence of a 
measurable catalytic effect which might be attributed to the 
chloroacetic anion. This accords with the fact that the catalytic 
activity of the anion of the much weaker acetic acid is already very 
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E) 


small (see Dawson and Lowson, loc. cit.). Since, moreover, the 
experimental results with acetic acid as catalyst leave no room for a 
measurable water effect, it follows that the mean value of the specific 
velocity v affords a measure of the sum of the effects due to the 
hydrogen ion (v,) and the chloroacetic acid molecule (v,,), or 


Vv = 1% + Um = ky [Ht] + ke[HA] = (ka — hm) [H*] + me « (1) 


This equation may be used for the derivation of k,, provided that the 
value of k, (Table II, col. 4) and the value of K (Table II, col. 6) 
from which [H*] is derived by means of the equation [H*] = 
k(c — [H*})/[A-] are those which correspond with the salt con. 
centration of the solution under investigation. For the first experi. 
ment (1N-salt), k, = 8-14 x 10° and K = 2-40 x 10° (compare 
Table IL), whence k,, = 0-090 x 10. For the second experiment 
(0-5N-salt), k,=7:32x 10° and K = 2-53 x 10°, whence 
km = 0-095 x 10-4. 

The values of k,, derived in this way are in close agreement and 
would seem to show that the undissociated chloroacetic acid has a 
measurable catalytic effect. For our purpose the value of k,, may 
be taken as 0-09 x 10+, and in accordance with the evidence 
afforded by previous observations on the acetone—iodine reaction, 
which show that the catalytic activity of the acetic acid molecule 
and of the acetic anion varies but slightly with the salt concentration, 
it is probable that this value is not appreciably affected by the ionic 
environment. 

Dependence of ky, and K on the Reaction Mediwm.—On the assump- 
tion that the variations in k, and K are independent of the nature of 
the uni-univalent salt which is present in the solutions, these 
variations have been derived from reaction-velocity measurements in 
sodium chloride solutions. To obtain the required values of i,, 
measurements were made with 0-01N-hydrochloric acid as catalyst, 
and the results are summarised thus : 

Neti rots. flitre) 0 0-05 O02 O58 10 20 30 40 
ky. 6-47 657 687 7:35 809 985 11-80 1410 

These values of k, are in close agreement with those given by 
Harned and Hawkins (J. Amer. Chem. Soc., 1928, 50, 85) from 
experiments with 0-1N-hydrochloric acid as catalyst. The relation 
between k, and the salt concentration is represented by a straight 
line if the latter is not much greater than 2 mols. per litre, but in 
more concentrated solutions the velocity increases somewhat more 
rapidly. Similar relations have already been noted in corresponding 
experiments with the acetone-iodine reaction. 

The variations in K have been derived by combining the hydro- 
chloric acid experiments with a corresponding series in which 
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0:1N-chloroacetic acid was used as catalyst. In Table II, col. 1 
gives the concentration of the sodium chloride, col. 3 the specific 
reaction velocity v = 1/t. log, a/(a — y), col. 4 the value of k, given 
by the smooth curve which represents the results obtained with 
hydrochloric acid, col. 5 the hydrogen-ion concentration derived 
from [H+] = (v — kyc)/(k_x — km) (compare equation 1), and col. 6 
the ionisation constant K = [H+]*/(c — [H+]). In addition the 
ionic strengths of the various solutions are shown in col. 2. Since 
the ionisation constant varies rapidly with the salt concentration in 
dilute solutions, particular attention has been given to the in- 
fluence of small quantities of sodium chloride. 


TABLE II. 
0-1N-CH,Cl-CO,H + xNaCl. 
fe v. 104. ky « 103, {H+}. K. 10°, 
0-012 0-775 6-50 0-0118 1-58 
0-022 0-799 6-52 0-01215 1-68 
0-032 0-816 6-53 0-0124 1-75 
0-042 0-836 6-55 0-01265 1-83 
0-052 0-845 6-57 0-01275 1-86 
0-063 0-875 6-58 0-0132 2-01 
0-11 0-918 6-66 0-01365 2-16 
0-21 0-970 6-82 0-0141 2-31 
0-31 1-005 6-98 0-0143 2:39 
0-51 1-085 7-32 0-0147 2-53 
1-01 1-177 8-14 0-01435 2-40 
2-01 1-304 9-90 0-0131 1-98 
3-01 1-370 11-80 0-01155 1:51 
4-01 1-330 14-10 0-00938 0-97 
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The concentration of the ester in the above experiments was for 
the most part 20 c.c. per litre, but on account of “ salting out ”’ 
this was reduced to 8-0 c.c. per litre in the case of the 3 and 4M-salt 
solutions. That this reduction in the ester concentration does not 
affect the comparability of the results is shown by the fact that the 
observed velocity for the 2M-salt solution is very nearly the same 
for the two ester concentrations. 

The variation of K with the salt concentration is similar to that 
shown by corresponding data for the acetone-—iodine reaction. In 
so far as the dilute salt solutions are concerned, the two series of 
data are not, however, strictly comparable, for the acetone experi- 
ments were made with solutions which contained a small quantity of 
potassium iodide. 

With regard to the accuracy of the K values, it should be noted 
that the hydrogen-ion concentrations from which these are derived 
depend on measurements of the reaction velocity with both hydro- 
chloric and chloroacetic acids. If the possible error in the observed 
velocity is assumed to be 1%, it is evident that the error in the in- 
dividual values of K may be as high as 4%. The values derived 

P2 
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from K-«x graphs are probably more accurate than this, and such 
smoothed values are actually used in applying these preliminary 
observations to the interpretation of the experiments which are to be 
described. 

Since the ionic strength of the sodium chloride-free solution is 
0-012, it may be anticipated that the value of K for a solution in 
which the ionic effects are negligible will be appreciably less than 
the first recorded value, viz., 1-58 x 10°. In this connexion, 
attention may be directed to the method described by Dawson, 
Hall, and Key (J., 1928, 2844) for the determination of the limiting 
value of K for reaction velocity data. This method when applied 
to the data for chloroacetic acid and the acetone—iodine reaction 
gave for the limiting value K, = 1-51 x 10°. By its application to 
the data for the hydrolysis of ethyl acetate, we obtain Ky = 1-48 x 
10-3. These results suggest that the value of the ionisation constant 
of chloroacetic acid in very dilute solution may be taken as K, = 
15 x 10°. 

Catalytic Activity of Chloroacetic Acid in Presence of Chloroacetate.— 
Experiments with acid-salt mixtures of the series cCH,Cl°‘CO,H + 
2xCH,Cl-CO,Na (c constant, x variable) show that the reaction velocity 
falls continuously as the concentration of the chloroacetate increases. 
On account of chlorine hydrolysis, the investigation of such mixtures 
cannot, however, be extended to solutions for which z is much greater 
than unity. 

The results for two series of constant-acid mixtures are recorded 
in Table III. The first line of figures gives x; the second and third 
the corresponding values of k, and K ; the fourth shows the observed 
velocities given by v = 1/t. log, a/(a — y), and the fifth the velocities 
calculated from equation (1). 


TABLE IIT. 
0-1N-CH,CI-CO,H + 2N-CH,Cl-CO,Na. 


0-02 0-05 0-1 
6-53 6-58 6-66 
1-80 2-00 2°15 
0-413 0-234 0-142 
0-426 0-245 0-146 


0-05N-CH,Cl-CO,H + «N-CH,Cl-CO,Na. 
0-02 0-05 0-1 
6-53 6-58 6-66 
1-80 2-00 . 2°15 
0-224 0-122 0-071 o 23 
0-527 0-236 0-126 0-073 3 


From the general agreement between the observed and the calcv- 
lated velocity it may be inferred that the specific rate of hydrolysis 





ACID AND SALT EFFECTS IN CATALYSED REACTIONS. PART XIx. 399 


of the ester is determined by the sum of the catalytic effects which 
are due to the hydrogen ion and the chloroacetic acid molecule. If 
the variations of k, and K with the ionic concentration are not 
taken into account, the differences between the observed and calcul- 
ated velocities are very large, as may be seen when the latter are 
derived from the limiting values k, = 6-50 x 10% and K = 1-:5x 10°. 
For the successive experiments with 0-1N-chloroacetic acid in Table 
III these calculated velocities are 0-756, 0-368, 0-188, 0-102, 0-056, 
and 0-018. 

In further support of the interpretation given to the experiments 
of Table IIT, measurements have also been made with solutions of 
chloroacetic acid—chloroacetate mixtures in which the total salt 
concentration was kept constant at 1 mol. per litre by the addition 
of sodium chloride. In these circumstances the inert-salt factor 
remains unchanged and the observed reaction velocities can be 
satisfactorily expressed in terms of equation (1) with constant values 
of k, = 8-14 x 10% and K = 2-40 x 10° (compare Table IT), as may 
be seen from Table IV. 


TaBLeE IV. 
0-1N-CH,Cl-CO,H -}+ «N-CH,Cl-CO,Na + (1 — x)N-NaCl. 
z 0-02 0-05 0-1 0-2 1-0 
v 


9 BO We crcesscndrtanes 1-177 0-656 0-353 0-195 0-104 0-0285 
v. 10 cale. 1-175 0-653 0354 0-195 0-105 0-0285 


Influence of Concentration on the Catalytic Activity of Free Chloro- 
acetic Acid.—Variations in the catalysing power of an acid with its 
concentration were first used by Dawson and Powis (J., 1913, 103, 
2135) for the determination of the coefficients which express the 
catalytic activity of undissociated acid molecules. The numbers 
derived in this way for the acetone—iodine reaction have since been 
confirmed by experiments with acid-salt mixtures. It should be 
clearly recognised, however, that the successful application of the 
nethod depends on the magnitude of the ratio k,,/k;,. The measured 
velocity represents the sum of the partial velocities due to the ionised 
and to the un-ionised acid, and since the ionic strength of the solution, 
and therefore the ionisation constant of the acid, increases with the 
total concentration of the acid, it follows that the increase in the 
catalytic effect due to the ionised acid will be greater than it would 
lave been if the ionisation constant of the acid were independent of 
its concentration. If k»/k, is relatively large, this variation of K 
may not interfere very much with the determination of k,,, but will 
ibviously do so if k»/k, is very small. For this reason, the variation 
it the velocity of hydrolysis of ethyl acetate with the concentration 
i the catalysing acid cannot be used for the determination of k,, for 
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chloroacetic acid, although this method is readily applicable in the 
case of the acetone—iodine reaction. Furthermore, there is reason to 
believe that the changes in K due to ionic environment cannot be 
assumed to remain the same when a univalent metal ion is replaced 
by the stoicheiometrically equivalent quantity of “ hydrogen ”’ ion, 
In these circumstances it is not possible to calculate the velocities 
for the chloroacetic acid at different concentrations with the requisite 
degree of accuracy. On the other hand, the observed velocities may 
be utilised for the derivation of K values by the application of 
equation (1). The results obtained with k, = 6-50 x 10° and 
k,», = 0-09 x 10~ are as follows : 

0-02 0-05 0-1 0-2 

0-312 0-523 0-775 1-140 

1-50 1-52 1-58 1-64 
The anticipated increase in the ionisation constant is thus actually 
found, but the increase is small and too much significance cannot be 
attached to the individual values. The difficulties associated with 
the auto-ionising influence which has been referred to may, however, 
be obviated by using a moderately concentrated salt solution as 
solvent instead of water. Under these conditions the ionisation 
constant of the acid should be independent of its concentration if 
this is not made too large. The experimental results for a series of 
chloroacetic acid solutions with 1N-sodium chloride as solvent are 
summarised below. The calculated reaction velocities are those 
derived from equation (1), with k, = 8-14 x 10%, K = 2-40 x 10°, 
and k, = 0-09 x 10+. 

TABLE V. 
cN-CH,Cl-CO,H + 1N-NaCl. 


0-005 0-01 0-02 0-05 0-1 2 
0-202 0-314 0-470 0-804 1-177 “7 
0-201 0-314 0-476 0-803 1-175 7 


0:3 
2-09 


0 
0 211 


The differences between the observed and calculated velocities in 
this series are well within the probable errors of experiment, and it 
would therefore seem that the catalytic activity of chloroacetic acid 
can be represented in terms of equation (1) with a constant value of 
the ionisation constant when the nature of the solvent is such that 
the ionic environment is sensibly constant. 


Summary. 

The foregoing series of experiments shows that the catalytic effects 
produced by chloroacetic acid in the hydrolysis of ethyl acetate can 
be expressed by v = k,[H*+] + k,,[HA], provided that the variation 
of k, and K with the ionic environment is taken into account. The 
effect of the chloroacetate ion appears to be very small. In sodiull 
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chloride solutions of gradually increasing concentration, the value 
of k, shows a continuous increase, whilst K passes through a 
maximum at about 0-5M-concentration. 

When constancy of ionic environment is provided for, the catalytic 
effects produced by free chloroacetic acid and by mixtures of this 
with chloroacetate can be satisfactorily explained in terms of fixed 
values of the ionisation constant and of the catalytic coefficients. 
The ratio k»,/k, for chloroacetic acid in the hydrolysis of ethyl 
acetate is about 1/700, compared with 1/20 for the catalysing action 
of the acid in the acetone—iodine reaction. 


Toe University, LEEDs. [Received, December 20th, 1928.] 





LVILI.—Optical Activity and the Polarity of Substituent 
Groups. Part X. Influence of Ionisable Growps 
on the Rotatory Power of |-Menthyl Benzoate. 


By H. Gorpon RvuLE and W. EoaHan MacGtrtiivray, 


THE changes in the rotatory powers of optically active acids and 
bases consequent upon ionisation have been discussed in Part VI 
of this series (J., 1927, 54), in which attention was drawn to the fact 
that the characteristic influence of groups such as -CO,H and 
‘NH, is often reversed when these are present in the ionised state. 
A similar reversal on ionisation occurs in the directive power of the 
groups upon benzene substitution (compare Fliirscheim, Chem. and 
Ind., 1926, 45, 143; Ing and Robinson, J., 1926, 1655; Goss, 
Ingold, and Wilson, ibid., p. 2440). 

Effects of this type are of special interest in connexion with the 
menthyl esters of o-substituted benzoic acids, among which 
m-directive substituents raise, and 0, p-directive groups lower the 
molecular rotation. One example of the influence of an ionised 
grouping on the rotatory power of menthyl benzoate is already 
available. Kenyon and Pickard (J., 1915, 107, 54, 58), in investigat- 
ing the optical rotatory powers of a number of menthy] derivatives 
prepared by Cohen, have recorded values for the sodium and 
magnesium salts of menthyl hydrogen phthalate which are much 
lower than those for the unsubstituted benzoate. By analogy, it 
has been predicted (Part VI, loc. cit.) that the o-dimethylamino- 
benzoic ester should exhibit an enhanced rotation in acid solution. 

The present communication contains an account of the menthyl 
esters of hydroxy-, amino-, and dimethylamino-benzoic acids. 
The o-, m-, and p-dimethylamino-derivatives were among the large 
number of substituted benzoic esters prepared by Cohen (J., 1914, 
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105, 1892), who encountered great difficulty in their purification 
and finally examined them in the form of viscous, strongly coloured 
liquids. The rotatory powers of these liquids were not changed by 
solution in light petroleum, followed by precipitation as the liquid 
hydrochloride and subsequent removal of hydrogen chloride (Cohen, 
loc. cit.). During the present investigation the main difficulty was 
found in obtaining a good yield of the esters, especially of the m.- 
and p-isomerides. The o-compound was prepared as a coloured 
product of somewhat higher rotatory power than that recorded by 
Cohen, the value being unaltered after attempted purification by 
the above method. On distillation in a high vacuum, however, the 
mixture separated into a colourless low-melting solid (about two- 
thirds of the total) and a highly coloured glass. The rotatory 
power of the solid was nearly double that recorded by Cohen, and 
was confirmed on a specimen prepared by a different method (see 
p. 407). The glassy residue had a correspondingly low rotation. 
It was not found possible to obtain the m- and p-isomerides in a state 
of optical purity. 

The influence of ionisation was determined by measuring the 
rotatory powers of the four basic esters (a) in alcohol, and (bd) in 
aleohol containing an equivalent of hydrogen chloride; the three 
acid esters were examined (a) in alcohol, (6) in alcohol containing an 
equivalent of sodium or potassium ethoxide, and (c) in piperidine. 
To complete the comparison it was necessary to know the rotatory 
powers of menthyl benzoate and also of menthyl hydrogen phthalate 
and its sodium salt in 5% alcoholic solutions. This information 
could not be discovered in the literature, and the preparation of 
these esters was therefore repeated. The rotatory power of menthyl 
benzoate in alcohol was found to be practically unaffected by the 
presence of as much as four equivalents of hydrogen chloride or of 
sodium ethoxide (see Table I, i). Wherever possible, the rotatory 
powers were determined for the wave-lengths 6708, 5893, 5461, and 
4358 A.U., and at approximately 20°. 


Influence of Substituents. 


As with other menthyl esters of this type, the compounds 
described in this communication exhibit normal and complex 
dispersion, the graph of 1/« plotted against 2? deviating appreciably 
from the linear. The salicylate, on account of its abnormally high 
rotation, was examined in the homogeneous state over the temper- 
ature range 20—100°; the dispersion was complex throughout and 
the rotation fell slightly but continuously with rise of temperature. 

From the tables it is seen that the o-derivatives differ considerably 
in rotatory power from the unsubstituted ester. In these com- 
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TABLE I. 
(i) 1-Menthyl benzoate. 


c. 
5-032 
5-031 
5-069 


5-001 
(30 mins. later)... 


(ii) 1-Menthyl o-dimethylaminobenzoate. 


4-746 
3-736 


(iii) 1-Menthyl aminobenzoates. 


Isomeride. Solvent. A Cc. 
f Alcohol 5-009 
+! 5-001 

- Ale 3-186 
ie - 1-583 

f Alcohol 5-032 
I l +- HCl 3-566 


0- 


99 


(iv) 1-Menthyl hydroxybenzoates. 


(Homogeneous, 20°) 
100° 


9? 


( 
| Aleohol 


99 


5-163 
4-880 
5-680 
5-445 
7-735 
5-608 
8-815 
5-144 
4-873 
4-216 


99 


1 
l 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 


(piperidine 
(v) 1-Menthyl hydrogen phthalate. 
Benzene 4-725 399-0° ¢ 
Alcohol 5-128 345-6 
5-382 260-5 
(5% approx.) 212-08 
* Kenyon and Pickard, loc. cit., record —276-5°. 
+ These isomerides could only be isolated in the form of somewhat coloured 
viscous liquids, the p-compound being almost a glass. There is therefore 


some doubt as to their purity. 
t For Assos, (M] = —331-9° (Cohen, J., 1916, 109, 232, records [M]s593 = 


—332-4° in benzene, c = 5). 
§ Kenyon and Pickard, loc. cit. 


pounds the introduction of an o-carboxyl group results in a marked 
rise in rotation, which is changed to a fall when the substituent 
ionises to ‘COO’. On the other hand, an o-dimethylamino-group 
depresses the rotatory power of the benzoate, but raises the value 
when present in acid solution as ‘NMe,H’. The optical changes are 
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therefore related to the orienting power of the groups in benzene 
substitution, the m-directive carboxyl and dimethylammoniun 
radicals raising the rotation and the o,p-directive dimethylamino. 
group and carboxyl anion lowering the value. 

Minor changes in the o-carboxyl group may also be brought about 
by esterification. Here again the relative influence is in agreement 
with the directive power of the group X, as becomes evident on 
comparing the percentages of m-compound formed on nitration of 
C,H,;X with the values for the rotatory powers of the menthy| 
alkyl phthalates recorded by Cohen, Woodruffe, and Anderson 
(J., 1916, 109, 222) : 

x. CO,H. CO,Me. CO,Et. H. (COO’) 
m-Compound,% ... 80-2 73-2 68-4 — (0, p) 
M — 332° — 268° — 254° — 239° (192°) 

Among the large number of menthyl and sec.-8-octyl esters of 
o-substituted benzoic acids now known, the salicylic and anthr. 
anilic esters under examination are the only ones in which the presence 
of an 0, p-directive substituent is found to raise the rotatory power. 
The influence in these cases may therefore be an abnormal one due 
to the co-ordination of the carboxylic keto-group with hydrogen 
of the hydroxy] or amino-group (Sidgwick, J., 1920, 117, 402; Sidg. 
wick and Ewbank, J., 1921, 119, 979). This possibility appears to 
be supported by the low boiling points of the o-isomerides as compared 
with those of the m- and p-compounds, thus : 

l-Menthy] ester. B. p. l-Menthy] ester. B. p. 
Anthranilate 156°/0-3 mm. Salicylate 156°/0-5 mm. 
m-Aminobenzoate 168°/1-8 mm. m-Hydroxybenzoate 182°/1-2 mm. 
p-Aminobenzoate 175°/0-2mm. p-Hydroxybenzoate .... 178°/0-1 mm. 
and also by the relative insolubility of the salicylic ester in hydroxylic 
solvents (compare Sidgwick, loc. cit.). Experiment showed that 
menthyl salicylate at room temperature required seven times its 
volume of absolute methyl alcohol or six times its volume of rectified 
spirits (96%) for complete miscibility : it is miscible in all proportions 
with absolute ethyl alcohol, benzene, or light petroleum. 

Even on the assumption that the two o-substituents are present in 
these esters as part of a chelate ring, it would still be anticipated that 
the characteristic effects of the electrical charges (~O’ and —NH,) 
would make themselves evident on ionisation. This expectation is 
borne out by the above figures. The amino-ester in the form of its 
hydrochloride has a rotation of [M];4g; = —290°, comparable with 
that found for the hydrochloride of the dimethylamino-ester 
(—292°), and considerably higher than that of menthyl benzoate 
(—275°). On the other hand, the salicylic ester in the presence of an 
equivalent of sodium ethoxide exhibits a rotatory power (—267°) 
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which is lower than that of the benzoate. This last figure is not so 
low as was anticipated by comparison with the value (—260°) 
recorded in Table I (v) for the alcoholic solution of sodium menthy] 
phthalate, possibly because part of the salicylate exists under the 
conditions of experiment as the free chelated hydroxy-ester or as the 
chelate form of the sodium derivative. 

Sidgwick and Brewer (J., 1925, 127, 2381) have concluded that 
potassium salts of this type are less prone to form chelate derivatives 
than the corresponding sodium salts. For this reason the salicylic 
ester was next examined in the presence of an equivalent of potassium 
ethoxide. In this case a much lower rotation (— 246°) was observed, 
Hence, although the parent anthranilic and salicylic esters behave 
abnormally, the rotations of the ionised compounds are in agree- 
ment with the regularities previously established. 

The normal effect exhibited by the o-dimethylamino-grouping 
supports the conclusions of Pfeiffer, Angern, and Wang (Z. physiol. 
Chem., 1927, 164, 182), who find that the keto-group in diketo- 
piperazines co-ordinates with primary and secondary amines and 
with the aminobenzoic acids, but not with tertiary amines or with 
the dimethylaminobenzoic acids. 

A discussion of these results from the standpoint of the electronic 
theory is reserved, pending the completion of allied lines of research, 


EXPERIMENTAL. 


1-Menthyl salicylate was prepared in the usual way from the acid 
chloride and menthol. The rotatory power of the crude ester rose 
slowly on fractionation in a high vacuum, remaining constant after 
the third repetition. The pure ester was obtained in better yield 
(60°) by dissolving the crude product in warm methyl alcohol and 
cooling to —15°; it is a viscous, colourless, and odourless oil, b. p. 
156°/0-5 mm. (Found : C, 73-9; H, 8-9. C,,H,,0, requires C, 73-9; 
H, 8-7%). 

1-Menthyl m-hydroxybenzoate. 'Thionyl chloride (2 equivs.) was 
added in small portions at 0° to sodium m-hydroxybenzoate (1 
equiv.; carefully dried below 50°). When the vigorous action had 
ceased, the excess of thionyl chloride was removed under diminished 
pressure. The crude acid chloride was treated with menthol 
(1 mol.) and pyridine, and maintained at 120° for 24 hours. Reac- 
tion appeared slow. The mixture was diluted with water, the ester 
extracted with ether, and dried over sodium sulphate. After 
removal of the solvent, any excess of menthol was distilled off in a 
vacuum. The ester distilled as a slightly coloured oil, b. p. 182°/1-2 
mm. (Found: C, 73-6; H, 8:8%) (yield, 20% of theory). The 
rotatory power was not altered on repeated fractionation. 
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1-Menthyl p-hydroxybenzoate, prepared in the same way as the 
m-compound, but in poorer yield (10%), was isolated as a pale 
yellow oil, b. p. 178°/0-1 mm., which solidified to a transparent glass, 
and could not be obtained crystalline. The rotatory power was 
unchanged on further fractionation (Found: C, 73-5; H, 8-9%). 
Both the m- and p-hydroxy-esters were miscible in all proportions 
with methyl or ethyl alcohol and with rectified spirits. 

1-Menthyl] anthranilate could not be prepared directly from anthr. 
anilic acid, nor could the chloride of the acid be isolated by means 
of thionyl chloride (compare McMaster and Ahmann, J. Amer. Chem, 
Soc., 1928, 50, 146). The ester was readily obtained in almost 
theoretical yield by the reduction of optically pure /-menthy| 
o-nitrobenzoate (Cohen, J., 1914, 105, 1892), by means of tin and 
hydrochloric acid. The amino-ester was precipitated from the 
dried ethereal solution with gaseous hydrogen chloride, and the 
solid hydrochloride recrystallised from alcohol containing a little 
hydrogen chloride until of constant rotatory power; m. p. 150— 
170° (indefinite) (Found: Cl, 11-4. C,,H,,0,NCl requires Cl, 
11-4%); it was sparingly soluble in cold alcohol, giving a violet 
fluorescent solution. 

Free l-menthyl anthranilate was obtained from the salt as a colour. 
less solid, m. p. 62-5—63-5°, b. p. 156°/0-33 mm. (Found : N, 5:3. 
C,,H,;0,N requires N, 5-1%). It dissolves readily in alcohol, giving 
a violet fluorescent solution. Unlike the m- and p-isomerides, the 
o-amino-ester dissolves readily in dilute aqueous acids. 

1-Menthyl m-aminobenzoate. After unsuccessful attempts to 
prepare the ester directly from m-aminobenzoic acid, it was 
eventually obtained from pure /-menthyl m-nitrobenzoate by re- 
duction with titanous chloride in boiling alcoholic solution. Dry 
hydrogen chloride precipitated the ester from ethereal solution 
as the hydrochloride in the form of a yellowish-brown oil. This 
was treated with sodium carbonate to give the free ester, which 
was purified again through the hydrochloride. 1-Menthyl m-amino- 
benzoate distilled as an almost colourless oil, b. p. 168°/1-8 mm. 
(yield 40% )(Found: N, 5-3. C,,H,,0,N requires N, 5-1%). 

1-Menthyl p-aminobenzoate was prepared in the same way as the 
m-derivative, but only in 10% yield, probably owing to hydrolysis 
during reduction. The compound decomposes slightly on distil- 
lation (b. p. 175°/0-2 mm.), the yellow distillate having a slight smell 
of menthol (Found: N, 5:3%). The ester forms a solid hydro- 
chloride, melting indefinitely in the neighbourhood of 200°, by 
means of which it was purified. The salt easily loses hydrogen 
chloride in aqueous-alcoholic solution. 

Both m- and p-amino-ester hydrochlorides dissolve in concen- 
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trated hydrochloric acid, but are precipitated on addition of a 
small amount of water. 

]-Menthyl o-dimethylaminobenzoate was prepared from o-dimethy]l- 
aminobenzoic acid by way of the acid chloride (compare Cohen and 
Dudley, J., 1910, 97, 1737). The product was dissolved in dilute 
hydrochloric acid, and any unchanged menthol extracted with 
ether. ‘The aqueous liquor was made alkaline, the free ester removed 
with ether, and the extract dried over sodium sulphate. On evapor- 
ation of the solvent a highly coloured viscous mass resulted which 
had a rotatory power (aj) —51-6°, 1 = 1) somewhat higher than 
that recorded by Cohen and Dudley (ap = —10-24°, 1 = 0-302). 
This rotatory power was not changed when the ester in ethereal 
solution was kept over animal charcoal and subsequently preci- 
pitated from light petroleum as the liquid hydrochloride, as recom- 
mended by the above authors. The product was therefore distilled 
in a high vacuum, and thus separated into a pale yellow oil, b. p. 
170—171°/0-6 mm., ag, —35-67° (1 = 0-5), forming about two- 
thirds of the total volume, which slowly solidified in the receiver, 
and a highly coloured glassy residue (aif, —0-61° in benzene, 
l= 1, ¢c = 2-18). The rotatory power of the original mixture was 
approximately the mean of the values found for the two fractions. 
The crude solid ester, m. p. 35—75° (mainly 35—38°), was purified 
with considerable loss, owing to its high solubility, from light 
petroleum at —15°, and then had m. p. 36—37° (Found: C, 75-3; 
H, 9-9; N, 5:1. Cy, H,O,N requires C, 75-2; H, 9-6; N, 46%). 
(An unidentified solid of higher m. p., and containing sulphur, was 
isolated as a by-product.) The somewhat high value found for 
nitrogen has since been traced to the tendency of the dimethylamino- 
esters on combustion to yield nitrogen admixed with a small amount 
of combustible gas, probably methane or ethane, which is exceedingly 
difficult to convert quantitatively into carbon dioxide and water. 

In view of the unexpectedly high rotatory power of this ester, the 
compound was prepared by another method. Methyl o-dimethyl- 
aminobenzoate (14 g.) was added to /-menthol (25 g.) in which sodium 
(0-05 atom) had been dissolved (compare suggestion of Verley, Bull. 
Soc. chim., 1927, 41,788). The mixture was maintained at 150—160° 
in a distilling flask, and a slow current of dry air drawn through the 
apparatus. Methyl alcohol, menthene, and mentho! slowly distilled 
over, and after 3 hours the residue in the flask was distilled in a 
vacuum, giving l-menthyl o-dimethylaminobenzoate (8 g.), b. p. 
170°/0-2 mm. The ester solidified on standing, and on repeated 
recrystallisation from light petroleum possessed the same m. p. and 
rotatory power as the product obtained as above. The authors wish 
to thank Mr. C. F. Campbell for carrying out this preparation. 
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Attempts to repeat the preparation of the m- and p-dimethy). 
aminobenzoic esters (see Cohen and Dudley, loc. cit.) were un. 
successful, leading to the formation of inseparable mixtures of vary. 
ing rotatory power. ’ 

Menthyl hydrogen phthalate was prepared according to the 
method of Arth (Ann. Chim. Phys., 1886, '7, 485). 


Measurements of Rotatory Power. 


The rotatory powers (determined as in previous papers) are given 
in Table II. An asterisk attached to the first column indicate 
l= 2; otherwise ]= 1. Where sodium or potassium ethoxide or 
hydrogen chloride is mentioned, one equivalent was employed. 


Taste IT. 
1-Menthyl salicylate (homogeneous). 


t. d. [M]ezos- [M]s29s- [M)] sae:- [Miss 
20° 1-0467 208-9° 278-8° 333-2° 590-3° 
40 1-0319 208-6 278-3 332-4 588-3 
60 1-0170 208°3 277-7 331-9 586-4 
80 1-0022 207-8 277-1 331-2 584-2 
100 0-9877 207-4 276-5 330-5 582°1 


1-Menthyl hydroxybenzoates (at 20° approx.). 


Iso- 
meride. Solvent. 4 [Meros- [M]ssos- [M]sae1- [Masse 
rt ° 192° 253° 299° 500° 
*o. ” 


267 (412) 
246 
286 
266 
235 
222 
250 
241 
219 


+NaOEt ... 4 176 
+ KOEt is 
iperidi 183 


PELL LIBRIS 


» + NaOEt ... 
| Piperidine 
Rotations of the above esters measured in the presence of ethoxide 
showed no decrease in value during the period of measurement or 
the succeeding half-hour. 


]-Menthyl aminobenzoates. 
Iso- 

meride. Solvent. c. [Mezos» [M]ssos- [M]sac1- [Masse 
5-009 210° 261° 313° 511° 
5-001 187-5 240 289 483 
3-186 182 238 276 466 
1-583 181 231 272 451 
5-032 175 224 257 

176 227 262 


206 —— 
206 250 

‘a + HCl : 251 292 
N/1-HC! aq. . 230 269 
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For rotatory powers of /-menthyl benzoate and /-mernthyl hydrogen 
phthalate see Table I, (i) and (v). 


Summary. 


An investigation has been made of the alteration in the rotatory 

wer of l-menthyl benzoate following nuclear substitution by 
dimethylamino-, amino-, hydroxy-, and carboxy-groups and their 
corresponding ionised forms. 

The most definite variations are those found emong the o-sub- 
stituted esters. The optical properties of these derivatives are in 
agreement with the regularities previously established among 
o-esters of this kind. The groups CO,H, NMe,H’, and NH,’, which 
orient to the m-position in benzene substitution, lead to an increased 
rotatory power, whereas the groups COO’, NMe,, and O’, which are 
0,p-directive in type, lead to a fall in rotation. Minor changes in 
the o-carboxy-group, due to formation of methyl or ethyl esters 
(Cohen, Woodruffe, and Anderson, loc. cit.), also affect the rotation in 
the sense anticipated from this relationship, the rotatory power 
diminishing as the substituent becomes less m-directive in power. 

Exceptional behaviour is exhibited by the hydroxyl and amino- 
groups in the un-ionised salicylic and anthranilic esters, both of 
which have abnormally high rotations. This is ascribed to the 
chelated condition of these compounds. 


The authors wish to express their gratitude to the Ritchie Bequest 
for a grant which has covered most of the expenses incurred in this 
investigation. 


UNIVERSITY OF EDINBURGH. (Received, January 15th, 1929.] 


LIX.—The Cobaltic Derivatives of Bf’B’’-T riaminotri- 
ethylamine. 


By FREDERICK GEORGE MANN. 


88’6’’-TRIAMINOTRIETHYLAMINE, N(CH,°CH,*NH,)3, was first pre- 
pared by Ristenpart (Ber., 1896, 29, 2530), who showed that the 
presence of the three primary amine groups caused the fourth 
tertiary amine group to be neutral, since, for example, the base 
formed a trihydrochloride, N(CH,°CH,*NH,,HCl),;: in fact, all 
Ristenpart’s derivatives are normal derivatives of a triacidic base. 
The chemistry of this polyamine was further investigated by Mann 
and Pope (Proc. Roy. Soc., 1925, A, 109, 444; J., 1926, 482), who 
showed that it furnished, when recrystallised from concentrated 
hydrochloric acid, a tetrahydrochloride ; this, however, on exposure 
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to air slowly lost hydrogen chloride, giving Ristenpart’s trihydro. 
chloride. Two distinct series of derivatives were obtained from the 
tri- and the tetra-hydrochloride respectively. Many complex salts 
of the amine with various metals were also prepared; in all these 
salts, the base co-ordinates as a tetra-amine, occupying four co. 
ordination positions, and these were the first complex salts of an 
aliphatic tertiary amine to be isolated. For instance, if one molecule 
of triaminotriethylamine be denoted by the symbol “ tren,”’ it was 
found that metals of co-ordination number 4 gave salts such as 
triaminotriethylaminenickelous thiocyanate, [Nitren](SCN),, and 
triaminotriethylamineplatinous iodide, [Pt tren] I,, whereas metals of 
co-ordination number 6 gave salts such as dichlorotriaminotzi- 
ethylamineplatinic dichloride, [Cl,Pttren]Cl,, and tristriamino. 
triethylaminebisnickelous tetraiodide, [Ni, tren,]I,. 

The complex salts of this amine with cobalt were subsequently 
investigated by Jaeger and Koets (Proc. K. Akad. Wetensch. 
Amsterdam, 1926, 29, 1). These authors apparently isolated no 
mononuclear derivative of cobalt, but by treating aquochlorobis- 
ethylenediaminecobaltic chloride with the tetra-amine they prepared 
the remarkable complex salt, hexaethylenediaminebistriaminotri- 
ethylaminetricobaltic nonaiodide, [Co,en,tren,]I,. In this com- 
pound the triaminotriethylamine is co-ordinated by the three primary 
amine groups alone, the tertiary amine group remaining free 
and unco-ordinated. The authors have discussed the stereochemistry 
of this compound in detail, and have described its probable symmetric 
configuration. 

It is now shown, however, that more simple mononuclear com- 
pounds of this tetra-amine with cobalt can be prepared, since the 
metal furnishes salts of the normal diacidotetrammino-type, ¢.g., 
dithiocyanato- BB’ 8" -triaminotriethylaminecobaltic monothiocyanate, 
[(SCN),Co tren] SCN. This compound is thus of the same general 
type as the platinic salt above: the base is again co-ordinated by 
all four amine groups, and the complex ion, having a plane of 
symmetry, cannot be resolved into optically active forms. Several 
derivatives of this complex ion have been described, and they are 
all highly crystalline stable salts. 


EXPERIMENTAL. 
Dithiocyanatotriaminotriethylaminecobaltic Monothiocyanate Mono- 
hydrate, [(SCN),Co trenJSCN,H,O.—A mixture of roseo-cobaltic 
chloride (4 g.) and triaminotriethylamine trihydrochloride (5-6 g.) 
is added to water (300 c.c.), and the whole boiled under reflux for 
6 hours. The clear deep red solution is thrice evaporated to small 
bulk with intermediate addition of water, and the final solution 
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chilled and diluted with concentrated potassium thiocyanate solution. 
A fine brown product separates and after a short time is followed by 
a deep red crystalline precipitate. After standing over-night, the 
mixture is collected, and twice recrystallised from hot water. The 
monothiocyanate monohydrate is thus obtained in deep red needles, 
m. p. 208—210° (decomp.), readily soluble in hot, but only slightly 
soluble in cold, water (Found: C, 27-2; H, 5-1; N, 24-8; S, 23-9. 
(jH,sN,S,Co,H,O requires C, 27-2; H, 5-0; N, 24:7; 8, 242%). 

The mononitrate monohydrate, [(SCN),Cotren|]NO,,H,O, is 
prepared by treating a cold supersaturated solution of the mono- 
thiocyanate with very dilute nitric acid. The crystalline nitrate 
rapidly separates, and is obtained by recrystallisation from hot 
water, in which it is readily soluble, in large deep red prisms, m. p. 
226° (decomp.) (Found: C, 242; H, 50; N, 245; 8S, 16-2. 
(,H,,0,N,8,Co,H,O requires C, 23-9; H, 5-0; N, 24-4; 8, 16-0%). 

The anhydrous monochloride, [(SCN),Cotren]Cl, is prepared 
similarly by treating a cold aqueous solution of the monothiocyanate 
with dilute hydrochloric acid. A small crop of the crystalline 
monochloride separates over-night and, after recrystallisation from 
hot water, is obtained in fine deep red crystals, m. p. 225—226° 
(decomp.) (Found: N, 23-8; Cl, 9-9; 8S, 18-1. C,H,,N,C!S,Co 
requires N, 23-6; Cl, 9-9; S, 18-0%). 

The chloroplatinate, [(SCN),Co tren],PtCl,, is best prepared by 
adding an aqueous solution of the monothiocyanate, containing dilute 
hydrochloric acid, to a solution of chloroplatinic acid. The chloro- 
platinate is at once precipitated as a deep brick-red powder, which, . 
when washed with much cold water and dried, is pure. It is in- 
soluble in hot water and has m. p. 203—204° (decomp.) (Found : 
C, 18-4; H, 3-3; N, 15-8. C,gH3gN,.Cl,8,Co,Pt requires C, 18-3; 
H, 3-5; N, 16-0%). 

THe University CHEMICAL LABORATORY, 

CAMBRIDGE. [Received, January 28th, 1929.] 





LX.—Basic Chlorides and Addition Compounds from 
Metallic Chlorides and Hexamethylenetetramine. 
Exceptional Behaviour of Nickel Chloride. 


By James Cooper Durr and Epwin Joun BILLs. 


HEXAMETHYLENETETRAMINE is a weak base which can react with hot 
aqueous solutions of metallic chlorides to yield precipitates of basic 
chlorides. These precipitates in certain cases remain unchanged on 
prolonged heating with excess of the base. It seems probable, 
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therefore, that the basic chlorides obtained in this way are definite 
compounds. The method described below is less likely to lead to the 
formation of mixtures than methods such as (1) the addition of 
regulated amounts of alkali in solution to solutions of normal salts, 
or (2) heating the solution of a normal salt with the corresponding 
oxide or hydroxide of the metal. 

The formation of addition compounds between hexamethylene. 
tetramine and metallic chlorides has also been investigated in order 
to extend the number of such compounds and to decide between 
discrepancies in the literature. 

The Reactions of Metallic Chlorides with Hexamethylenetetramine in 
Boiling Aqueous Solution.—There was no evidence of change in the 
chlorides of magnesium, calcium, strontium, and barium when boiled 
in aqueous solution with hexamethylenetetramine. Zinc, ferric, 
chromic, aluminium, antimony, and tin chlorides all yielded the 
corresponding hydroxide; in the case of stannous chloride the pre- 
cipitate of stannous hydroxide finally changed to black stannous 
oxide. From the chlorides of cadmium, lead, and bismuth were 
obtained the respective basic chlorides Cd(OH)Cl, Pb(OH)CI, BiOCl. 

The five metals which yielded results of most significance in this 
section were manganese, iron (ferrous), nickel, cobalt, and copper. It 
is to be noticed that these are placed consecutively in the periodic 
system. A basic chloride, 3M(OH),,MCl, (M = Mn, Fe, Co, Cu), 
was obtained from the corresponding chloride MCl,. In the case of 
nickel, such a basic chloride was not obtained, but the nature of the 
. final product suggests that it had been formed as an intermediate 
compound. Basic chlorides of the above formule for manganese, 
cobalt, and copper have been obtained by other, but less definite 
methods. The ferrous compound, 3Fe(OH),,FeCl,, has not been 
described previously : it is only stable in absence of air. 

Nickel chloride behaves in an exceptional way, for (with the 
possible exception of lead) it afforded the only instance in which the 

basic chloride underwent further reaction with hexa- 
methylenetetramine. The compound so obtained 
is assigned the formula N(CH,*OH),,3Ni(OH),, but 
its insoluble nature makes the determination of 
its constitution difficult. Probably, after some 
reaction between the basic chloride and the hexa- 
methylenetetramine, the hexagon ring of the latter 
(I) is removed by hydrolysis as ammonia and formaldehyde, leaving 
the central part as N(CH,°OH),, which unites with the nickel 
hydroxide : 
C,H,,.N, + 6H,O + 3Ni(OH), —> 
N(CH,°OH),,3Ni(OH), + 3NH, + 3CH,0. 
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Although trihydroxytrimethylamine has not been separated in the 
free state, several of its derivatives are known, e.g., trimethylolamine 
sodium sulphite, N(CH,°O-SO,Na),, and tribenzamidotrimethyl- 
amine, (C,H,*CO-NH-CH,),N ; the latter compound was obtained by 
Descudé (Compt. rend., 1902, 135, 694) by heating benzamide with 
hexamethylenetetramine at 200°, and when boiled with dilute 
mineral acid yields benzamide, formaldehyde, and ammonia. The 
nickel compound decomposes in a similar manner, and when dried 
at 100° loses 3 molecules of water. It has not been found possible to 
obtain the compound in a state of purity by starting from nickelous 
hydroxide in place of the chloride, although partial formation was 
observed. 

The behaviour of nickel compounds with amines in the presence of 
formaldehyde is being investigated. 

Addition Compounds from Metallic Chlorides and Hexamethylene- 
tetramine.—Ray and Sarkar (J., 1921, 119, 390) gave a complete 
series of references to addition compounds of this type. Some of the 
formule recorded differ, principally as regards water of hydration, 
from those found by us (see Experimental). The formula 
MCI,,2C,H,.N,,10H,O represents five addition compounds obtained 
in aqueous solution (M = Co, Ni, Mn, Mg, Ca). New addition 
compounds now described are FeCl,,2C,H,.N,,9H,O ; 

SrCl,,2C,H,.N,,9H,O; and 3ZnCl,,2C,H,.N,,6H,0. 
No addition compound of barium chloride could be separated. The 
cadmium chloride compound, 2CdCl,,C,H,,N,,5H,O, has recently 
been described by Scagliarini and Brasi (Atti R. Accad. Lincet, 1928, 
[vi], 7, 509). We had already prepared it in the course of this work. 

Vanino and Schinner (Arch. Pharm., 1914, 252, 449—459) 
describe a cupric chloride compound, 2CuCl,,C,H,.N,, in which they 
did not determine chlorine; actually it is basic, with formula 
Cu(OH)C1,CuCl,,C,H,.N,,2H,O. We have obtained a new cupric 
sulphate compound, 2CuSO,,C,H,.N,,2H,0. 

Reactions in Alcoholic Solution.—Metallic chlorides not stable in 
aqueous solution were found capable of yielding crystalline addition 
compounds with hexamethylenetetramine in alcoholic solution, and 
the following new compounds were thus prepared : SnCl,,2C,H,.N,; 
SnCl,,4C0,H,.N,; SbCl,,3C,H,.N,; SbCl;,6C,H,.N,. These four have 
the same crystalline structure and their formule agree with those 
of corresponding addition compounds of the chlorides with ammonia, 
Bismuth chloride gave a crystalline compound, BiCl,,C,H,.N,. 

Where addition compounds can be prepared both in aqueous and 
in alcoholic solution, the proportions of hexamethylenetetramine in 
the pairs of compounds usually differ. We have obtained from 
alcoholic solution a new zinc chloride compound, ZnCl,,2C,H,,N,. 
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EXPERIMENTAL. 


Reactions between Metallic Chloride Solutions and Boiling Aqueous 
Hexamethylenetetramine Solutions. 


Method.—To a 20%, aqueous solution of hexamethylenetetramine 
(3 mols.) boiling under reflux, a 15% (or saturated, if below this 
strength) solution of the metallic chloride (1 mol.) was gradually 
added, and boiling was continued for at least an hour. The solution 
was then cooled and filtered, and the precipitate washed with water. 
Modifications which were necessary in certain cases are indicated 
below. Hexamethylenetetramine was usually estimated by 
hydrolysis to ammonium salt with hydrochloric acid and distillation 
of the ammonia into standard acid. Wherever possible, the result 
was checked by hydrolysing the substance with acid under reflux 
and adding excess of standard iodine, followed by excess of sodium 
hydroxide ; after 30 minutes, the solution was acidified, and the excess 
of iodine determined’ by thiosulphate titration. This method 
determined the formaldehyde, from which the amount of hexa- 
methylenetetramine could be calculated. The two methods together 
thus checked the possibility of any breaking down of the molecule 
of the base before uniting with the metallic chloride or its hydroxide. 
This applies particularly to the case of nickel (see below). The 
following definite results were obtained in this section. 

1. Magnesium chloride gave no basic precipitate. When the 
solution was cooled, large, colourless, flat needles were obtained and 
identified as bishexamethylenetetramine magnesium chloride 
decahydrate, MgCl,,2C,H,.N,,10H,O (Found: Mg, 4-27; Cl, 12-53; 
C,H,.N,, 49:5; H,O, 31-4. Cale.: Mg, 4:38; Cl, 12-80; C,H,,N,, 
50-4; H,O, 32-4%). This compound is the same as that formed when 
cold concentrated solutions of the two components are mixed. 

2. Zine, ferric, aluminium, and chromic chlorides gave the corre- 
sponding hydroxides. Stannous chloride gave first stannous 
hydroxide, which later changed on ‘continued boiling to black 
glistening plates of stannous oxide. 

3. Bismuth chloride, dissolved in the minimum amount of hydro- 
chlorie acid, yielded a white precipitate of the oxychloride, Bi0( 
(Found: Cl, 13-42. Cale.: Cl, 13-68%). There was no change on 
prolonged boiling except above the surface of the liquid, where any 
white precipitate on the glass became black through the reducing 
action of formaldehyde vapour and ammonia arising from decom- 
position of hexamethylenetetramine. 

4. Mercuric chloride gave mercury as a final product. A basic 
yellow precipitate of varying composition was first formed ; it was 
unchanged in the dark but turned grey on exposure to sunlight. 
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5. Cadmium chloride yielded a white precipitate of the basic salt 
(d(OH)Cl (Found: Cd, 68-1, 68-2; Cl, 21-3, 21-4. Cale.: Cad, 
68-2; Cl, 21-5%). 

6. Lead chloride yielded a white precipitate of basic lead chloride, 
Pb(OH)Cl (Found : Pb, 79-4; Cl, 13-6. Cale. : Pb, 79-6; Cl,13-7%). 
On prolonged boiling, the precipitate turned brown, losing its chlorine 
and becoming an amorphous product containing complex organic 
matter. The solution also turned dark brown, and when evaporated 
became a thick treacle-like syrup. 

7. Cupric chloride yielded a pale blue precipitate of basic cupric 
chloride, 3Cu(OH),,CuCl, (Found : Cu, 59-1; Cl, 16-9. Cale.: Cu, 
50:5; Cl, 166%). 

8. Cobaltous chloride yielded a pink precipitate of basic cobaltous 
chloride, 3Co(OH),,CoCl, (Found: Co, 57-4; Cl, 17-2. Cale. : 
Co, 57:7; Cl, 17-4%). 

9. Manganese chloride gave a definite result when air was excluded 
and more concentrated solutions were used. The white precipitate 
obtained was identified as the basic chloride, 3Mn(OH),,MnCl, 
(Found: Mn, 55-5; Cl, 17-8. Cale.: Mn, 55-9; Cl, 18-1%); 
it beeame brown in air. From the hot filtrate there were obtained 
pale pink crystals of the addition compound, MnCl,,2C,H,.N,,10H,O 
(Found: Mn, 9-4; Cl, 12-1. Cale.: Mn, 9-4; Cl, 12-1%). 

10. Ferrous chloride yielded a white precipitate of basic ferrous 
chloride. The preparation was made in a hydrogen atmosphere, and 
the precipitate protected by hydrogen during filtration and washing 
(Found: Fe, 56-7; Cl, 16-9. 3Fe(OH),,FeCl, requires Fe, 58-9; 
Cl, 17-99%]. The compound readily became brown in air. For a 
more accurate check on the proportions of iron and chlorine, freshly 
precipitated samples were washed and at once dissolved in dilute 
sulphuric acid ; two determinations with different samples then gave 
Cl: Fe = 1 : 2-020 and 1 : 2-024. 

11. The precipitate formed on adding nickel chloride solution to a 
boiling aqueous solution of hexamethylenetetramine always con- 
tained some portion of the base. Even after 30 minutes’ boiling, the 
precipitate had a chlorine content of about 5%, and ammonia and 
formaldehyde could be obtained from it on decomposition. A 
definite compound was finally obtained by boiling the precipitate for 
about 8 hours, the solution being changed for fresh solution of 
hexamethylenetetramine three times, until the precipitate was free 
from chloride. A pale green sandy powder was obtained and 
identified as an addition compound of nickel hydroxide and tri- 
hydroxytrimethylamine [Found: Ni, 45-7, 45:7; N, 3-4, 3-6; 
CH,O, 23-3, 23-4. N(CH,°OH),,3Ni(OH), requires Ni, 45-7; N, 
36; CH,O, 23-4%]. THe nitrogen was estimated as ammonia and 
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the CH,O group as formaldehyde. The compound loses 15-0°, of 
water at 95° (Calc. for 3H,0: 14-02%) without marked change in 
colour or in chemical nature. It is odourless and insoluble in water, 
It differs from nickel hydroxide in being insoluble in boiling form. 
aldehyde solution. There is no reaction with boiling sodium hydr. 
oxide solution, and attempts to reduce the compound with sodium 
and aleohol and with sodium hydrosulphite failed. When left 
over-night in cold N-hydrochloric acid solution, very little dissolves, 
but the residue on drying contains chloride and smells of form. 
aldehyde. The compound is decomposed on boiling with dilute 
mineral acid, yielding ammonia, formaldehyde, and a nickel salt. A 
suspension of the compound in water is decomposed by hydrogen 
sulphide, yielding an aqueous solution of ammonium sulphide and an 
insoluble grey product having the unpleasant odour of polymerised 
thioformaldehyde and containing nickel sulphide. The probable 
reaction is N(CH,*OH),,3Ni(OH), + 7H,S = NH,HS +- 3NiS + 
3CH,S + 9H,O. Freshly precipitated nickel hydroxide was boiled 
with excess of 20° aqueous hexamethylenetetramine solution for 
6 hours. Analysis of the resulting insoluble green product (Found : 
N, 1-28; CH,O, 8:35%; N:CH,O = 1: 3-03) showed that partial 
formation of the above addition compound had resulted. Complete 
conversion was not expected because of the insoluble gelatinous 


nature of nickel hydroxide. This supports the view that the addition 
compound described above is derived from a basic nickel chloride, 
probably 3Ni(OH),,NiCl,, formed as an intermediate product from 
nickel chloride. 


Addition Compounds in Alcoholic Solution. 


Method.—Cold solutions of the chlorides in absolute alcohol were 
added gradually with constant stirring to excess of hexamethylene- 
tetramine dissolved in absolute alcohol. The crystalline compounds 
separated immediately and were at once collected and washed with 
absolute alcohol. The four tin and antimony compounds all formed 
colourless, microscopic, oblong plates. The following compounds 
were thus obtained. 

1. Bishexamethylenetetramine stannous chloride (Found : Sn, 25-04; 
Cl, 15-17; O,H,.N,, 58-53. SnCl,,2C,H,.N, requires Sn, 25-27; 
Cl, 15-12; C,H, N,, 59°60%). When heated, this compound chars 
extensively, giving ammonia and formaldehyde, and leaving a 
residue of tin; it is decomposed by cold water, with formation of 
stannous hydroxide. 

2. Tetrakishexamethylenetetramine stannic chloride (Found: Sn, 
14-4; Cl, 17-2; CgH, Ny, 67-3. SnCl,,4C,H,,N, requires Sn, 14:5; 
Cl, 17:3; CgH, .N,4, 68-2%). When heated! this compound behaves 





ADDITION COMPOUNDS FROM METALLIC CHLORIDES, ETC. 417 


like the stannous chloride compound; with water it is hydrolysed 
to «-stannie acid. 

3. Trishexamethylenetetramine antimony trichloride (Found: Sb, 
18-6; Cl, 16-5; C,H,,N,, 63-9. SbCl,,3C,H,,N, requires Sb, 18-6; 
Cl, 16-5; C,H,.N,, 5-0%) decomposes in water to give antimony 
hydroxide, Sb(OH), (Found: Sb, 71-0. Cale.: Sb, 70-2%). 

4, Hexakishexamethylenetetramine antimony pentachloride (Found : 
Sb, 10-15; Cl, 15-2; C,H,.N,, 72-9. SbC1;,6C,H,.N, requires Sb, 
10-55; Cl, 15-6; C,H,.N,, 73-8%) decomposes in water but not 
completely until the mixture is heated, whereupon antimonic acid, 
HSbO;, is obtained (Found: Sb, 71-1. Cale.: Sb, 710%). Al- 
though much formaldehyde is produced on boiling antimony penta- 
chloride with aqueous hexamethylenetetramine solution, there is no 
noticeable reduction to antimonous compound. 

5. Hexamethylenetetramine bismuth trichloride was obtained as 
white microscopic crystals (Found: Bi, 45-4; Cl, 22-9; CgH,N,, 
31-4. BiCl,,C,H,.N, requires Bi, 45-8; Cl, 23-4; CgH,.N,, 30°8%). 
This compound was decomposed by water to bismuth oxychloride, 
BiOCl (Found : Cl, 13-52. Cale. : Cl, 13-68%). 

6. Bishexamethylenetetramine zinc chloride separated as a very 
voluminous, white, microcrystalline powder (Found: Zn, 15-9; 
Cl, 17:3; C,H,.N,, 66-5. ZnCl,,2C,H,.N, requires Zn, 15-7; 


Cl, 17-05; C,H,.N,, 67-2%); unlike the compound prepared from 
aqueous solutions (p. 418), this dissolves readily in water, but on 
standing, slowly deposits zinc hydroxide. 


Addition Compounds prepared in Aqueous Solution. 


Method.—A concentrated aqueous solution of the chloride was 
stirred into excess of a concentrated aqueous solution of hexa- 
methylenetetramine. This yielded’ crystalline precipitates im- 
mediately for the cadmium, zinc, and calcium compounds, but 
evaporation was necessary to obtain the strontium compound. Air 
was excluded by hydrogen in the preparation of the ferrous com- 
pound. All the precipitates were washed finally with alcohol. The 
estimation of the hexamethylenetetramine portion of the compounds 
was made by the methods indicated on p. 414. Water of crystal- 
lisation was determined where possible at 95°. 

1. Hexamethylenetetramine di-cadmium chloride - pentahydrate, 
2CdCl,,C,H,.N,,5H,O, was obtained as a white microcrystalline 
powder (Found: Cd, 37-2, 37-1; Cl, 23-7, 240; C,H,.N,, 23-7, 
23-5; H,O, 14-0, 14-1. Cale.: Od, 37-7; Cl, 23-8; C.H,.N,, 23:5; 
H,0, 15°1%). When stirred in N-hydrochloric acid it dissolved, 
and the colourless needles which separated were identified as 
CdCl,,CH,.N,,HCl,H,O (Found: Cd, 29-4; Cl, 281; C,H,.N,, 
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37°7. Cale.: Cd, 29-7; Cl, 28:2; CgH,.N,, 37-0%), which had 
previously been obtained from hydrochloric acid solutions of the 
chloride and the base. 

2. Bishexamethylenetetramine tri-zinc chloride hexahydrate was 
obtained as a white microcrystalline powder (Found: Zn, 24:8: 
Cl,25-9; CgH,.N,, 35-0. 3ZnCl,,2C,H,.N,,6H,O requires Zn, 24-7; 
Cl, 26-7; C,H,.N4, 35-1%). When stirred with water it is hydrolysed 
to basic zinc chloride of indefinite composition. 

3. Bishexamethylenetetramine calcium chloride decahydrate was 
obtained in minute colourless crystals (Found: Ca, 7-1; Cl, 12:5, 
12-4; OgH,sNy, 49°15, 48-5; H,O, 30-9. CaCl,,20JH,.N,,10H,0 
requires Ca, 7-0; Cl, 12-4; CyH,.Ny, 49-0; H,O, 31-5%). The 
compound is not deliquescent. It can be boiled in solution and 
recovered unchanged. We have prepared it both from cold solutions 
and by mixing boiling solutions of the components, but it has 
always separated as a decahydrate : we have been unable to prepare 
the hexahydrate which Vanino and Schinner (loc. cit.) describe. 

4. Bishexamethylenetetramine strontium chloride nonahydrate, 
obtained in colourless minute crystals like those of the calcium 
compound (Found : Sr, 14-75; Cl, 11-9, 11-8; C,H,.N,, 46-6, 46-9; 
H,O, 26-5. SrCl,,2C,H,.N,,9H,O requires Sr, 14-6; Cl, 118; 
C,H,,N,, 46-6; H,O, 27-0%), is stable in boiling water. 

5. Bishexamethylenetetramine ferrous chloride nonahydrate, 
FeCl,,2C,H,,N,,9H,O, was obtained as very pale green microscopic 
plates when a fresh solution of ferrous chloride (made from iron and 
concentrated hydrochloric acid) was run into cold concentrated 
aqueous hexamethylenetetramine solution in an atmosphere of 
hydrogen. The crystals were washed with alcohol and then ether, 
pressed between filter paper, and at once analysed (Found: Fe, 10-1; 
Cl, 12:7; CyH,.N,, 48-4; H,O, 28-9. FeCl,,2C,H,.N,,9H,O requires 
Fe, 9°8; Cl, 12-5; CgH,.N,, 49-2; H,O, 285%). The compound is 
not stable in air, becoming brown through oxidation; even in a 
closed tube it becomes brown and wet from its own water content. 

6. Basic hexamethylenetetramine cupric chloride dihydrate, 
Cu(OH)C1,CuCl,,C,H,.N,,2H,O. We have not been able to obtain 
the compound 2CuCl,,C,H,.N, described by Vanino and Schinner 
(loc. cit.). In attempts to avoid formation of a basic compound, the 
following method was tried: Saturated aqueous cupric chloride 
solution was added drop by drop and with vigorous shaking to excess 
of hexamethylenetetramine in alcoholic solution. The brown pre- 
cipitate obtained was not apparently crystalline [Found, for two 
preparations: Cu, 29-3, 30-2; Cl, 24-4, 24:3; C,H,.N,, 3tl. 
31:3. Cu(OH)Cl,CuCl,,C,H,.N,,2H,O requires Cu, 29-8; Cl, 24-95; 
CgH,2N,, 32-8%]. Vanino and Schinner gave no figures for chlorine 
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in their compound. When the brown compound was stirred in 
water it gave immediately the pale blue basic cupric chloride 
3Cu(OH),.,CuCl, (Found: Cu, 58-87; Cl, 16-37. Cale.: Cu, 59-54; 
Cl, 16-61%). 

7. Hexamethylenetetramine di-cwpric sulphate dihydrate was 
obtained in grass-green microscopic crystals when concentrated 
aqueous cupric sulphate solution was added in drops to alcoholic 
hexamethylenetetramine solution (Found: Cu, 25-7; SO,, 38-8; 
(gHyNy, 27:2; H,O, 7-0. 2CuSO,,C,H,,N,,2H,O requires Cu, 
25:7; SO,, 38°38; CgH,.N,, 28-3; H,O, 7-3%); it decomposed in 
water, yielding pale blue basic cupric sulphate, 3Cu(OH),,CuSO, 
(Found : Cu, 56-50; SO,, 21-47. Cale.: Cu, 56-23; SO,, 21-22%). 

8. Hexamethylenetetramine di-cupric acetate was obtained as 
dark green microscopic needles on mixing concentrated aqueous 
cupric acetate solution with excess of alcoholic hexamethylene- 
tetramine solution [Found: Cu, 25-2; OAc, 46-1; C,H,.N,, 28-0. 
Cale. for 2(CH,°CO,),Cu,C,H,.N,: Cu, 25-3; OAc, 46-9; C.H,,N,, 
278%]. Vanino and Schinner (loc. cit.) prepared this compound, 
but used cupric chloride solution, acetic acid, and hexamethylene- 
tetramine in aqueous solution. 


CENTRAL TECHNICAL COLLEGE, 
BIRMINGHAM. [Received, December 8th, 1928.] 





LX1I.—The Decomposition of Methane. Part I. 
By Cyrm Wiri1am Hart JonsEs. 


THE object of the present work is to investigate (a) the thermal 
decomposition of methane under various conditions of temperature, 
pressure, and times of heating and (b) the behaviour of the gas when 
subjected to the action of the electric spark. 

The methane used was natural gas from a South Wales colliery. 
It contained 92-5% of methane, 35% of hydrogen, and 3-9% of 
nitrogen. Analyses were carried out in a Bone and Wheeler 
apparatus, following the scheme of Williams-Gardner (Fuel, 1925, 
4, 430). 

A. Thermal Decomposition of Methane. 


The apparatus is shown diagrammatically in Fig. 1. The dried 
methane from the cylinder was introduced to the graduated gas 
holder, A. The apparatus was exhausted and the gas passed at the 
desired pressure and rate of flow to the gas holder, B, through the 
heated quartz capillary tube, C. This tube, of 1 mm. internal 
diameter and 2 mm. wall thickness, was 120 cm. long, and a length of 
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80 cm. was heated to a constant temperature by means of an electric 
tube furnace. D is a condenser cooled in a mixture of acetone and 
solid carbon dioxide. After passage of the gas, the apparatus was 
exhausted, tap 1 closed, and tap 2 opened to the manometer. The 
condenser was allowed to attain room temperature, and thus the 
presence of easily condensable hydrocarbons was indicated, whilst 
oil or solid matter could be seen on the walls of the condenser. After 
each experiment a stream of oxygen was passed through the heated 
quartz tube to burn out any carbon formed, so that the internal 
surface of the tube was the same at the beginning of each experiment. 





























Le 


Results.—In the first series of experiments the gas was passed at 
constant pressure between the gas holders ten or twelve times, the 
percentage increase in pressure at constant volume being noted after 
each passage. Samples of the gas taken after such treatment showed 
the only decomposition products to be carbon and hydrogen, the 
former forming a hard, lustrous, coherent coating on the walls of the 
quartz tube. The temperature range investigated was 700—1080°, 
and the rates of flow were 100, 200, or 300 cm. persec. The pressures 
were between 10 and 70 cm. of mercury. At 700° the increase in 
pressure was very small, at 800° and a rate of flow of 200 cm. per sec. 
the increase after ten passages through the tube was 2-5%, whilst at 
1080° and a rate of 100 cm. per sec. it was 32-0% for the same 
number of passages. For intermediate temperatures the increase 
lay between these values, being lower at greater rates of flow. The 
increase in pressure was greater during the earlier passages through 
the tube than during the later ones. 

In the second series of experiments the gas was passed only once 
through the tube under similar conditions of temperature and pres- 
sure to the above. In no case did more than 5% of the methane 
decompose, and, as judged from the amount of hydrogen present in 
the heated gas, this decomposition was almost entirely into carbon 
and hydrogen. At 800° and 900° traces of olefinic hydrocarbons 
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were formed, but the amounts were too small to admit of accurate 
determination. At 1000° appreciable amounts were formed, as 
shown in Table I, which shows the relation between the pressure of 
gas during the heating and the proportion of olefins for two different 
rates of flow. At 300 cm./sec. the proportions were smaller and the 
results less trustworthy. 

TaBLeE I. 


Gas pressure, CM. ..........0000+ 10 20 30 40 50 60 70 


Olefins, %, at 100 cm./sec.... 0-13 0-78 1:25 1:55 1-75 1:61 0-84 
20 --. Trace 0:27 0-49 0-38 0-16 0-15 Trace 


9 > 9? 


Small amounts of acetylene were formed at all temperatures and 
pressures, the maximum yield occurring at a pressure of 30—40 cm. 
Easily condensable hydrocarbons were not formed under the experi- 
mental conditions. 

The work is being continued at the same and higher temperatures 
and at the same and lower flow speeds, and a much improved 
apparatus is being constructed. 


B. The Sparking of Methane. 


The apparatus consisted of an explosion pipette of about 200 c.c. 
capacity, fitted with platinum wire electrodes and connected to a 
constant-volume manometer. After having its pressure measured 
inthe manometer, a quantity of methane was passed into the pipette 
and brought to the desired pressure. The spark was passed inter- 
mittently in order to avoid overheating the electrodes, the pressure 
of the gas being kept constant. The pressure of the gas at constant 
volume was measured at frequent intervals and samples were drawn 
off and analysed ; the pressure was found to rise in accordance with 
the values shown in Table II. The influence of pressure on the 
course of the reaction is noteworthy, decomposition being much 
faster at higher concentrations. 


TaBLeE II. 


Percentage increase in pressure at given pressures (cm.) 
Time of during sparking. 
sparking —— —__~ --——~ 
(mins.). . 20. 30. 40. 50. 60. 70. 
13-0 17-25 225 21-0 28-0 28-5 
22-5 30-0 37-0 35-0 46-0 47-0 
30-0 39-0 47-0 46-0 60-0 62-0 
35°5 46-0 56-0 , 71-0 74-0 
41-5 52-5 63-0 63-5 79-5 81-5 
47-0 57-5 70-0 72-0 85-0 
51-5 61-5 73°5 77-0 88-5 








58-0 61-5 77-0 92-0 
58-0 69-5 80-0 — 
61-8 71-0 81-5 
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From these figures it may be calculated that the reaction is mainly 
bimolecular, but tends to become more complex as the decomposition 
proceeds. Analysis of the sparked gas showed the main reaction to 
be direct decomposition to carbon and hydrogen, but high per. 
centages of olefinic and acetylenic hydrocarbons are formed, as 
shown in Table III. 


Taste III. 


Olefins, %, at stated Acetylenes, %, at stated 
Time of pressures. pressures. 
sparking — — Ng 
(mins.). 40cm. 60cm. 70cm. 40cm. 60cm. 70cm. 
1-10 2-05 3-90 7-50 4-85 5-20 
1-55 3°15 5°35 8-45 7°40 7°75 
1-90 3°70 5-90 8-90 7-55 7°80 
2-20 4-05 6-00 9-00 7-00 7-85 





The formation of both olefins and acetylenes is very rapid at first, 
but there is a tendency for the percentage of these components to 
reach a steady level. The yield of olefins appears to be roughly 
proportional to the pressure of the gas during sparking, but the 
highest yield of acetylenes is obtained at about 4 atmosphere. 

Small amounts of complex solid and liquid hydrocarbons were 
formed on the walls of the pipette. The carbon produced by direct 
decomposition of the gas to its elements tended to form a bridge 
across the spark gap. 


Summary. 


1. The decomposition of methane when passed through a heated 
quartz tube is chiefly into its elements. Small amounts of olefinic 
and acetylenic hydrocarbons are also formed. 

2. When methane is subjected to the electric spark discharge, 
carbon, hydrogen, olefins, and acetylenes are formed, together with 
small quantities of higher unsaturated hydrocarbons. 


In conclusion, my best thanks are due to Professor F. G. Donnan, 
F.R.S., who suggested and supervised the work, and to the Depart- 
ment of Scientific and Industrial Research for a grant which enabled 
it to be carried out. 

THe Sm Wit11am Ramsay LABORATORIES OF PHysIcAL 


AND InorGANIC CHEMISTRY, UNIVERSITY COLLEGE, 
LonDon, [Received, November 22nd, 1928.] 
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LXII.—The Nature of the Alternating Effect in Carbon 
Chains. Part XXX. The Nitration of Phenyl- 
bromocyanonitromethane, with Special Reference 
to an Alleged Example of Intramolecular meta- 
Rearrangement. 


By JoHN Witt1AM Baker and CHRISTOPHER KELK INGOLD. 


THE important part played by the nitration of phenylbromocyano- 
nitromethane in the history of the theory of aromatic substitution 
ed us to reinvestigate this reaction, with the result (J., 1926, 
462) that we had to controvert Fliirscheim’s original statement 
(J. pr. Chem., 1902, 66, 328) that the p-nitro-derivative alone is 
formed. Fliirscheim and Holmes subsequently published (J., 1928, 
453) a detailed examination of the reaction, and, whilst con- 
frming our finding to the extent of showing that the principal 
product of nitration is the m-derivative (thus bringing this case 
into line with phenylnitromethane itself, and with 6-phenyl-8-nitro- 
propane and other derivatives of the form C,H,;°CR,°NO,, all of 
vhich we had shown to yield large proportions of m-compound), 
investigated also a number of side reactions leading to products 
vhich when oxidised gave p-nitro- and m-bromo-benzoic acids. 
These side reactions (lateral decomposition) form the main subject 
of the present paper. 


(A) Conditions of Occurrence of the Side Reactions. 


Since water, although it facilitates the ionisation H’(O-NO,)’, 
will oppose any tendency towards (OH)’(NO,)’, nitration velocities 
must in general be strongly dependent on the water content of 
he nitric acid. It is consistent that the most important factor 
letermining the conditions under which lateral decomposition 
ids to replace the normal (mainly meta) nitration of phenyl- 
tomocyanonitromethane is the concentration of the nitric acid. 
1 order to indicate the magnitude and limits of this effect we 
ave carried out a series of nitration experiments under identical 
mditions, namely, those previously employed, but with acid 
mrying in strength from d}? 1-490 to dj 1-517 (see E,* 2, a). The 
igures, which appear consistent with those published by Flirscheim 


id Holmes only in the regions. where the result is relatively little 
pendent on the strength of the acid,t are in the first table, from 


* Throughout, E refers to the experimental section. 

t When phenylnitromethane is treated for 3-hours at —15° to 0° with 
itic acid, d 1-52 (10 parts), mononitration proceeds without the formation 
ty-products. With acid, d!3° 1-483, under conditions otherwise the same, 
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which Fig. 1 is plotted. The second table, which refers to nitration 
under other conditions (see E, 2, 6), shows that the speed of the 
‘side reactions, unlike that of nitration, is comparatively slightly 
affected by the strength of the acid, at least within considerable 
limits; for longer contact with a weaker acid increases lateral 
decomposition (as measured by brominated products), but decreases 
direct nitration (as measured by meta-nitration) despite the increased 


Fig. 1. 
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nitration is not quantitative, but the proportion of m-derivative in the nitro- 
phenylnitromethanes is the same as before, namely, 66-8 +- 1-0%, which figure 
should therefore replace the lower one given by us previously. 

* This is the acid used by us formerly, the density of which was given in 
the uncorrected form d 1-49, as we were not then aware of the importance 
of the fourth figure. Fliirscheim and Holmes, although aware of the notable 
influence of small density differences, stated that m-nitration does not occur 
appreciably under our conditions, but it will be seen that we have confirmed 
our previous estimate of the m-content almost exactly. Furthermore, they 
attribute to us a statement that the small amount of p-nitrobenzoic acid in 
the oxidation acids is not accompanied by a larger ameunt of benzoic acid, 
but we cannot find any such assertion: the only statement bearing on the 
point is that benzoic acid is present, and in quantity sufficient for isolation. 
Again, they refer to the ultimate analysis of the oxidation acids as proving 
the statement they attribute to us; but the conclusion is theirs, and is 
unjustified, if for no other reason than that the mixtures contain bromo-acids. 
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Acids by KMnQ,-oxidation (mols. %). 
Unsub- 5 
No.  . ys). stituted. Bromo-. op-Nitro-. m-Nitro-. 
8 . 0-0 38-1 20-1 41-8 
9 34-5 48-5 9-0 8-0 
\10 ’ 4-6 59-1 22-6 13-6 


The lateral decomposition takes place also in the absence of 
nitric acid (E, 10, 11, and 12), and the significance of this is discussed 
later (C, 1 and 2). 


(B) Nature of the Side Reactions. Section (i). A Criticism. 

(1) Summary of Fliirscheim and Holmes’s Conclusions.—The 
remarkable conclusions of these authors may be summarised by 
the statement that the process of lateral decomposition which 
leads, after oxidation, to m-bromobenzoic acid is an intramolecular 
m-migration of bromine, to be formulated * as at (X), whereas that 
which leads, after oxidation, to p-nitrobenzoic acid is dependent 
on an extramolecular p-nitration of the nucleus, and is to be 
represented as at (Y). 

The following changes are stated to take place, in addition to 
the m-migration leading to (II), namely, reduction of the original 
substance (I), re-arrangement of the reduction product (III), 
nitration of the isomeride (IV) thus formed, and conversion of the 
nitration product (V) into its isomeride (V1) : 


fh intramolecular 
(,H;-C(CN)-N-OBr change m-C,H,Br-C(CN)‘N-OH . . (X) 
(I.) {<-noz (II.) 


O ints 
yi isomerisation J ? : 
(.H,-(CN)N-OH > C,H; C(CN):NO OH (IV.) 
(III.) | exo 
fl ~ isomerisation ? ; : 4 . 
(VI.) (V.) 
Alleged changes omitted from this outline are referred to briefly 
under (B, 4). 
(2) Formation of m-Bromo-derivatives.—Flirscheim and Holmes 
regard process (X) as “‘the first proved case of intramolecular 


* The reproduction in this section of Fliirscheim and Holmes’s cyclic 
formule is for accuracy in quotation, and does not imply our acceptance of 
their arguments in favour of this method of formulation. For a discussion 
ii the significance of “ hypobromite reactions”? in C- and O-halogen com- 
pounds, see Ingold and Shoppee, J., 1928, 382—383. 
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m-migration’’ of a substituent in a side chain.* Furthermore, 
taking it together with the “almost exclusive extramolecula 
m-nitration of phenylbromocyanonitromethane,” they state that 
it “‘ proves that the law governing direct and indirect m-substi. 
tution is the same—just as the same law has long been known ty 
apply to direct and indirect substitution in the o- and p-positions.” 
This m-migration from a m-orienting side chain is stated to agre 
with their “theory of affinity distribution.” 

We think we understand how a theory, which, for a m-orienting 
benzene derivative, C,H,-R, postulates a distribution giving an 
enhanced affinity-field to the m-position, can accommodate m. 
migration arising from the attraction by the enhanced meta-field 
of some loosely bound portion of R. We are, however, prepared 
to say that such an occurrence is scarcely possible on our theory, 
according to which the meta-field (electrostatic) is permanently 
reduced by R (— I effect), without the possibility of relief from 
those momentary excitations (7' effect) which may make the 
(normally also de-activated) op-positions the centres of instan- 
taneous attracting fields extending to the side chain (compare 
Ingold and Shaw, J., 1927, 2918). Our view is, in short, that if 
any portion of R migrates internally to the nucleus it should reach 
the op-positions, never the m-position; that the chances of its 
reaching the m-position should be smaller the stronger the m-orient- 
ing power of R; and that there should be no common law applying 
to direct and to indirect m-substitution. We were accordingly 
disposed to question this “ first proved case,’ despite the definite 
character of Flirscheim and Holmes’s statements with regard to 
the evidence. 

Three reasons are given for regarding the transference of 
bromine as taking place by an intramolecular process. Of these, 
the first two are the “ observations ” (a) that the progress of the 
reaction is “ not affected by the addition of a substance containing 
a m-directing group,” and (b) that the rate of migration of bromine 
is “independent of the concentration.’’ Our experiments do not 
enable us to confirm either statement. As to (a), we find that 
the addition of a second substance containing a m-directing group 
causes a large proportion (e.g., about 40%) of the bromine to be trans- 
ferred to the m-position of that substance (see E, 4). 

Argument (6) would not in any case be cogent, because the 
invariance of the rate, even if established, would be capable of 
several explanations (as that it is determined by a pseudo-unimole- 
cular change to a more rapidly brominated product, or that the 
brominating agent is volatile and that the medium becomes satut- 

* The italics are theirs. 
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ated with it, etc.). Our experiments show (1) that the dynamics 
of the bromine transference are far from simple; for example, 
there is almost certainly a period of induction (see E, 5). Further- 
more, we find (2) that factors foreign to homogeneous reaction- 
dynamics, such as the escape of gases from the reaction mixture, 
influence the accumulation of nuclear bromine (see E, 8). In the 
circumstances it is difficult to attach a definite numerical signific- 
ance to the term “ rate,” and the translation of yields into rates is 
challengeable; nevertheless, we find (3) that the yields obtained 
after equal times at different concentrations are, contrary to the 
indications of Fliirscheim and Holmes, so widely different as to 
show that their simple view of the dynamics of the process is far 
from adequate (see E, 3). The observations summarised under (1) 
and (2) above will be referred to again later; those summarised 
under (3) may be illustrated here by the following table, in which 
the brackets indicate groups of experiments in which all conditions 
were identical excepting the initial concentration of phenylbromo- 
cyanonitromethane (PBCN). 


(E, 3, a; (E, 3, b; 
20 hours’ nitration). 240 hours’ nitration). 
Nitration No. ......... il 12 13 14 15 16 17 
Cone. PBCN, wt. % 100-0 66-7 33-3 9-1 1l-1 5-9 4:0 
m-Bromo-, mols. % 1-2 8-6 19-9 37-2 49-0 38-1 29-2 








We have no doubt that the relationship here exhibited is part of a 
much more complicated connexion between the concentration and 
the rate of transference of bromine to the nucleus; it is obvious, 
nevertheless, that the rate is not independent of the concentration. 

The remaining argument (c) is that the presence of the product 
(II) to be expected from the intramolecular rearrangement (X) has 
been ‘‘ conclusively established.” We think, however, that this 
statement is exaggerated. The reason for it is that, in Fliirscheim 
and Holmes’s opinion, m-bromophenylbromocyanonitromethane, 
which is present, is formed from (II) by the action of hypobromous 
acid, which they consider to be produced as shown at (Y), and 
to be present in quantities sufficient for detection in the spent 
nitric acid solutions. We shall show below that hypobromous acid 
is absent (see B, 4 and E, 5), and that there is a simpler explan- 
ation of the formation of m-bromophenylbromocyanonitromethane 
(compare C, 1). 

Summarising our experiments, it appears that none of the reasons 
given by Flirscheim and Holmes for regarding the bromine-trans- 
ference as intramolecular survives experimental re-examination ; 
nor is there at present any proof that the initial product of such 
a change is formed at all. 
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(3) Formation of p-Nitro-derivatives.—The only direct argument 
advanced by Fliirscheim and Holmes in support of their claim to 
have “ quantitatively elucidated’ the group of reactions (Y) is 
the statement that they have “conclusively established ” the 
presence of two of the postulated compounds, namely (III) and 
{V1). 

“The presence of (III) is inferred from the presence amongst the 
products of a phenyl derivative which, when directly boiled with 
permanganate, gives p-nitrobenzoic acid and an excess of benzoic 
acid. This effect is asswmed to be due to the decomposition of 
(III); but there is no other evidence that (III) is actually the 
substance responsible, and the same assumption might equally 
have been made with regard to any other hypothetical intermediate 
(still containing side-chain nitroxyl) possibly present during per. 
manganate oxidation. We have, however, prepared (III) and find 
that it decomposes by itself with a considerable transference (more 
than 20%) of the nitro-group from the side chain to the p-position 
(see E, 13); so that even if the existence of (III) in the nitration 
solution were established (which is not yet the case) the fact would 
tell against, and not in favour of, the theory that the few units % 
of p-nitro-products formed by lateral decomposition arise from 
extramolecular nitration of the aromatic nucleus by nitric acid 
(compare C, 2). 

Fliirscheim and Holmes’s “ proof” that (VI) is present rests 
on their statement that p-nitrophenylbromocyanonitromethane is 
present in substantial excess of the quantity attributable to direct 
nitration of phenylbromocyanonitromethane, together with their 
opinion that this excess arises by the action of hypobromous acid 
(which, in reality, is absent) on (VI). Fliirscheim and Holmes 
record, for instance, that the op-nitrophenylbromocyanonitrometh- 
anes formed on nitration with nitric acid di} 1-480 amount to 
about 60% of the quantity of m-isomeride; and they attribute 
the excess (presumably over about the first 10%) to the action 
of hypobromous acid on the hypothetical intermediate (VI). We 
have carefully examined this matter, both by following Fliirscheim 
and Holmes’s experimental method for the estimation of the op- 
and m-compounds, and also by a more direct method. By both 
methods we find (see E, 9) that the quantity of op-nitrophenyl- 
bromocyanonitromethanes formed by acid of the strength given 
constitutes only about 10% of the nitro-derivatives possessing an 
unaltered side chain; and this is approximately the quantity which 
might be expected to arise by direct nitration of phenylbromo- 
cyanonitromethane. 

We are therefore unable to agree with any of the evidence 
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advanced by Fliirscheim and Holmes in favour of their theory of 
external nuclear nitration, and in the sequel we shall propose an 
alternative theory (C, 2 and D, 3). 

(4) Additional Details—The remaining reactions which Flir- 
scheim and Holmes claim to have elucidated are contained in their 
paper in three somewhat elaborate schemes. (lac. cit., pp.-487, 458, 
460), none of which requires further consideration, since each is 
fundamentally dependent on one or more of the points already 
discussed. The following matter is, however, of some importance. 

Fliirscheim and Holmes postulate the intervention of hypo- 
bromous acid and consider this substance to be present in the 
nitration solution in quantity corresponding to the production of 
a ‘very material precipitation of silver bromide”; it is stated, 
moreover, that the conditions of their tests were such as to indicate 
the practical absence of free bromine from their solutions. Con- 
trary to both these statements, we have (a) been unable to convince 
ourselves of the presence of any hypobromous acid (see E, 5), and 
(b) have established the presence of a large amount of free bromine 
(see E, 6). The reliability of our negative result (a) is indirectly 
confirmed by the positive result (b) (compare also c, below) for the 
following reason. The equilibrium ratio [H*}[Br’)[HOBr}/[Br,] is 
known (Bray, J. Amer. Chem. Soc., 1910, 32, 938) to be of the 
order of 10°; it is also known that this equilibrium is established 
very rapidly. Therefore, even in a comparatively dilute acid 
solution, containing no extraneous bromide ions, the concentration 
of hypobromous acid could be only an almost infinitesimal fraction 
of that of the bromine; actually the solutions are strongly acid, 
which makes the fraction much smaller still: This conclusion is 
additionally enforced by our further observation (c) that a com- 
paratively large amount of extraneous bromide ion in the form of 
free hydrobromic acid is present (see E, 6). This must further 
reduce the concentration of hypobromous acid to a minute fraction 
of the already infinitesimal trace which might have existed in its 
absence. Therefore, known thermodynamic relations, whilst they 
support the conclusions drawn from our tests, are at variance with 
those derived by Fliirscheim and Holmes from theirs. 


(C) Nature of the Side Reactions. Section (ii). Constructive 
Suggestions. 

(1) Formation of m-Bromo-derivatives——An observation by 
Fliirscheim and Holmes, which we are able to confirm, is- that, 
when phenylbromocyanonitromethane is nitrated with acid so 
weak that side reactions strongly predominate, m-bromopheny]- 
sis~\teaiaineiaaalie is the principal product having an unde- 

Q 
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composed side chain. Fliirscheim and Holmes’s theory does not 
accommodate the direct formation of this major product, and they 
therefore postulate the following stages : (a) the original substance 
undergoes rearrangement, side-chain bromine passing to the nucleus: 
(0) another portion of the original substance loses side-chain brom. 
(08,25 -hemobromons. Laid: .{e) the hvpobromous acid puts back 
bromine into the side chain of the rearrangement product. The 
inadequacy of this hypothesis will be clear from the foregoing 
criticism : thus (a) has been dealt with under (B, 2), (6) under 
(B, 3), and (c) under (B, 4). We suggest that m-bromopheny/- 
bromocyanonitromethane is formed directly by nuclear attack of an 
external brominating agent, which either is, or depends on, free bromine. 
Our reasons will now be summarised. 

(i) m-Bromophenylbromocyanonitromethane is a major product 
(Fliirscheim and Holmes; see also E, 9) under the conditions 
stated above. 

(ii) In the nitration solution a brominating agent is present which 
is capable of introducing bromine into the m-position of a com- 
peting m-orienting benzene derivative (see B, 2; also E, 4). 

(iii) When phenylbromocyanonitromethane decomposes in the 
absence of any added reagent, the volatile products contain large 
amounts of bromine and hydrogen bromide, and also a quantity of 
nitrosyl bromide sufficient for liquefaction and redistillation (see 
E, 10). The first is a brominating agent, the second would be in 
the presence of concentrated nitric acid, and the third is a potential 
brominating agent since it is a source of nascent bromine (Trautz 
and Dalal, Z. anorg. Chem., 1920, 110, 1). When these volatile 
products are drawn rapidly away by the use of a vacuum there is 
practically no nuclear bromination (see E, 11); wherefore the m- 
bromination is obviously far from being a simple intramolecular 
change; that is, it must be an extramolecular change. 

(iv) We find, contrary to Fliirscheim and Holmes, that the rate 
of formation of m-bromo-products varies largely with the con- 
centration of the original substance (see B, 2; also E, 3). Thus 
the external brominating agent shown by (ii) to be present, is by 
(iii) and (iv) shown to be responsible for the m-bromination. 

(v) Bromine is present in large quantities in the nitration solu- 
tion, since its vapour is a major constituent of the evolved gases 
(see E, 6). 

(vi) Nitrosyl bromide and hydrobromic acid, similarly proved 
to be-present in the solution (see E, 6), must be sources of nascent 
bromine. That is, bromine, both actually and in statu nascendi, 
is, by (v) and (vi), shown to be present in the nitration solutions. 

(vii) The nuclear bromination occurring in nitric acid solution 
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is notably increased when the concentration of dissolved bromine 
is artificially augmented (see E, 7). Thus (Nitrations No. 31 and 
32) the addition of one molecular proportion of bromine raised 
nuclear mono-bromination from 35-7 to 82-5%, and also gave rise 
toan appreciable amount.of dibromination. Therefore, the bromine 
is evidently capable of effecting the nuclear bromination under the 
conditions obtaining. 

(viii) The nuclear bromination occurring in nitric acid solution 
is notably decreased when the concentration of volatile substances 
is artificially decreased by aiding their escape (see E, 8). Thus 
the effect of aspiration with air, previously purified and saturated 
at the temperature of the experiment with the vapour of nitric 


Fig. 2. 
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acid of the strength employed, was to reduce the m-bromination 
from 35-7 to 195% (Nitrations No. 32 and 33; compare 36). 
Aspiration with similarly treated oxygen-free nitrogen reduced 
the m-bromination from 43-1 to 23-3% (Nitrations No. 34 and 35). 
We conclude that the external brominating agent responsible for 
the m-bromination is a volatile substance. 

(ix) During the reaction in nitric acid the concentration of 
inorganic bromine (that which is precipitable as silver bromide 
after removal of all organic material) first rises and then falls 
after the manner characteristic of an intermediate in consecutive 
reactions; meanwhile the concentration of nuclear bromination 
products rises to a maximum and then remains constant (see E, 5). 
This effect is shown in Fig. 2, which is drawn from the results 
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obtained in a group of experiments (Nitrations No. 22—26) in 
which the time-variation of the different bromination and nitration 
products was traced over a long period. Similar curves can be 
constructed from the results of Nitrations No. 27—30, which were 
cnnilesly studied. We conelude. that the. external brominating 
‘OBent responsible for the m-bromination is an inorganic substance. 

Since the best known inorganic, volatile brominating agent is 
bromine, which has been proved both to be present and to be 
competent, we venture to connect it with the external brominating 
agent which has been shown to be responsible for the m-bromination, 

(2) Formation of p-Nitro-derivatives—The different orientation 
of the substituent in these derivatives shows that the mechanism 
of their formation must be radically different from that of the 
m-bromo-compounds. Fliirscheim and Holmes, having postulated 
intramolecular m-migration of the bromine, fulfilled this obvious 
requirement by asserting that the p-nitro-compounds arise through 
the extramolecular substitution of a different aromatic compound. 
But this type of explanation will not serve; for we have shown 
that a brominating agent is present which, since it readily bromin- 
ates even m-orienting compounds which undergo substitution com- 
paratively slowly, would brominate to a still larger extent Fliir- 
scheim and Holmes’s hypothetical intermediate, which undoubtedly 
would undergo p-substitution relatively very rapidly. Actually, 
very little p-bromination occurs. It would be beside the mark 
to argue that too little of the hypothetical intermediate is present; 
for then it would not explain what it was invented to explain, 
namely, the formation of a preponderance of p- over m-nitro- 
compounds, under conditions which also lead to a preponderance 
of m- over p-bromo-compounds. Thus the essential change leading 
to the formation of p-nitro-compounds is apparently not extra- 
molecular nitration by nitric acid, and once again we have to 
reverse Fliirscheim and Holmes’s conclusion and suggest that the 
formation of p-nitro-compounds depends on an internal change involv- 
ing growp-migration, in a sense to be considered later. Our reasons 
may be summarised as follows : 

(i) The absence of any substantial quantity of p-bromo-pro- 
ducts (see E, 4 and 9) appears to preclude the theory of ordinary 
substitution through a p-orienting intermediate. 

(ii) Flirscheim and Holmes’s hypothetical p-orienting _inter- 
mediate is, in fact, instantly converted by bromine into a m-orienting 
compound (see E, 14). 

(iii) Contrary to Fliirscheim and Holmes, we find no product 
definitely attributable to ordinary nitration through a p-orienting 
intermediate. Excluding the small proportion of op-nitropheny!- 
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bromocyanonitromethane conceivably arising from direct nitration 
of phenylbromocyanonitromethane (see B, 3), we cannot find in 
substantial quantity any derivative containing two nitro-groups, 
one in the p-position and the other in the side chain (see E, 9) 
(contrast bromination). 

(iv) When nitric acid is absent during the progress of lateral 
decomposition, op-nitro-derivatives are still formed; and, more- 
over, they are formed in quantity (e.g., 12°) sufficient to account, 
by means of a similar mechanism, for their production (e.g., about 
10%) by lateral decomposition in nitric acid solution (see E, 11). 

By the phrase “ internal change involving group-migration ”’ we 
do not necessarily mean “intramolecular migration,” although 
this would be included as a special case. A consideration of the 
mechanism of any real or so-called migration involves two major 
questions, namely, whether or no’ there is an internal change of 
structure, and, if there is, whether the group migrates within or 
without the molecule. To illustrate: In the “ rearrangement ” 
of V-chloroacetanilide there is neither an internal structural change * 
nor internal group-migration (Orton); in anionotropy the isomer- 
isation of the kation is internal, but the group-migration is external 
(Burton, Ingold); in the rearrangement of imino-ethers both the 
structural change and the group-migration are internal (Chapman). 
An alternative expression of our suggestion is, therefore, that the 
formation of p-nitro-derivatives depends on a process belonging 
either to the second or to the third of the categories here exemplified 
(compare Ingold, Smith, and Vass, J., 1927, 1245): The matter is 
further discussed below. 

(3) Additional Details—The above attempt to elucidate the 
general character of the side reactions leaves several details undeter- 
mined, as, for instance, the form in which bromine is originally 
eliminated, later to become elementary bromine. It may be 
eliminated as nitrosyl bromide. This view would readily accom- 
modate the formation of benzoyl cyanide as the main product of 
decomposition in the absence of nitric acid, and the presence in the 
gases of nitrosyl bromide, and the products of its dissociation, 
bromine and nitric oxide (E, 6 and 10) : 

(,H,*CBr(NO,)*CN —-+> C,H,*CO-CN + NOBr; 
2NOBr == Br, + 2NO.f 


Some of the eliminated bromine may also appear first as hydrogen 


* Apart, of course, from the polarisations involved in any substitution by 


an external reagent. 
t Nitrosyl tribromide, NOBr,, would also be formed (reversibly), and its 


presence may be of importance in connexion with the intimate mechanism 
of bromination. 
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bromide, through the intervention of (subsequently regenerated) 
water, the organic product, «-nitro-«-cyanobenzyl alcohol, thus 
formed eliminating nitrous acid. Some hydrogen bromide and 
nitrogen peroxide are certainly evolved, in addition to bromine 
and nitric oxide (K, 6 and 10). This suggestion, which may he 
formulated thus, 
C,H,*CBr(NO,)-CN —> C,H,-C(OH)(NO,)-CN —> 
C,H,;*CO-CN + HO-NO, 
was made to us by Dr. H. Burton. The first stage appears a 
possible reaction for any benzyl halide, and we have illustrated 
the postulated elimination of nitrous acid by converting «-bromo- 
a«-nitro-«-phenylethane into acetophenone by the action of silver 
oxide and water (see E, 17) : 
C,H,;CBr(NO,)-CH, —> C,H,;-C(OH)(NO,)-CH, —~> 
C,H,*CO-CH, + HO-NO. 
Here we have used a methyl group in place of the cyano-group in 
order to avoid hydrolysis of the carbonyl compound. 

Various questions arose in connexion with the internal change 
involving p-migration, such as whether the group-migration is 
internal or external, and whether the displaced group is nitroxyl 
or nitrosyl. We have never observed a blue colour suggestive of 
the last hypothesis. In any event a concomitant oxidation must 
occur, either of the already displaced group, or of the residual side 
chain; for it has not been found possible to isolate an earlier pro- 
duct of these changes than p-nitrobenzoyl cyanide, the formation 
of which must involve the absorption of one atom of oxygen. We 
have illustrated (see E, 15) the possibility of the mechanism repre- 
sented by 


<>CBr(NO,)CN a pt 7 CBrCN ——> 
NO, X_ >Co- CN 


by demonstrating the formation of p-nitrobenzoyl cyanide (see 
also E, 16) by the action of reagents, known to be present in the 
above decomposition (namely, bromine and nitrogen peroxide), 
on a p-nitrophenyl derivative containing a reduced nitroxyl-free 
side chain (p-nitrophenylacetonitrile). The most probable view 


of the oxidation seems to be that the anion, .p-NO,-C,H,-CBr-CN, 
intervening in the tautomerisation of the quinonoid product of 
nitroxyl-migration, achieves neutrality by ejecting a bromide ion, 
thus giving a bivalent carbon compound, p-NO,°C,H,°C-CN (electron 
sextet), which would be autoxidisable to p-nitrobenzoyl cyanide. 
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A variant of the first of the suggested mechanisms for the form- 
ation of benzoyl cyanide from phenylbromocyanonitromethane 
consists in the elimination of nitroxyl bromide, and then the 
immediate oxidation by this substance of the bivalent carbon 
compound, C,H,;*C-CN, so formed. The supposition that inter- 
mediates of this general type may arise by decomposition of the 
side chain in phenylbromocyanonitromethane renders intelligible 
the formation, not only of benzoyl cyanides; but also of stilbene 
derivatives—for the production of which we have obtained direct 
evidence by the isolation (see E, 12) of dicyanostilbene, 

CPh(CN):CPh(CN). 
The suggestions contained in this section are necessarily tentative. 


(D) Summary and Conclusions. 

(1) Phenylbromocyanonitromethane.—It has been shown (a) that 
Flirscheim and Holmes’s alleged evidence that this substance 
passes by intramolecular migration of bromine into m-bromophenyl- 
cyanonitromethane is valueless, (6) that free bromine is present 
under all conditions in which m-bromo-products, including m-bromo- 
phenylbromocyanonitromethane, are formed, and (c) that a large 
body of cogent evidence exists (nine reasons, C, 1) which points 
unmistakably to the conclusion that these m-bromo-products are 
formed by extramolecular bromination of the nucleus. 

(2) Intramolecular m-Migration.—It follows from (1) that no 
“ proved case ’”’ of the intramolecular m-migration of a substituent 
from a side chain has as yet been discovered. 

(3) Theories of Aromatic Substitution.—The intramolecular m- 
migration of a side-chain substituent, and indirect m-substitution 
dependent on this mechanism, are conceptions foreign to a theory 
of aromatic substitution which postulates inductive m-deactivation 
in m-orientation. The formation of op-products through an internal 
change involving the migration of a substituent from a normally 
m-directing side chain is, however, possible on this theory, since it 
envisages tautomeric op-activation (but not m-). The available 
evidence favours the suggestion that in the lateral decomposition 
of phenylbromocyanonitromethane p-nitro-products are formed in 
this way, the alleged contrary evidence of Fliirscheim and Holmes 


having been controverted. 


EXPERIMENTAL. 
Preparation of Phenylbromocyanonitromethane (E, 1). 
(1) Method (a)—In the earlier part of the investigation this 


substance was obtained by Fliirscheim’s method (loc. cit.), the 
samples being freshly prepared as required and analysed before 
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use (Found: C, 39-8, 40-1, 40-3; H, 2-1, 2-15, 2-05; Br, 32-6, 
Cale.: C, 39-8; H, 2-1; Br, 33-2%); but later it was found that 
a more uniform and stable product could be obtained by a method 
permitting the exclusion of water throughout the process. 

Method (b).—Dry bromine (slightly less than the theoretical 
quantity) was added gradually to a stirred suspension of the finely 
powdered dry sodium salt of phenyleyanonitromethane in dry 
ether, and the filtered solution was evaporated at the ordinary 
temperature in a vacuum over phosphoric oxide. The product, a 
very pale yellow liquid, did not darken in colour and did not develop 
any sharp smell of benzoyl cyanide on being kept in air for more 
than one month; it is therefore much more stable than the product 
obtained by method (a). Also, the new process is more expeditious, 
since only a small volume of ether requires evaporation in the 
vacuum. As a precaution against the adventitious decomposition 
of any sample, however, the material was always freshly prepared 
as required. 


Nitration of Phenylbromocyanonitromethane (E, 2—9). 

(2) Effect of Nitric Acid of Different Concentrations.—(Series a. 
Nitrations No. 1—7.) These nitrations were all carried out under 
our formerly described conditions—except that the strength of the 
acid was varied—the products being isolated and analysed as recom- 


mended by Flirscheim and Holmes (oxidation method C was used 
throughout). The density of the nitric acid, free or almost free 
from nitrous acid, was determined with a 5 c.c. pyknometer to 
five significant figures, but the fifth figure is not accurate and is 
not quoted. The results are in the first table under (A), and the 
analytical data refer to acids obtained by oxidation of the nitration 
products from which the acid by-products have been removed by 
extraction with potassium hydrogen carbonate. The figures repre- 
sent, not molecular percentages, but percentages by weight, since 
the un-nitrated acids contained undetermined proportions of 
m-bromobenzoic acid. Other numerical data are given in the 
table below. 

(Series 6. Nitrations No. 8—10.) These protracted nitrations 
were carried out with 16 parts of nitric acid at room temperature, 
and owing to the length of time the proportion of bromination is 
high. In these experiments the whole nitration product was 
oxidised. The results are given in the second table under (A), in 
which the figures for the bromo-acids include any nitro-m-bromo- 
benzoic acids calculated as bromobenzoic acid, except in No. 8, 
in which the actual proportions of these acids were 21-1 and 17-0 
mols. % respectively. The densities were determined as above. 


Oth 
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Series 


(a) 
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Other details in connexion with nitrations No. 1—10 are in the 
following table : 


Nitra- 
tion 


Deo NS Mahwte 2 


~ 
_— 


t 


(Series @. 


PBCN 
used 
(g.). 
4-490 
5-161 
2-537 
3-027 
2-594 
3-403 
8-214 
4-00 
2-00 
7-63 


Neutral 
product 
(g.). 
4-045 
4-740 
2°257 
3-215 
2-658 
3°670 
9-580 


— 
3-360 
1-455 
6-680 
* After separation of stated proportion of m-NO,-PBCN. 
From different portions of neutral product. 
A bar signifies ‘“‘ not determined.”’ 


(3) Effect of Concentration of Phenylbromocyanonitromethane.— 
The nitric acid used had 


Cc 
(%)- 
41-1 
37°5 
36-6 
34-7 


34-5 


Nitrations No. 11—14.) 


H 
(%)- 


2-2 
2-0 


1-7 
1-6 


1-6 


m-NO,-PBCN = 
separated 


"%). 
None 
0-94 
None 
49-0F 
47-0 


None 
’° 


> 


oxidised 


(g.). 
3-185 
3-610 
1-940 
1-746* 
0-694 
2-422 
1-850* 


3-260 
1-455 


1-580 


Acids 
formed 
(g.). 

1-751 
2-092 
1-081 
0-992 
0-352 
1-328} 
0-791 


2-588 
1-299 
1-359 


di 1-483. Four portions of the samg specimen of phenylbromo- 
cyanonitromethane were simultaneously treated with the propor- 
tions of nitric acid indicated in the table under B, 2, and left in 
the same water-bath at room temperature for 20 hours. The 
solutions were worked up as under E, 2, the whole product being 
oxidised in each case. The yields and compositions are given 
below. 

(Series 6. Nitrations No. 15—17.) The nitric acid had 
1-482. Three portions of the same specimen of phenylbromocyano- 
nitromethane were simultaneously treated with the proportions of 
acid recorded under B, 2, and kept for 240 hours in the same bath 
at room temperature. The solutions were evaporated for a few 
hours over potassium hydroxide in a vacuum to remove the more 
volatile products and then extracted with ether. The whole pro- 
ducts were oxidised as before, with the results recorded below : 


Nitra- 
tion 
Series. No. 


PBCN 
(g.). 
4-137 
3-997 
4-009 
3-945 
4-00 
4-00 
4-00 


products 
(g.). 


3°457 
3-360 
3-111 


Nitration Oxidation 


acids 

(-)- 
2-220 
2-389 
2-324 
2-355 
2-525 
2-588 
2-314 


Composition of acids R-CO,H (mols. %). 





R= 
O,H;. 
97-7 
91-0 
78-0 
17-0 
17-6 
0-0 
0-0 


NO -m- 


NOC, Cult NO,O,H,. BrOHy BreOsH,. 


12- 
20-1 
20-8 


(Note.—A bar signifies ‘‘ not weighed.” 
(4) Intramolecular Transference of Bromine.—(Series a. 


o-0 


Nitrations 


No. 18—20.) A specimen of nitric acid, d'!* 1-45 (uncorr.), was 


used. 


Three nitrations were set up simultaneously, No. 18 with 
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1-90 g. of phenylbromocyanonitromethane and 16-0 g. of nitric 
acid, No. 19 with 3-00 g. of benzyltrimethylammonium picrate and 
16-0 g. of nitric acid, and No. 20 with 1-90 g. of phenylbromocyano. 
nitromethane, 3-00 g. of benzyltrimethylammonium picrate, and 
16-0 g. of nitric acid; they were allowed to proceed in the same 
desiccator at the ordinary temperature for 800 hours. Potassium 
hydroxide was used in the desiccator, and the pressure in the 
stoppered nitration flasks was released from time to time. 

(No. 18.) A solid had separated (0-1728 g.) which was identified 
as pure m-bromobenzoic acid (m. p. 150°). A further quantity of 
the same acid in a crude condition (m. p. about 140°) was obtained 
by the addition of about 250 c.c. of ice-water. The ethereal extract 
yielded a neutral fraction, which was not investigated, and an acid 
fraction (0-857 g.), which contained bromine and had m. p. 152— 
161°. By repeated crystallisation of the less soluble portion of 
this, a small amount of a still impure bromo-acid was obtained, 
the m. p. (about 220°) of which was raised by admixture with 
p-bromobenzoic acid. 

(No. 19.) No oryutellisation had occurred, and the solution, on 
being poured into water, gave 2-154 g. of a picrate, m. p. about 
167°. _A further 0-846 g. was obtained by treatment of the evapor- 
ated solution with sodium picrate. On crystallisation from alcohol, 
these picrate fractions yielded pure benzyltrimethylammonium 
picrate, m. p. 171°, showing that no considerable amount of nitration 
had occurred. 

(No. 20.) The solid which had separated (0-161 g.) had m. p. 
232° and was identified as p-nitrobenzoic acid. By addition of 
water to the solution, evaporation, and addition of sodium picrate, 
2-20 g. of a picrate were obtained which after crystallisation from 
dilute alcohol yielded a product containing, according to an estim- 
ation of the bromine content, 95% of bromobenzyltrimethyl- 
ammonium picrate. It had m. p. about 143° before purification 
and consisted essentially of the m-bromo-salt (below) (mixed 
m. p.). 

(Series 6.) Preparation of m-bromobenzylirimethylammonium 
salts. m-Bromotoluene, prepared from m-toluidine, was bromin- 
ated at 170—175° with slightly more than the theoretical amount 
of bromine, and the crude product was mixed with an excess of 
33% alcoholic trimethylamine. The salt precipitated by the 
addition of ether was decolorised by charcoal in alcohol, reprecipit- 
ated with ether, and crystallised from absolute alcohol-ligroin; 
m-bromobenzylirimethylammonium bromide was then obtained as 
white triangular prisms, m. p. 216° (Found: Ionisable Br, 26-2. 
C,)H,;NBr, requires ionisable Br, 259%). When this salt. was 
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heated in a vacuum at 220—225°, decomposition took place. The 
produet, presumably a mixture of m-bromobenzyl bromide and 
m-bromobenzyldimethylamine, on oxidation with hot 3° potassium 
permanganate solution yielded m-bromobenzoie acid, m. p. 147— 
148° (mixed m. p.). The quaternary picrate, obtained from the 
bromide by treatment with saturated aqueous sodium picrate, 
separated from absolute alcohol in small prisms, m. p. 150° (Found : 
(, 42-4; H, 3-9. C,,H,,O,N,Br requires C, 42:0; H, 3-9%). 
Benzyltrimethylammonium bromide, prepared in the usual way, 
crystallised from alcohol-ligroin in thick rectangular plates, m. p. 
235°, which depressed the m. p. of the m-bromo-bromide on 
admixture. 

(No. 21.) Phenylbromocyanonitromethane (8-00 g.) and benzyl- 
trimethylammonium picrate (12-60 g.) were nitrated together, with 
35-4 c.c. of the nitric acid used for series (a), during 300 hours at 
room temperature. p-Nitrobenzoic acid, a neutral product (which 
had the odour of benzoyl cyanide and gave benzoic acid on oxid- 
ation), picric acid, and a series of picrate fractions (total, 11-46 g.) 
were isolated. A representative sample of the picrate fractions 
had a bromine content indicating the presence of 46% of m-bromo- 
benzyltrimethylammonium picrate. The least soluble fractions, 
m. p. 148—149°, 149—150°, consisted essentially of this substance 
(mixed m. p.’s); they were compared with the synthetic specimen 
and converted into the corresponding bromides, which were similarly 
compared, and decomposed by heating in a vacuum at 220° to 
products which, when oxidised, yielded m-bromobenzoic acid, 
m. p. 146—149° (mixed m. p.). The most soluble picrate fraction, 
m. p. about 163°, contained only a trace of bromine and consisted 
essentially of unchanged benzyltrimethylammonium picrate (mixed 
m. p.). 

(5) Variation with Time of Organic Products and Inorganic 
Bromine.—(Series a. Nitrations No. 22—26.) These were set up 
together by leaving a solution of 14-28 g. of phenylbromocyano- 
nitromethane in 98 c.c. of nitric acid (d 1-46 uncorr.) at room tem- 
perature and withdrawing samples of 20 c.c. at intervals for analysis. 
Each sample was run on to ice prepared from distilled water, and 
the organic material extracted under standard conditions in halogen- 
free vessels with pure halogen-free ether. In the aqueous solution 
the bromine precipitable as silver bromide was estimated in the 
usual way. The organic product was separated into neutral and 
acid portions by extraction with potassium hydrogen carbonate 
solution. By weighing the two fractions separately it was shown 
that the acid portion was far too small to account for the propor- 
tion of m-brominated-products, which are therefore proved to arise 
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by bromination of a neutral m-orienting substance. The neutral 
and the acid fractions were combined for analysis as under E, 2. 

(Series 5. Nitrations No. 27—30.) Phenylbromocyanonitro. 
methane (24-26 g.) was nitrated with 166 c.c. of nitric acid (d 1-45 
uncorr.) at the ordinary temperature. Samples of 20 c.c. were 
withdrawn at intervals as before, but in this series the order of 
addition of ether and silver nitrate was inverted, and the organic 
product was not separated into neutral and acid portions, but 
was weighed all together and oxidised as above. A qualitative 
test after 2-5 hours showed the presence of free bromide ions. 

The results obtained in both series are recorded in the following 
table : 

Composition of acids R-CO,H (mols. %). 





Inorg. Organic (g./c.c.). Nuclear 

e Br —'—, oxidn. R=  op- m- m- NOQ,-m- _by- 
. (g./l.). Neutral. Acid. (g./c.c.). C,H;. NO.O,H,. NO,-O,H,. BreO,H,. BreO,H;. pro- 
—a ee (cts, 

0-61 0-1215 0-0593 82-0 8-5(?) 0-3 9-1 $1 


ys 
) 


—EE 
2-03 00-1105 0-0046 0-057 63-5 3-1 


0-1112 0-0060 0-0877 516 40 
0-0946 0-0145 0-0919 24-5 
0-0600 0-0407 0-0897 22-3 


0-0654 61-0 
0-0639 55-0 2 
00773 266 1-2(2) 
0-0759 248 3- 


41-0 
63-8 
60-3 


29-2 
37-3 
56-1 1 
49-8 1 


on 
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to & to 


28 
® 29 
| 30 
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(i) we 


The spent liquors of each of these nitrations were treated with 
silver nitrate under the conditions of Fliirscheim and Holmes’s 
recorded tests for hypobromous acid. For the first few seconds 
the silver bromide precipitate remained colloidal, and appeared 
as a haze by transmitted light; soon, however, it began to flocculate, 
and, as is usual with silver bromide precipitates, the process was 
greatly hastened by shaking. An artificial solution of redistilled 
bromine in halogen-free aqueous nitric acid, when treated with a 
little halogen-free ether and silver nitrate under the same con- 
ditions, behaved, contrary to Flirscheim and Holmes’s statement, 
in exactly the same way. 

(6) The Volatile Products—Flirscheim and Holmes do not 
record the formation, in large quantity, of a number of volatile 
products of the action of nitric acid on phenylbromocyanonitro- 
methane. Many of our nitrations, including the series 22—30, 
were carried out in an all-glass apparatus in which the volatile 
products could be drawn off and examined. The gases identified 
were bromine (formation of styrene dibromide, m. p. and mixed 
m. p. 68°, from styrene in carbon tetrachloride), hydrogen bromide 
(usual test, with halogen-free reagents, after removal of bromine), 
nitrogen peroxide (colour in absence of free bromine and oxygen; 
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formation of nitrite and nitrate with alkali; formation of deep 
blue nitrosite with tetramethylethylene in carbon tetrachloride), 
and nitric oxide (colour on addition of oxygen after removal of 
bromine and nitrogen peroxide). The presence of bromine and 
nitric oxide proves the presence of nitrosyl bromide. 

(7) Effect of Addition of Bromine.—(Nitrations No. 31, 32.) These 
experiments were set up simultaneously, the same samples of 
phenylbromocyanonitromethane and nitric acid (10 parts; di 
1-483) being used, and allowed to proceed in sealed tubes for 36 
hours at the ordinary temperature. The whole products were 
oxidised in each case. In No. 31, bromine (1 mol.) was added, and 
the un-nitrated acids, recovered after oxidation with permanganate 
and reduction with titanous chloride, had a bromine content equival- 
ent to more than 100% of monobromobenzoic acid ; the composition 
of the mixture was therefore calculated as that of a mixture of 
mono- and di-bromobenzoic acids. In No. 32, no additional 
bromine was introduced, and the un-nitrated acids, which had a 
much lower bromine content, were taken as a mixture of benzoic 
and bromobenzoic acids. The following are the compositions of 
the acids R-CO,H, calculated as mols. % on these assumptions : 


Nitrae PBON Acids R= op- m- Total mono- 
tion. (g.)- (g.). O,H;. NO,-O,H,. NO,-C,H,. C,H,Br. NO,-O,H,Br. bromo-. C,H;Br;. 


31 4160 3-429 0-0 0-3 2-5 71-1 11-4 82-5 14-7 
32 4050 1-811 22-7 2-0 39-6 31-8 3°9 35-7 0-0 


(8) Effect of Aspiration with Air and N itrogen.—(Nitrations No. 32— 
36.) Simultaneously with No. 32, another nitration, No. 33, was 
set up with the same materials in the same proportion, but in an 
all-glass apparatus permitting the passage of a gas through the 
solution. The nitration was carried out at the same temperature 
and during the same period as No. 32, but throughout the whole 
time air, previously passed over decarbonating and drying agents 
and then through a sample of the same nitric acid, dj? 1-483, as 
that used for the nitration, was drawn through by a water-pump, 
a capillary tube being used as a precaution against back-diffusion 
and irregular flow. 

Two more nitrations, No. 34 and 35, were set up simultaneously 
with each other, the same sample of phenylbromocyanonitro- 
methane and the same nitric acid (d}? 1-483; 10 parts) being used 
—No. 34 in a loosely stoppered bottle, and No. 35 in the aspiration 
apparatus—and allowed to proceed at the same temperature (room) 
during the same time (36 hours). Nitrogen, taken from a cylinder, 
freed from oxygen by passage through alkaline pyrogallol, dried, 
and saturated with the vapour of the nitric acid used for nitration, 
was passed through the nitration solution throughout the period, 
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capillaries being used to buffer the stream, and slight suction from 
a water-pump serving to maintain the conditions of pressure the 
same as in No. 33. 

Experiment No. 36 was a duplicate of No. 33, except that the 
temperature, and the rate of bubbling of the air, were only approxim- 
ately repeated. Since the main object was to obtain an additional 
check on the reduced proportion of m-bromination, indicated by 
experiments 33 and 35, the analysis was shortened by estimating 
the small amount of nitro-m-bromo-acids as m-bromobenzoic acid 
along with the main portion of this substance. The error thus 
introduced makes the mols. % of m-bromo-products slightly high, 
so that the corresponding estimate of the reduction of m-bromination 
caused by aspiration is on the conservative side. 

All analyses of this series were carried out on the whole nitration 
products, as under E, 2. The results are shown in the table, in 
which the brackets indicate pairs of experiments in which all con. 
ditions, other than those relating to the escape of volatile products, 
were identical : 





Composition of acids ReCO,H (mols. %). 
Oxidation ae oes 
Nitra- Aeration and PBON acids R op- m- m- NO,-m- 
tion. aspiration. (g.)- (g.). . NO »O,H,. NO,-C,H,. O,H,Br. O©,H;Br. 
32 Sealedtube 4-050 1-811 : 2-0 39-6 31-8 3°9 
33 = Air passed 5-040 2-097 ‘ 4-6 24-7 14-6 4-9 


stoppered 
(35 Nitrogen 4-014 1-762 2- 3:8 50-0 = 21°8 1-5 
—— 
36 Air passed 4145 2-343 : 3-1 31-8 17-3 


\~ Loosely 3°979 2-296 . 3°6 36-2 39-2 3°9 


(9) Nuclear Substitution Products with an Unaltered Side Chain. 
—(Nitration No. 37.) In this experiment we followed the pro- 
cedure recommended by Fliirscheim and Holmes for the separation 
and analysis of the products with an unaltered side chain, but, 
‘contrary to their statement, encountered no difficulty in estimating 
these substances by direct oxidation to the corresponding substituted 
benzoic acids; the results obtained by Fliirscheim and Holmes’s 
method were therefore checked by this more direct method. 

Phenylbromocyanonitromethane (8-86 g.) was nitrated with 
120 c.c. of nitric acid, d}?’ 1-480, for 120 hours at room temperature. 
Benzoic acids were removed from the ethereal extract of the pro- 
duct by shaking with 5% potassium hydrogen carbonate solution, 
and a portion (3-81 g.) of the neutral residue (7-35 g.) was shaken 
with ether and a solution of potassium iodide (12 g.) in water 
(60 ¢.c.). The aqueous solution was shaken for 1-5 hours with 
10% aqueous potassium hydroxide, and then oxidised with boiling 
3% potassium permanganate solution, that part of the iodine thus 
produced which did not escape from the solution being destroyed 
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by sulphur dioxide after the oxidation. The ethereal solution, 
when freed from iodine by washing with aqueous sodium thiosulph- 
ate, dried, and evaporated, left a residue weighing 1-534 g. The 
complete neutral product thus contains 59-8% of arylbromecyano- 
nitromethanes and 40-2% of benzoyl cyanides, ete. In the follow- 
ing table the figures for op-nitro-derivatives may be slightly high 
(e.g., 2%) and those for bromonitro-products correspondingly low, 
owing to incomplete hydrolysis under our conditions of the salts 
of the bromoaminobenzoic acids in acid solution. The row marked 
“cale.”’ contains percentages indirectly calculated in accordance 
with Fliirscheim and Holmes’s procedure. The compositions of 
the acids R-CO,H, obtained from the various fractions of the 
nitration product, are in mols. %. 


R= m- m- 
Product of nitration No. 37. 0,H;. NO,-0,H,. NO,-0,H,. ©,H,Br. NO,-O,H,Br. 
(a) Whole neutral (taken as 
100% by weight) 1: 7-1 43-0 39°7 8-7 
(6) Bromocyanonitromethanes 
(59-8% by weight) , 7:0 54-8 25-1 8-8 
(c) Benzoyl cyanides, etc. 
(40-2% by weight) ° 4:3 16-7 71-0 7-7 
(¢@) Bromocyanonitromethanes 
9-0 60-7 18-6 9-3 


The non-nitrated benzoic acids recovered in the course of the 


analyses (b) and (c) were qualitatively examined. Each consisted 
of nearly pure m-bromobenzoic acid, which was obtained pure 
(m. p. and mixed m. p.) by one crystallisation from chloroform in 
both cases. This confirms the analogous result recorded under 
E, 4, and shows that, contrary to Fliirscheim and Holmes’s con- 
clusion, op-orienting compounds are not present during these 
nitrations. 


Lateral Decomposition of Phenylbromocyanonitromethane in the 
Absence of Nitric Acid (E, 10—12). 


(10) Decomposition at Atmospheric Pressure —(a. At the ordinary 
temperature.) Phenylbromocyanonitromethane (8-86 g., prepared 
by method a: see E, 1) was allowed to decompose at the ordinary 
temperature in an apparatus similar to that used for the examin- 
ation of the gaseous products formed on nitration (see E, 6). Brom- 
ine, hydrogen bromide, nitric oxide, and nitrogen peroxide were 
identified, and the partly solid -residue remaining after 3 months 
(6-78 g.) yielded benzoyl cyanide, p-nitrobenzoyl cyanide and p-nitro- 
benzoic acid as the main isolable products (m. p. and mixed m. p. 
in each case). 

(>. At 75—80°.) Fliirscheim and Holmes identified bromine 
ad nitric oxide amongst the volatile products; we find that 
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hydrogen bromide, nitrogen peroxide, and nitrosyl bromide ar 
also produced. The decomposition of phenylbromocyanonitro. 
methane (17-0 g.) was allowed to proceed in an all-glass apparatus 
in which the volatile products condensable at — 35° were collected 
in a bulb (subsequently to be used as a distilling flask) cooled in 
liquid ammonia, whilst the products which were not thus con. 
densable passed into an eudiometer. In the non-liquefied gaseous 
portion, hydrogen bromide and nitric oxide were identified as 
described previously. The deep brown liquefied product was dis. 
tilled by applying a cooling bath to a series of sealed-on bulbs to be 
used as receivers, and placing around the distilling bulb a water. 
bath, which, initially at 0°, was slowly heated. The bulbs were 
caused successively to function as receiver by a simple mechanism 
involving the rotation of a well-ground glass joint, and the fraction. 
ation was controlled by a thermometer, the very small bulb of 
which, touching the bottom of the distilling bulb, was totally 
immersed in the boiling liquid until near the end of the distillation. 
Finally, the bulbs were cut off, and their contents tested. The 
first fraction (small) had b. p. — 2° (constant), and on decom- 
position with distilled water gave a solution which, after being 
made alkaline with halogen-free potassium hydroxide, was proved 
to contain bromide and nitrite but no nitrate (recorded b. p. of 
nitrosyl bromide, — 2°). The second fraction (large) had b. p. 
20—24°, and its solution in alkali yielded positive tests for nitrite 
and nitrate (recorded b. p. of nitrogen peroxide, 22°). The third 
fraction (small) had b. p. up to 54°, mostly above 50°, and con- 
sisted of bromine containing a little nitrogen peroxide (proved as 
for second and fourth fractions). The fourth fraction (large), 
b. p. about 59°, was proved to be bromine by its odour, volatility, 
the liberation of iodine from an iodide, and the formation of styrene 
dibromide (m. p. and mixed m. p.) from styrene. 

The residue (13-0 g.) in the decomposition flask was placed in a 
vacuum to remove any further quantity of volatile material, and 
then distilled under reduced pressure; benzoyl cyanide (4-7 g.), 
m. p. 32—34°, was obtained, together with an impure fraction 
(5-2 g.) from which p-nitrobenzoyl cyanide crystallised (m. p. 116° 
after recrystallisation from ligroin), and a residue which decomposed. 

(11) Decomposition in a Vacuum.—The decomposition was 
carried out at 77—80°/20 mm., and the residue oxidised by Fiiir- 
scheim and Holmes’s method C. The acids contained benzoic acid 
(86-4 mols. %), op-nitrobenzoic acid (11-9 mols. %%), and m-bromo- 
benzoic acid (1-7 mols. %), but no m-nitro- or nitro-m-bromo-acids. 
Despite the rapid removal in this experiment of any possible volatile 
nitrating agents, the proportion of op-nitro-products is similar to 





ALTERNATING EFFECT IN CARBON OHAINS. PART xxx. 445 


(somewhat higher than) that found by Flirscheim and Holmes for 
decomposition at the ordinary pressure. 

(12) Decomposition in the Presence of Phosphoric Oxide.—This 
experiment, although it represents an unsuccessful (and very crude) 
attempt to arrest the decomposition by drying, is of interest inas- 
much as it led to the isolation of dicyanostilbene. A concentrated 
ethereal solution of phenylbromocyanonitromethane (prepared by 
method 6; see E, 1) was dried with phosphoric oxide for 2 days, 
and then transferred to a dried bulb containing fresh pentoxide. 
The ether was removed by distillation and the residue decomposed 
at about 75°. After removal of most of the benzoyl cyanide from 
the product by distillation up to 100°/9 mm., the residue was 
extracted with ligroin. The crystalline substance thus obtained, 
after recrystallisation from the same solvent, had m. p. 155—156°, 
both alone and after admixture with an authentic specimen of 
dicyanostilbene. 


Observations on Phenyleyanonitromethane (E, 13, 14). 


(13) Decomposition in the Absence of Reagents.—(a. Isolation of 
benzoyl cyanide.) An ethereal extract of the nitro-compound, 
prepared from 4-0 g. of its purified sodium salt, was evaporated, 
and the residue warmed to assist decomposition and finally heated 
on the steam-bath for a short time. The residue on distillation 
yielded a small fraction, b. p. about 110°/24 mm., which solidified 
and was identified as benzoyl cyanide, m. p. 32—34°. Extensive 
decomposition occurred on continuing the distillation. 

(b. Evidence of nitroxyl-migration.) The above experiment was 
repeated, but the residue, instead of being distilled, was shaken for 
3 hours with 10% potassium hydroxide solution, and the product 
oxidised with permanganate. The acids thus obtained contained 
10° by weight of an acidic gum which was insoluble both in ether 
and in hot hydrochloric acid. The remaining 90% of the acids 
had the following composition : benzoic acid 75-3 mols. %, m-nitro- 
benzoic acid 0-3 mol. % ( ?), and op-nitrobenzoic acids 24-4 mols. %. 

(14) Action of Bromine.—An ethereal solution of the nitro-com- 
pound reacted instantly with one molecular proportion of bromine 
in freshly prepared ethereal solution. The product obtained from 
the ethereal solution, after washing with water and drying, had 
the properties of phenylbromocyanonitromethane. 


Formation of Benzoyl Cyanide and its Analogues (E, 15—17). 

(15) Conversion of p-Nitrophenylacetonitrile into p-Nitrobenzoyl 
Cyanide.—p-Nitrophenylacetonitrile (5 g.) was heated to 120° 
(bath temperature) until fused, and then at 100—110° during the 
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gradual addition of dry bromine (6 g.) by a delivery tube dipping 
under the surface. Heating at the same temperature was cop. 
tinued until the evolution of hydrogen bromide ceased, and the 
cooled product was shaken with about 200 c.c. of dry ether, which 
dissolved all but a small amount of viscous oil. The residue froy 
the ether rapidly crystallised, and after a further crystallisatio, 
from ether-ligroin yielded p-nitrophenylbromoacetonitrile as small 
cubes, m. p. 96° (Found: C, 40-5; H, 2-2. C,H,O,N,Br requires 
C, 39-8; H, 2-1%). . 

An attempt to effect the bromination at 140—150° by means of 
bromine vapour carried in a current of carbon dioxide led to the 
formation of di-p-nitrodicyanostilbene, which crystallised from 
acetone and then melted at 275°. 

The ether-insoluble oil, the residue obtained on evaporation of 
the ethereal extract, and the pure bromo-compound were separately 
treated for 1 hour at 80—90° with the oxides of nitrogen evolved 
from arsenious acid and nitric acid (d 1-35, uncorr.). The products 
were distilled under diminished pressure, and, in the first two cases, 
distillates were obtained which solidified and after crystallisation 
from ligroin yielded pure p-nitrobenzoyl cyanide (m. p. and mixed 
m. p. 116—117°). The same substance was obtained when p-nitro. 
phenylacetonitrile was treated at 100—110° for 1 hour with a 
mixture of bromine vapour and the oxides of nitrogen generated 
as above. In the later stages of the above distillations at 5 mm. 
extensive decomposition occurred, making it impossible to identify 
the remainder of the material. 

(16) Conversion of Mandelonitrile into Benzoyl Cyanide.—When 
mandelonitrile was warmed on the steam-bath with a small pro- 
portion of bromine, hydrogen bromide was evolved and a very 
small quantity of a solid substance crystallised in the condenser. 
The liquid product was mixed with water and extracted with ether, 
and the acidic substances were removed from the ethereal extract 
by washing with potassium hydrogen carbonate solution. When 
the residue from the ethereal solution was distilled, the small 
fraction, b. p. 100—120°/24 mm., which was collected before the 
onset of decomposition, crystallised on cooling and yielded benzoyl 
cyanide, m. p. and mixed m. p. 32—34°. 

(17) Conversion of «-Bromo-a-nitro-a-phenylethane inio Aceto- 
phenone.—The bromonitro-compound (Baker and Ingold, loc. cit.) 
was first treated in the cold, and then gently warmed, with excess 
of moist silver oxide. The product was extracted with ether, freed 
from acids by washing with potassium hydrogen carbonate solution, 
and, after evaporation of the ether, distilled under diminished 
pressure. The initial portion of the distillate, b. p. about 120°/I8 
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mm., on treatment with aqueous semicarbazide acetate, yielded a 
copious precipitate of acetophenonesemicarbazone (m. p. and 
mixed m., p.). 


We wish to thank the Chemical Society for a grant in aid of this 
work. 
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LXIII.—The Mobility of Symmetrical Triad (Proto- 
tropic) Systems. PartIV. Mobility in the Simple 
Three-carbon System terminated by Aryl Groups. 


By CHRISTOPHER KELK INcoLD and CHARLES WILLIAM SHOPPEE. 


THE importance, from the point of view of the modern theory of 
reactivity-distribution in molecules, of the study of equilibria in 
simple * three-carbon prototropic systems has recently been 
emphasised (Ingold and Rothstein, this vol., p. 8), but no systematic 
examination of the subject has yet been taken up. The main 
available examples of three-carbon prototropy may be grouped as 
follows: (I) Indene, its derivatives and analogues (Ingold and 
Piggott, J., 1923, 123, 1469; Goss and Ingold, J., 1928, 1268); 
(II) propenylbenzene and its substitution products (Tiffeneau, 
Compt. rend., 1904, 139, 482; Shoppee, J., 1928, 2567; inter alia) ; 
(III) propenylammonium derivatives (Ingold and Rothstein, loc. 
cit.). 
' (I.) CH,-CH:CH Aryl-CH,°CH:CH, (1) 


aL 
“a > R,N-CH,-CH:CH, (IIL) 
+ + 
IV.) Aryl-CH,-CH:CH-Aryl’  R,N-CH,-CH:CH-NR,’ (V.) 


The great mobility of systems (I) renders them unsuitable for 
investigations on the position of equilibrium. Systems (IT) and 
(III), on the other hand, undergo isomeric change only in the 
presence of an added proton-attractor (usually ethoxide ions f), 
and the equilibrium, once attained, can readily be fixed by destruc- 
tion of the catalyst. The difficulty with regard to these systems, 
however, is that the equilibrium is too one-sided to permit of 
accurate determination. It therefore seemed that by the introduc- 


* The adjective is introduced to indicate the exclusion of pentad ‘“‘ three- 
carbon systems ”’ (e.g., pentad keto-enol, CH-C;C-C:0, etc.). 

+ The order of proton-affinity of the more commonly employed alkaline 
eatalysts is OH’<OMe’<OEt’, and illustrations of these inequalities are given 
in this paper. 
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tion of a balancing group, as in (IV) or (V), series might be obtained 
in which both the mobility and the position of equilibrium would 
be of a convenient order. This paper records a preliminary inves. 
tigation in which systems of type (IV) have been quantitatively 
studied with tolerably satisfactory results. 

The methoxyhydrocarbons (VI) and (VII) were originally 
described by Ingold and Piggott (J., 1922, 121, 2381): they under. 
went no interconversion at 220—230°, and each yielded its own 
dibromide. We have confirmed these results and found, further, 
that no interconversion occurs in the presence of hot dilute alkali 
solution, and that on ozonolysis each isomeride yields exclusively 
products corresponding to its constitution. These observations 
establish the stability of the isomerides under the condition which 
we have employed to isolate and examine the products of their 
partial or complete equilibration. Moreover, we found that each 
methoxyhydrocarbon could be quantitatively regenerated, without 
any interconversion, from its pure dibromide by the action of zinc 
dust, and this gave the means of obtaining the isomerides in the 
high degree of purity required for the study of their isomerisation 
by a physical method. 


p-MeO-C,H,-CH,‘CH:CHPh =~ p-MeO-C,H,-CH:CH-CH,Ph 
(VI, 29-5%.) (VII, 70-5%.) 


Interconversion was effected in 1-45N-ethyl-alcoholic sodium 
ethoxide at 85°, and, after 4 hours or longer at this temperature, 
mixtures were obtained which gave, on ozonolysis, products derived 
from both isomerides, and yielded mixtures of dibromides from which, 
even when (VI) was the starting point, up to 58% of the dibromide 
of (VII) could be isolated in a state of purity. The attainment of 
equilibrium was thereafter studied refractometrically. The coefii- 
cient (k,+4,) for the velocity of interconversion was 0-79 hour", 
and the equilibrium ratio (k,/k,) was 0-42, the corresponding 
percentages being as indicated beneath. the formule above. 

During the preparation of the methoxyhydrocarbons considerable 
quantities of the 6-carboxy-derivatives (VIII and IX) were accumu- 
lated, and it appeared of interest to examine the equilibration of 
these under the conditions used for the methoxyhydrocarbon, since 
the position of the carboxyl group is such that neither substance is 
a pentad keto-enol tautomeride. This was done (by thermal 
analysis), but the composition—time curves exhibited a curious semi- 
rectilinear character, which was traced to the separation of the 
sodium salts of the acids under the conditions used: the equili- 
bration was non-homogeneous. Therefore, although the same 
equilibrium mixture (indicated below the formule) was obtained 
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from each isomeride, the numerical data given in the experimental 
portion cannot be expressed as velocity coefficients : 

CO,H i CO,H 
p-MeO-C,H,°CH,°C:CHPh == p-MeO-C,H,°CH:C-CH,Ph 
(VIII, 44-0%.) eam (IX, 56-0%.) 

The acids were therefore converted into their methyl and ethyl 
esters, and the purity of these was proved by finding conditions in 
which they could be hydrolysed quantitatively to the corresponding 
pure acids. The same method of hydrolysis, combined with thermal 
analysis of the acids, gave a convenient method for the analysis of 
mixtures of isomeric esters. Observations on the interconversion of 
the isomeric methyl esters in the presence of methyl-alcoholic 
sodium methoxide at the b. p. and at 100° showed that this catalyst, 
although it effected some isomerisation at the higher temperature, 
was inconveniently slow in its action. The ethyl esters were there- 
fore selected for quantitative study. They readily came into 
equilibrium at 85° in the presence of alcoholic sodium ethoxide of 
the concentration used for the methoxyhydrocarbons, and the 
composition—time curves exhibited the normal unimolecular charac- 
ter. The velocity coefficient (k,+,) was 0-0585 hour, and the 
equilibrium ratio (k,/k,) was 0-770, the corresponding percentages 
being as shown beneath the following formule : 


CO,Et CO,Et 
p-MeO-C,H,’CH,°C:CHPh == p-MeO-C,H,°CH:C-CH,Ph 
(X, 43-5%.) (XI, 56-5%.) 
The theoretical significance of these results, in so far as it is not 
apparent from previous publications, will be discussed on a future 
occasion. 


EXPERIMENTAL. 
(1) Interconversion of the Methoxyhydrocarbons. 

x- p- Methoxyphenyl - y - phenyl - M8 - propene (V1).—p-Methoxy- 
cinmamic acid was prepared in good yield by condensing p-anis- 
aldehyde with malonic acid in pyridine solution on the steam-bath 
with the addition of a little piperidine, and reduced (220 g.) at about 
45° with 3% sodium amalgam (15 kg.) to the dihydro-acid, which 
was crystallised from 30% acetic acid below 60° (yield, 200 g.), and 
converted into its sodium salt. Ingold and Piggott’s method of 
condensing this salt with benzaldehyde was modified to the fol- 
lowing. The melt obtained by heating the salt (165 g.), benz- 
aldehyde (105 g.), and acetic anhydride (105 g.) successively for 
5 hours at 150°, 4 hours at 160°, and 1 hour at 170° was poured into 
a solution of excess of crystallised sodium carbonate and extracted 
with ether. The extract was washed with 2-sodium. hydroxide 
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and water, dried, and evaporated, and the residue carefully distilled 
in a vacuum by means of a metal-bath and a short column. The 
methoxyhydrocarbon was obtained (10-5 g.) as a pale yellow liquid, 
b. p. 211—213°/15. mm., n%,, 160194; an independent preparation 
had b. p. 208—211°/14 mm. and nz, 1-60194: It was con. 
verted into its dibromide, the m. p. of which was raised to the con- 
stant value of 94° by repeated crystallisation from ligroin (Found: 
C, 50-0; H, 4:2. Cale.: C, 50-0; H,4:2%). The purified bromide 
was treated with excess of zinc dust, followed by a small amount 
of “molecular” silver in boiling absolute alcohol, and the 
methoxy-compound extracted with ether from the diluted and 
acidified filtrate. It had b. p. 179—180°/3 mm. and nj, 1-60246. 
The regenerated methoxyhydrocarbon yielded the same crystalline 
dibromide, and repeated distillation, and boiling for several hours 
with dilute sodium hydroxide solution, did not alter this property 
or the refractive index. Successive treatment with ozone and 
water yielded benzaldehyde (semicarbazone instantly precipitated), 
p-methoxyphenylacetaldehyde, and benzoic acid, but no p-methoxy- 
phenylacetic acid. 

«-Phenyl-y-p-methoxyphenyl-A8-propene (VII).—Sodium £-pheny]- 
propionate (225 g.), p-anisaldehyde (160 g.), and acetic anhydride 
(160 g.), condensed as in the last example, yielded 46 g. of the 
methoxyhydrocarbon, b. p. 211—215°/14—15 mm., nz, 1-60659. 
This may be a mixture of geometrical isomerides, since the 
purified dibromide, m. p. 119°, on treatment with zinc and silver 
as described above, gave specimens having b. p. 185—186°/3 mm. 
and nj, 1-60598. Its stability to heat and aqueous alkali was 
proved as for the isomeride. Ozonolysis yielded anisaldehyde 
(semicarbazone instantly precipitated), phenylacetaldehyde, and 
anisic acid, but no phenylacetic acid. 

Interconversion.—Kither methoxyhydrocarbon (1 part) was heated 
at 85° for various times up to 18 hours with a solution of sodium 
(1 part) in ethyl alcohol (30 parts). The product was poured into 
water and extracted with ether and the extract was washed with 
calcium chloride solution, dried, and evaporated. The residual oil 
was then completely distilled under a pressure of about 1 mm. 

Qualitative Examination—Some of the products thus obtained 
were converted into their dibromides, from which considerable 
quantities (up to 58%) of the dibromide of «-phenyl-y-p-methoxy- 
phenylpropene were isolated when the period of heating of either 
methoxyhydrocarbon had been 4 hours or longer. Other products 
were also submitted to ozonolysis; benzoic and anisic acids were 
then obtained and partly separated, and likewise the rapidly pre- 
cipitated semicarbazones of benzaldehyde and anisaldehyde. 





SYMMETRICAL TRIAD (PROTOTROPIC) SYSTEMS. PART IV. 451] 


Quantitative Examination.—The linearity of the mixture law for 
the refractive indices of the isomeric methoxyhydrocarbons (VI and 
VII) was confirmed experimentally, and the interconversion was 
then followed refractometrically. The drum of the Pulfrich instru- 
ment was used as in the measurement of dispersion, so that differ- 
ences of refractive index could be observed with greater accuracy 
than their absolute values; by using a narrow auxiliary slit, and 
carefully focusing the green line from a powerful mercury are on 
the cross-wires, very accurate settings could be obtained. All the 
measurements were taken over a short interval of time; the tem- 
perature recorded, which is that of the water-jacket of the refracto- 
meter, was constant throughout the measurements. 


Refractive Indices of the Methoxyhydrocarbons and thew Mixtures. 


0-0 25°5 73-0 100-0 
1-60598 1-60511 1-60342 1-60246 


— 25-0 73-0 — 
* From linear law. 


Interconversion of Isomerides. 


Isomeride Time at 85° with Isomeride k, +k, 
used. NaOEt (hrs.). nee. VI (%). (hour™). 


1-60598 0-0 
540 16-5 
519 23-0 
498 28-5 
494 29°5 
494 29-5 
246 100-0 


near : VI (29-5%) == (705%) VII; velocity coefficient (k, + k,) = 
0:79 hour; k,/k, = 0°42; k, = 0-23; k, = 0-56. 


(2) Interconversion of the Methoxy-acids. 

«-p-Methoxybenzylcinnamic Acid (VIII).—An almost pure speci- 
men (23-5 g.) of this acid was obtained by acidifying the sodium 
hydroxide washings obtained in the preparation of «-p-methoxy- 
phenyl-y-phenylpropene, and a further quantity was isolated from 
the sodium carbonate solution as described by Ingold and Piggott 
(m. p. 165-5°). 

p-Methoxy-«-benzylcinnamic Acid (IX).—This acid was isolated 
and purified exactly as described by Ingold and Piggott, attempts 
to employ fractional crystallisation or extraction being unsuccessful 
(m. p. 171-5°). 

Interconversion.—Interconversion was effected by heating either 
acid with sodium ethoxide, under the conditions described for the 
methoxyhydrocarbons, for various times up to 48 hours. Ice-water 
and hydrochloric acid were added, and the organic acids extracted 
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completely with pure ether. The extract was dried and evaporated, 
and the last trace of ether removed at 100°. 

Qualitative Examination.—Products obtained by heating «-p. 
methoxybenzylcinnamic acid with sodium ethoxide for 24 hows 
or longer under the above conditions had m. p. about 130—14(' 
(Found: C, 75-5; H, 5-9. Cale.: C, 76:1; H, 6:1%). Three 
crystallisations from dilute alcohol gave crystals, m. p. 171°, con. 
sisting of pure p-methoxy-a«-benzylcinnamic acid. Other portions 
of these and similar products obtained from the same initial acid 
were treated with ozonised oxygen in glacial acetic acid solution 
for 24 hours, and the ozonide was decomposed with water. The 
products were separated into neutral and acid portions with ether 
and sodium carbonate. The main constituent of the acid fraction 
was p-anisic acid, which was readily purified by crystallisation from 
alcohol. The neutral portion yielded an immediate precipitate of 
semicarbazones, the major constituent of which was anisaldehyde- 
semicarbazone, m. p. 203°; the soluble semicarbazones were not 
examined. These experiments afford qualitative proof of the 
reaction in the direction (VIII) —~> (IX). 

Products obtained by heating p-methoxy-«-benzylcinnamic acid 
with sodium ethoxide for 24 hours or longer as indicated above were 
oxidised at 0° with the theoretical quantity of dilute permanganate 
solution, and the oxidation acids isolated in the usual way. Extrac- 
tion with warm ligroin yielded phenylacetic acid, which separated 
from the solvent on cooling, and from the sparingly soluble residue 
benzoic acid was sublimed and identified. The residue, principally 
p-anisic acid, was purified by crystallisation from dilute alcohol. 
The isolation of benzoic acid indicates the presence of «-p-methoxy- 
benzylcinnamic acid in the material oxidised. A control oxidation 
experiment with pure p-methoxy-«-benzyleinnamic acid gave the 
same results except that no benzoic acid could be removed by sub- 
limation. This proves that the interconversion also proceeds in 
the direction (IX) —~> (VIII). 

Quantitative Examinaticn.—In order to avoid sampling, the whole 
of the products obtained in interconversion experiments were trans- 
ferred to the freezing-point apparatus. 

The following f. p.’s are uncorrected, but were determined under 
identical conditions with the same apparatus. The f. p.’s of arti- 
ficial mixtures of the isomerides lie on a two-branch curve, the 
eutectic point of which corresponds to a mixture containing 56-8% 
of (VIII), having f. p. 113-8°. After determining the f. p.’s of the 
products of interconversion experiments, a pure isomeride was 
added and a further f. p. taken in order definitely to locate the 
corresponding point on the f. p. diagram. It was shown that these 
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products of the interconversion experiments were strictly binary in 
character, and that the process of isolation did not introduce 
impurities affecting the f. p. 


F. p.’s of Mixtures of Acids (VIII) and (IX). 
VIII (%) sss 0:0 16-9 35-0 49-8 60-1 715 83-65 100-0 
F, Ps eoseseees 169'5° 156:5° 139:0° 122-5° 118-5° 133-5° 148-5° 163-3° 
Interconversion of Isomerides. 


Acid id (Time (hrs.) 00 40 80 160 24-0 48-0 
Be ee 169:5° 164-0° 156-0° 141-0° 129-0° 129-0° 
weed. [V T(%)... 00 75 175 33:0 440 44-0 
Acid (Time (hrs.) 0-0 10 20 35 120 160 180 240 
VIII {F. P. ..--.. 163:3° 158-5° 155-5° 149-0° 122-5° 128-5° 129-0° 129-0° 
used. (VIII (%)... 100-0 94-0 90-5 84:0 49:8 445 440 44-0 
Equilibrium : VIII (44-0%) = (56-0%) IX. 


(3) Interconversion of Methyl and Ethyl Methoxy-esters. 

Preparation of Esters.—The following esters were obtained both 
by way of the acid chlorides, which were prepared by means of 
thionyl chloride, and also by the action of methyl iodide on the 
appropriate silver salts. Methyl fy ta aT cy espe x is @ 
colourless oil, b. p. 237—238°/14—15 mm., ni, 1-58904, ni%, 
159684, nj, 1-60221 (Found : C, 76-7; H, 6-5. C,,H,,0, reijitires 
(, 76-6; H, 64%). Its isomeride, methyl p-methoxy-«-benzyl- 
cinnamate, b. p. 245°/11—12 mm., solidified and separated from 
ligroin in rhombic prisms, m. p. 55° (Found: C, 76-7; H, 6-5%). 
Ethyl «-p-methoxybenzylcinnamate, a colourless oil, has b. p. 235°/ 
13-14 mm., n%, 1°58334, ni, 1-58972 (Found: C, 77-0; H, 6-7. 
(gH. 90, requires C, 77-3; H, 6-8%), and the isomeric ethyl p- 
methoxy-x-benzylcinnamate, b. p. 240—241°/10—11 mm., separates 
from ligroin or dilute alcohol as prismatic needles, m. p. 45° (Found : 
(,77-0; H, 6-7%). 

Alkaline Hydrolysis of Esters.—After some exploratory work the 
following method was evolved for use as described subsequently. 
he ester (1 part) was boiled for 0-5 hour with an aqueous-alcoholic 
lution of sodium hydroxide prepared from sodium (1 part), 
methyl or ethyl alcohol (30 parts), and water (22 parts). The acids 
vere isolated as indicated in section (2). The yields and m. p.’s were 


Yield of acid M. p. 
Ester used. (unpurified). (unpurified). 
Methyl 98-8% 165-0° 
Ethyl 98-3 165-5 
¢ Methyl 98-4 171-5 
1. Ethyl 98-4 171-5 


These results establish (a) that no interconversion of isomerides 
kes place in the presence of hydroxide ions at 100° under the 
R 
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conditions stated (contrast interconversion by OMe’ and OEt’), 
(6) that, since the yields of acids are constant and almost quanti. 
tative, and since no impurities affecting the m. p.’s of the acids are 
introduced, hydrolysis under the conditions described and subse. 
quent thermal analysis of the acids can be used to follow the inter. 
conversion of the esters. 

Stability of the Esters to Heat.—Redistillation of the esters and 
subsequent hydrolysis gave the same results, wherefore it follows 
that the esters, like the methoxyhydrocarbons, undergo no inter. 
conversion on being heated alone to temperatures somewhat above 
220°. 

Stability of the Methyl Esters to Sodium Methoxide.—The methyl 
esters (1 part) were boiled, for times up to 24-5 hours, with a solution 
of sodium methoxide prepared from sodium (1 part) and methyl 
alcohol (30 parts). Hydrolysis under the conditions described 
above, followed by f. p. determinations, showed that the esters were 
entirely unaltered. 

Methyl «-p-methoxybenzylcinnamate was heated with a similar 
solution of sodium methoxide at 100° for 72 hours. The f. p. of 
the acid was 122-0°, and was lowered by addition of p-methoxy- 
a-benzylcinnamic acid. Hence 37% of the ester has been converted 
into its isomeride. Since, at equilibrium, about 56% is expected to 
be converted, it is obvious that the catalytic activity of methoxide 
ions is small. 

Interconversion of Ethyl Esters by Sodium Ethoxide.—This was 
effected at 85° under the conditions used for the methoxy-acids and 
methoxyhydrocarbons. The approach towards equilibrium from 
either side was followed by hydrolysis, after addition of the amount 
of water necessary to produce aqueous-alcoholic sodium hydroxide 
of the strength stated above, and thermal analysis of the mixtures 
of acids formed. The f. p.’s were taken under the same conditions 
as those relating to the f. p. data in section (2). 


Isomeride Time at 85° with  F-. p. of Isomeride ky + ky 
used. NaOEt (hrs.). acids. X (%). (hour). 
0-0 169-5° 0-0 — 
8-0 156-5 17-0 0-066 
16-0 150-5 24-5 0-052 
23-0 149-0 26-0 0-051 
72-0 130-5 43-0 — 
72: 129-5 44-0 —_ 
115-0 . 56-0 0-054 
121-0 62-5 0-067 


28-0 
16-0 
4-0 152-5 88-0 0-060 
2-0 158-0 93-5 0-059 
0-0 163-3 100-0 — 


Equilibrium: X(43:5%) = (565%)XI; velocity coefficient, /, +: 
(mean) = 0-0586 hr.-!; k,/k, ~ 0-770; k, = 0-0255; k, = 0-0330. , 
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LXIV.—Mobile Anion Tautomerism. Part III. A 
Comparison of the Activation of Three-carbon 
Antonotropic Systems by Alkyl and by Aryl Groups. 


By Harotp Burton. 


Iy Part II (Burton, J., 1928, 1650) it was shown that the activation 
of the three-carbon anionotropic system (I) Ph-CHX-CH:CH,—> 
Ph-CH:CH°CH,X (II) by the phenyl group causes a complete 
conversion of (I) into (II) in suitable solvents. The conditions for 
the change are dependent on the anionic stability of X (i.e., strengths 
of acids HX) and also on some molecular property of the solvent 
closely related to its dielectric constant. The migratory power of 
X is in the order Br >OAc; O-CO-C,H,NO,(p)>OH. 

In the system (IIT— IV) the mobility of X is much smaller. For 
instance, each alcohol yields its own acetyl derivative on boiling 


x 


Cl at 
(III.) Me+CH—CH—CH, == Me-CH—CH—CH,X (IV.) 


with acetic anhydride (Baudrenghien, Bull. Soc. chim. Belg., 1922, 
31, 160; compare Prevost, Ann. Chim., 1928, 10, 147), and although 
both alcohols yield the same bromide («-bromo-A*-butene) (Bouis, 
ibid., 1928, 9,410; Prevost, loc. cit.), hydrolysis of this with aqueous 
alkali carbonate yields 60%, of (III) and 40% of (IV). The p-nitro- 
benzoates should resemble the acetates in their stability, and this 
has been verified for «-methylallyl p-nitrobenzoate by the author’s 
method (loc. cit.) of boiling an acetic anhydride solution for 6 and 
4 hours. In each experiment the substance was unchanged. 

In consequence of the pronounced difference in activating power 
of the phenyl and the methyl group a direct comparison of the two 
was made by examining an anionotropic system terminated at one 
end by a phenyl and at the other by a methyl group. No difficulty 
was experienced in the preparation by the usual Grignard method 
of a-phenyl-y-methylallyl alcohol (V) and the isomeric y-phenyl-a- 
nethylallyl alcohol (VI) (Klages, Ber., 1902, 35, 2650). 

H OH 


zm eas ee, 
\V.) Ph>CH—CH—CH<Me == Ph>CH—CH—CH<Me (VL) 
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Although it was not possible to prepare a homogeneous p-nitro. 
benzoyl derivative or bromide from either of these alcohols, the 
alcohol (V) was smoothly and completely converted into the acetate 
of (VI) by boiling with acetic anhydride. The completeness of the 
change shows the remarkable property of activating anionotropic 
systems possessed by the phenyl group. As it also promotes activ. 
ation in prototropic systems (Ingold and Shoppee, this vol., p. 447), 
this group is able, by tautomeric electron-displacements of either 
sign (see Ingold and Shaw, J., 1927, 2918) promoted by the require. 
ments of the system, to absorb an electric charge of either sign pro- 
duced by the ionisation of an attached atom or group. It is the 
separation of X as the ion (X°) that is the key process, and therefore 
it follows that the influence (represented by > in IIT) is probably 
a compensating influence. 

From the work of Ingold and others (J., 1927, 997; 1928, 3125) 
on the decomposition of quaternary ammonium hydroxides it follows 
that the influence (represented by > in III) of the alkyl group in 
increasing the toleration of C, for the shared sextet left by the 
separation of X° should reach its maximum at about n-hexyl. Even 
then the activation may not be as great as that produced by phenyl 


or by gem-dialkyl groups, aie 7 C(OH)-CH:CH,. Compounds of this 


structure have been shown (Locquin and Wouseng, Compt. rend., 
1922, 174, 1711; 175, 100) to give the derivatives | 
CR’R”CH-CH,-OAc 

on acetylation, and the substituted acraldehydes 
CR’R”:CH-CHO 

on oxidation in acid media. It is hoped to test the action of the 

n-hexyl group on anionotropic systems when some of the experi- 

mental difficulties have been surmounted. 


EXPERIMENTAL. 

a-Methylailyl p-nitrobenzoate, CHMe(O-CO-C,H,*NO,)-CH:CH, 
was obtained by heating a mixture of methylvinylearbinol (8-4 g.), 
p-nitrobenzoyl chloride (23-8 g.), and pyridine (150 c.c.) on the 
water-bath for 15 hours. The oil which separated when the product 
was poured into water gradually solidified, and the ester crystallised 
from alcohol in almost colourless needles, m. p. 43—44° (Found: 
C, 59-9; H, 4-9. C,,H,,0,N requires C, 59:7; H, 5-0%). When 
the p-nitrobenzoate (5 g.) was boiled with acetic anhydride (10 c.c.) 
for 6 and for 24 hours, and the solutions were poured into water, 
unchanged material was obtained in each case. 

a Phenyl-y-methylallyl Alcohol (V).—The Grignard reagent tt 
from magnesium (12 g.), bromobenzene (94 g.), ether (200 c.c.) 
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and a trace of iodine was cooled below 0°, and a solution of croton- 
aldehyde (35 g.) in ether (125 c.c.) added during 1-5 hours. The 
mixture was stirred for a further 4 hours and then decomposed with 
ice and saturated ammonium chloride solution. The alcohol (51 g.; 
yield, 70%) was obtained from the ethereal extract as a colourless 
mobile oil, b. p. 121-5—123-5°/14 mm. (Found: ©, 80-7; H, 8-05. 
(gH 120 requires C, 81-1; H, 8-1%). An attempt to prepare the 
pnitrobenzoyl derivative in pyridine solution gave an ill-defined 
solid, m. p. about 60°, which was probably a mixture of cis- and trans- 
isomerides and could not be purified by repeated crystallisation 
from alcohol. The bromide obtained by the action of a 30% solu- 
tion of hydrogen bromide in glacial acetic acid decomposed on 
distillation. 

y-Phenyl-a-methylallyl alcohol (VI) was prepared from magnesium 
methyl iodide and cinnamaldehyde as described by Klages (loc. 
cit.). During the vacuum distillation of the alcohol, small drops 
of water formed. [This tendency for formation of phenylbutadiene 
(Straus, Ber., 1909, 42, 2882) is enhanced by the presence of small 
amounts of acid substances.} The phenylurethane crystallised from 
light petroleum or dilute alcohol in clusters of colourless needles, 
m.p. 92—93° (Klages gives m. p. 94—95°) (Found : C, 76-4; H, 6-4. 
Cale. for C,,H,,0,N : C, 76-4; H, 6-4%). Attempts to prepare the 
p-nitrobenzoate and the bromide gave results similar to those 
obtained with the isomeride. 

A prototropic change analogous to Ph*CH(OH)-CH:CH,—~+ 
Ph:CO-CH,°CH, (Tiffeneau, Bull. Soc. chum., 1907, 1, 1209; see also 
Burton and Ingold, J., 1928, 908; Shoppee, ibid., p. 2567) is not 
undergone by either of the above alcohols in presence of 20% 
alcoholic potassium hydroxide or 5% sodium ethoxide solution. 

y-Phenyl-a-methylallyl Acetate, CHPh:CH-CHMe-OAc.—Either of 
the alcohols (V) and (VI) (10 g.) was boiled with acetic anhydride 
(15 c.c.) for 6 hours. The residue obtained after removal of the 
excess of acetic anhydride gave on distillation 6-3 g. of the acetate, 
b. p. 141—144°/15 mm. (Found: C, 763; H, 7:35. ©,.H,,0, 
requires C, 75-8; H, 7-4%), together with a dark-coloured, high- 
boiling residue. 

When the acetate was hydrolysed with an excess of 5% sodium 
ethoxide solution, and the product worked up in the usual way, 
y-phenyl-«-methylallyl alcohol, b. p. 130°/11 mm., was obtained : 
it was further characterised by the m. p. and mixed m. p. of its . 
phenylurethane. When a solution of the acetate in chloroform was 
teated with ozonised oxygen for 36 hours, and the ozonide decom- 
posed by boiling with water for 2—3 hours, no volatile aldehyde 
\Schiff’s reagent) was evolved. Benzoic acid, identified by mixed 
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m. p., separated from the cooled solution. The mother-liquor on 
evaporation gave a further small quantity of benzoic acid and had a 
strong odour of pyruvic acid. Pyruvic acid phenylhydrazone, m. p. 
185° (decomp.) (compare Bamberger and Grob, Ber., 1901, 34, 548), 
was obtained by the action of phenylhydrazine acetate on the residue, 
The acid was apparently formed by the hydrolysis and further 
oxidation of the intermediate «-acetoxypropaldehyde. 


The author wishes to thank Professor C. K. Ingold, D.Sc., F.RB.S., 
for his interest in this work, and the Government Grant Committee 
of the Royal Society for a grant which has helped to defray the 
cost. 
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LX V.—Aminobenzthiazoles. Part XI. The Synthesis 
of 5:4'-Disubstituted 1-Anilinobenzthiazoles from 
Nuclear-substituted Thiocarbanilides. 


By GrorGe Matcotm Dyson, RoBert Fercus Hunter, and 
CHARLES SoyKaA. 


One of the original objects of this investigation (J., 1925, 127, 
2023), viz., the bromination of di-p-substituted s-diphenylthio- 
carbamides (I) and of the corresponding 5 : 4’-disubstituted 1 -anilino- 
benzthiazoles (IT) has now been studied. 


rie N 
(I, OO "So NHK YR om K > he hi 


On account of the retarding effect of nuclear bromine on the 
closure of the thiazole ring (Hunter and Soyka, J., 1926, 2958), 
the bromination of s-di-p-bromophenylthiocarbamide (I, R = Br) 
was first examined. 

On treatment with bromine in chloroform, this thiocarbamide 
yielded a perbromide which may be a derivative of the hypothetical 
(R°NH),CBrSBr addition compound, since it changed into a 
hydropentabromide of 5 : 4’-dibromo-1-anilinobenzthiazole when the 
solution was heated. On reduction, the hydropentabromide yielded 
5 : 4’-dibromo-1-anilinobenzthiazole (II, R = Br), which was also 
prepared by condensation of 1-chloro-5-bromobenzthiazole (ITI) with 
p-bromoaniline, and by decomposition with hydroxylic solvents 
of the bromo-addition compounds obtained by treating | -anilino- 
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benzthiazole (II, R = H) and 4’-bromo-1-anilinobenzthiazole (IV) 
with bromine in chloroform. 


Br 6 001 ll, R=B atin . 
(x ool —> (HL, r) <— C, KK DONHK De 


(III.) (IV.) 

By brominating s-di-p-chloro- and s-di-p-fluoro-phenylthiocarb- 
amide, hydrotribromides of the corresponding dichloro- and difluoro- 
anilinobenzthiazoles were obtained, and all attempts to prepare 
higher bromo-addition compounds were unsuccessful. s-Di-p-carb- 
ethoxyphenylthiocarbamide (I, R = CO,Et), however, gave rise to 
an unstable hydropentabromide of ethyl 1-anilinobenzthiazole- 
5: 4’-dicarboxylate. 

The fact that the hydrotribromides and hydropentabromides can 
also be prepared by bromination of the hydrobromides of the anilino- 
benzthiazoles themselves in inertsolventssuggeststhat thecompounds 


a: — 
are best formulated as polyhalide-ion derivatives (Base, H) Br, and 


(Base, H) Br,;, analogous to the tribromides and pentabromides of 
the alkali metals (Wells and Wheeler, Amer. J. Sci., 1892, 43, 
476; Ephraim, Ber., 1917, 50, 1069) and to the ammonium penta- 
bromide described by Roozeboom (Ber., 1881, 14, 2398). 

In the course of these experiments we were led to re-examine the 
bromination of acetyldiphenylthiocarbamide. Hugershoff and 
Konig (Ber., 1901, 34, 3136) described the formation of a tribromide, 
NPhBr-CS(Br,)-NPhAc, which yielded a curiously stable “ sulph- 
oxide”? on treatment with sulphurous acid; subsequently, 
Hugershoff (Ber., 1903, 36, 3121) discovered that the alleged 
sulphoxide was identical with Hofmann’s acetanilidobenzthiazole 
(Ber., 1879, 12, 1126; 1880,13, 11). The tribromide is actually a 
hydrotribromide of 1-acetanilidobenzthiazole, and the formation of 
such a compound by an acetyl derivative is worthy of note, arising 
doubtless from the residual basicity of the nuclear nitrogen atom of 
the amidine system. 

The bromination of the anilinobenzthiazoles themselves in chloro- 
form gives rise to unstable bromo-addition compounds which differ 
strikingly from the Hugershoff bromides, particularly in the ease 
with which they change into bromo-substitution derivatives. 

The effect of a single nuclear halogen substituent on the bromin- 
ation of thiocarbanilides was also examined. It was found that 
s-p-bromo- and s-p-chloro-diphenylthiocarbamides, 

NHPh-CS:NH-C,H,X, 
which might conceivably give rise either to 5-substituted 1-anilino- 
benzthiazoles or to 4’-substituted derivatives, actually yielded bases 
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of the latter type (IV), which were identical with those obtained by 
condensation of 1-chlorobenzthiazole with the corresponding 
p-halogenated anilines. J 

The tendency of the substituent to seek the pp’-positions in 
1-anilinobenzthiazole was also observed in cases other than bromin. 
ation: nitration of this base by fuming nitric acid and iodination 
by iodine monochloride both produced 5 ; 4’-disubstituted 1-anilino. 
benzthiazoles, identical with those obtained by bromination of 
the corresponding di-p-substituted s-diphenylthiocarbamides— 
observations which suggest that the equivalence of the aromatic 
nuclei in the s-diarylthiocarbamides is partly maintained in the 
corresponding anilinobenzthiazoles. 


EXPERIMENTAL. 

5 : 4'-Dibromo-1]-anilinobenzthiazole (II, R = Br).—(A) Synthesis 
from s-di-p-bromophenylthiocarbamide by way of the hydropenta- 
bromide, and the isolation of the intermediate perbromide of the 
thiocarbamide. A suspension of 2 g. of s-di-p-bromophenylthio- 
carbamide in 30 c.c. of chloroform was treated with a solution of 
bromine (4 c.c.) in the same solvent (4 ¢.c.), and the mixture heated 
under reflux on a steam-bath for 4 hour. The perbromide of the 
thiocarbamide which first separated dissolved, and hydrogen bromide 
began to be evolved after an inhibition period of some 10 minutes. 
The hydropentabromide crystallised from the hot solution in orange- 
red needles, which were collected on porous earthenware and dried 
rapidly in a vacuum for analysis. Because of the instability of the 
compound, the crystals were kept in the vacuum until the actual 
moment of weighing [Found: Br (total), 71-8, 71-4, 71-6; Br 
(labile) (iodometrically in purified acetic acid), 42-5, 42-0; (iodo- 
metrically in chloroform containing a few drops of acetic acid), 
41-5, 41:0. C,,;H,N,Br,S,HBr(Br,) requires Br (total), 71-4; 
Br (labile), 40-8%]. The hydropentabromide melted with decom- 
position at 170°, and rapidly lost bromine on exposure to moist air; 
no lower bromide could, however, be isolated. 

The hydropentabromide, suspended in sulphurous acid, was treated 
with sulphur dioxide until the solid was colourless when crushed. 
The mixture was basified with ammonia (d 0-880) and the product 
was washed with boiling water and twice recrystallised from alcohol- 
ethyl acetate, 5 : 4’-dibromo-1-anilinobenzthiazole being obtained in 
silky needles, m. p. 221° (Found: N, 7-3; Br, 41-5; S, 86. 
C,3H,N,Br,S requires N, 7:3; Br, 41:7; 8S, 83%). The acetyl 
derivative, prepared by boiling a solution of the base in acetic 
anhydride for a few minutes and diluting the solution with absolute 
alcohol, separated from alcohol-ethyl acetate in needles, m. Pp. 
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205—206° (Found : Br, 37-5. C,;H,,ON,Br,S requires Br, 37-6%). 
The hydrobromide, prepared by saturating a warm suspension of the 
base in chloroform (0-5 g. in 40 c.c.) with dry hydrogen bromide and 
concentrating the resulting solution (after filtration) under reduced 
pressure at laboratory temperature, crystallised in small needles, 
m. p. 250° (decomp. with charring at 247°), which retained a small 
quantity of solvent and gave a high value for bromine (Found : 
Br, 52-9. C,,H,N,Br,S,HBr requires Br, 51-6%). Recrystallis- 
ation from ethyl acetate and similar solvents led to decomposition 
into the original components ; the hydrobromide was also completely 
decomposed by cold water, and therefore could not be prepared by 
concentrating solutions of the dibromo-base in hydrobromic acid, 
even of d 1-45. 

By treating a solution of the hydrobromide in chloroform, pre- 
pared as described above, with 5 c.c. of bromine and concentrating 
the resulting solution at 15°/30 mm., orange-red needles of the 
hydropentabromide were obtained which, after drying, had m. p. 
170° (decomp.), alone and when mixed with a specimen prepared by 
brominating s-di-p-bromophenylthiocarbamide. The identity was 
further confirmed by analysis [Found : Br (total), 71-7; Br (labile), 
415%]. 

A mixture of 3 g. of s-di-p-bromophenylthiocarbamide and 3 c.c. 
of bromine in 50 c.c. of chloroform was well shaken and kept for a 
short time; the perbromide of the thiocarbamide formed orange 
needles, m. p. 164° (decomp.) (Found: Br, 71-1%). On treatment 
of the perbromide with sulphurous acid, the thiocarbamide was 
regenerated ; it was identified by its properties, m. p., and the m. p. 
of a mixture with a genuine specimen. On treatment with 20% 
potassium hydroxidesolution, the perbromide yielded a product which 
separated from alcohol-ethyl acetate in colourless flakes, m. p. 275° 
(decomp. with charring) (Found: Br, 41-3%). 

(B) Synthesis from p-bromophenylthiocarbimide by way of 1-chloro- 
5-bromobenzthiazole. A mixture of 30 g. of p-bromophenylthio- 
carbimide (purified by melting on a steam-bath with fused calcium 
chloride and redistillation under reduced pressure) and 30 g. of 
phosphorus pentachloride was heated for 30—40 hours in a sealed 
tube at 170—180°. The product was fractionated under reduced 
pressure and the fraction, b. p. 157—159°/18 mm., was redistilled. 
1-Chloro-5-bromobenzthiazole formed small white crystals, m. p. 
89°, from ether (yield, 0-8 g.) (0-0953 g. gave 0-1280 g. of mixed 
silver halides. C;H,NCIBrS requires 0-1270 g.). 

A mixture of 0-3 g. of 1-chloro-5-bromobenzthiazole and 0-25 g. of 
p-bromoaniline was gently warmed. Recrystallisation of the 
product _ alcohol-ethyl acetate gave needles of slightly impure 

R 
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5 : 4’-dibromo-1-anilinobenzthiazole (m. p. 213°, mixed m. p. 218°), 
from which the pure acetyl derivative (m. p. and mixed m. p,. 
205—206°) was prepared. 

(C) Synthesis of 4'-bromo-l-anilinobenzthiazole from s-phenyl- 
p-bromophenylthiocarbamide and from 1-chlorobenzthiazole and 
p-bromoaniline, and its conversion into the 5 : 4’-dibromo-base. (i) The 
hydrotribromide, m. p. 148° (decomp.) [Found: Br (total), 58-5; 
Br (labile), 30-0. C,,;H,N,BrS,HBr(Br,) requires Br (total), 58-6; 
Br (labile), 29-3%], which crystallised after the solution obtained 
from 1-3 g. of phenyl-p-bromophenylthiocarbamide (in 25 c.c. of 
chloroform) and bromine (2-5 c.c. in 3 c.c. of chloroform) had been 
refluxed for 5 minutes, was reduced in the usual way. The 4’-bromo- 
1-anilinobenzthiazole separated from alcohol-ethy] acetate in feathery 
needles, m. p. 214—215° (Found: Br, 26-5; 8, 10-2. C,,;H,N,BrS 
requires Br, 26-2; S, 10-5%). (ii) The condensation of a mixture of 
0-3 g. of 1-chlorobenzthiazole with 0-3 g. of p-bromoaniline was 
carried out exactly as described under (B) and the product obtained 
after basification and recrystallisation was identified with 4’-bromo- 
l1-anilinobenzthiazole by m. p. and mixed m. p. determination. 

A suspension of 0-5 g. of 4’-bromo-1l-anilinobenzthiazole in 20 c.c. 
of chloroform was treated with 0-9 c.c. of bromine, the bromo. 
addition compound which separated from the resulting solution was 
dissolved in boiling absolute alcohol, and the product obtained by 
concentrating this solution was basified. The 5: 4’-dibromo- 
1-anilinobenzthiazole obtained, after recrystallisation from alcohol- 
ethyl acetate (animal charcoal), had m. p. 217° and mixed m. p. 219° 
(acetyl derivative, m. p. 203°, mixed m. p. 204°). 

A similar experiment to this with 1-5 g. of 1-anilinobenzthiazole 
yielded a hexabromide, m. p. 140° (Found: Br, 68-3. C,3;H,)N,Br,S 
requires Br, 68-0°%), which gave 5 : 4’-dibromo-1-anilinobenzthiazole, 
m. p. 220°, mixed m. p. 221° (Found: Br, 41-5%), on being 
dissolved in boiling absolute alcohol. 

Hugershoff’s dibromoanilinobenzthiazole (Ber., 1903, 36, 3121) was 
still ill-defined after several recrystallisations and usually had m. p. 
195° (on one occasion a specimen, m. p. 200°, was obtained). It 
appears to consist mainly of 5 : 4’-dibromo-1-anilinobenzthiazole, 
since a mixture of the 195° product (Found: Br, 41-0%) with the 
5: 4’-dibromo-base melted at 198—200°. Moreover, the 195° 
product yielded an acetyl derivative which melted at 191°, and at 
199° when mixed with 5 : 4’-dibromo-1-acetanilidobenzthiazole. 

Bromination of 5 : 4'-Dibromo-1-anilinobenzthiazole.—By treatment 
of the dibromo-base (1-4 g.) in chloroform (25 c.c.) with bromine 
(2-5 c.c.), an unstable orange hexabromide was obtained, m. p. 254° 
(Found: Br, 73-6. C,,H,N,Br,S requires Br, 74-1%). From a 
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hot absolute alcoholic solution of this, a slightly impure tetrabromo- 
substitution derivative was obtained which separated from alcohol— 
ethyl acetate in colourless flakes, m. p. 196—198° (Found: Br, 
57-7. C,g3H,N,Br,S8 requires Br, 59-0%). Attempts to purify this 
substance further by recrystallisation were unsuccessful. 

5 : 4’-Dichloro-l-anilinobenzthiazole (Il, R= Cl).—The hydro- 
tribromide separated, during the refluxing of the solution obtained 
from s-di-p-chlorophenylthiocarbamide (1-4 g.), chloroform (18 c.c.), 
and bromine (1-6 c.c.), in orange needles, m. p. 165—167° (decomp. ; 
sintering at 158°) [Found: Br (total), 44-6; Br (labile), 30-0. 
C,3H,N.Cl,S,HBr(Br,) requires Br (total), 44-8; Br (labile), 29-9%]. 
This compound, which is remarkably stable, was also produced in all 
attempts to prepare a hydropentabromide of the dichloroanilino- 
benzthiazole by using a high concentration of bromine. On reduc- 
tion, it yielded 5 : 4’-cichloro-1-anilinobenzthiazole, which separated 
from alcohol-ethyl acetate in silky white plates, m. p. 224° (Found : 
N, 9-6; Cl, 23-8; S, 10-6. C,,;H,N,CI1,S requires N, 9-5; Cl, 24-1; 
§8, 10-85%). The acetyl derivative formed needles, m. p. 186—187° 
(Found: Cl, 21-2. C,;H,,ON,CI,S requires Cl, 21-1%). The 
hydrobromide, prepared as in the case of the 5: 4’-dibromo-compound, 
formed yellowish plates, m. p. 217° (sintering at 212°) (0-1309 g. gave 
01780 g. of silver halides. -C,,H,N,CI,S,HBr requires 0-1771 g.). 

The hydrotribromide was also prepared by saturating a suspension . 
of 0-5 g. of the dichloro-base in 40 c.c. of chloroform with hydrogen 
bromide, adding 5 c.c. of bromine to the solution, and concentrating 
it under reduced pressure at laboratory temperature. It crystallised 
in orange needles, which melted at 165—167° alone and when mixed 
with a specimen of the Hugershoff bromide [0-1278 g. gave 0-2022 g. 
of silver halides. Calc. 0-2027 g. Found: Br (labile), 29-5%]. 

By concentrating the solution obtained from 0-25 g. of the dichloro- 
base and 0-7 c.c. of bromine in chloroform at 15°/30 mm., a hexa- 
bromide was obtained which crystallised in orange prisms, m. p. 
253° (decomp.) (0-1770 g. gave 0-3238 g. of silver halides. 
C,3H,N,C1,Br,S requires 0-3233 g.). 

Synthesis of 4'-Chloro-1-anilinobenzthiazole from s-Phenyl-p-chloro- 
phenylthiocarbamide and from 1-Chlorobenzthiazole.—(i) The bromo- 
addition compound obtained by refluxing a mixture of 1-3 g. of the 
chlorodiphenylthiocarbamide, chloroform (15 c.c.), and bromine 
(1:3 c.c.) for 6 minutes and concentrating the solution at 15°/30 mm. 
crystallised in orange needles, m. p. 130° (decomp.) (0-2238 g. gave 
0-3435 g. of silver halides). 4’-Chloro-1-anilinobenzthiazole separated 
from alcohol-ethyl acetate in silky needles, m. p. 196° (Found: 
Cl, 14:0; §S, 12:5. C,,H,N,CIS requires Cl, 13-6; 8, 12-3%). 
ii) 0-3 G. of 1-chlorobenzthiazole was condensed with p-chloro- 
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aniline as in the previous case. The base obtained had m. p. 199° 
after recrystallisation and melted at 197° when mixed with the 
specimen prepared in (i). 

5 : 4'-Di-iodo-1-anilinobenzthiazole—(A) On refluxing a mixture 
of s-di-p-iodophenylthiocarbamide (1 g.), chloroform (15 c.c.), and 
bromine (1-5 e.c.), a red bromide separated, m. p. 185°. Con. 
centration of the mother-liquor yielded another bromide, which 
crystallised in yellow needles, m. p. 211°. 

On reduction, both bromides yielded 5 : 4’-di-iodo-1-anilino. 
benzthiazole, which crystallised in glistening needles, m. p. 193° 
(decomp.), from alcohol-ethyl acetate (Found: I, 53-0; S, 6-9, 
C,3H,N,1S requires I, 53-1; 8, 6-7%). 

(B) The 5 : 4’-di-iodo-base was also obtained by treating 1-anilino. 
benzthiazole (1-5 g.) in glacial acetic acid (15 c.c.) with iodine mono. 
chloride (1-5 g.), warming the resulting solution, and diluting it with 
water (200 c.c.). The product was identified by m. p. and mixed 
m. p. determination. 

5 : 4’-Difluoro-1-anilinobenzthiazole—The solution obtained by 
refluxing 2 g. of s-di-p-fluorophenylthiocarbamide, 30 c.c. of chloro- 
form, and 3 c.c. of bromine for 20 minutes was concentrated under 
reduced pressure; a hydrotribromide then crystallised in orange 
needles, m. p. 150—152° (decomp.; sintering at 148°) [Found: 
Br (total), 48-0; Br (labile), 32-0. C,,H,N,F,S,HBr(Br,) requires 
Br (total), 47-7; Br (labile), 31:8%]. This compound was also 
prepared from the difluoro-base, hydrogen bromide, and bromine in 
chloroform. 

5 : 4'-Difluoro-l-anilinobenzthiazole crystallises from methyl 
alcohol-ethyl acetate in needles, m. p. 227—228° (Found: §, 12:6. 
C,;H,N,F,S requires 8, 12.2%). It is much more soluble than the 
dichloro-, dibromo-, and dicyano-bases in ordinary solvents. 

5 : 4'-Dinitro-1-anilinobenzthiazole—(A) The red solid obtained by 
refluxing 1 g. of s-di-p-nitrophenylthiocarbamide with bromine 
(1 ¢.c.) and chloroform (12 ¢.c.) was reduced by sulphurous acid. 
The dinitro-base separated from alcohol-ethyl acetate in brilliant 
yellow plates, m. p. 280° (Found: N, 17-5; 8, 10-15. C,,H,0,N,8 
requires N, 17-7; S, 10-1%). 

(B) Nitration of 1-anilinobenzthiazole. 1 G. of the anilino-base 
was treated with 5 c.c. of nitric acid (d 1-5) at laboratory temper- 
ature, a further 5 c.c. of the same acid were then added, and the 
solution was kept at 15° foranhour. On addition of water (300 c.c.), 
the dinitro-base was precipitated ; after recrystallisation it melted at 
280°, alone and when mixed with the specimen already described. 

5 : 4’-Dicyano-1-anitlinobenzthiazole—The bromo-addition com- 
pound obtained from the dicyanodiphenylthiocarbamide (1-6 g.), 
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chloroform (20 c.c.), and bromine (2 c.c.) crystallised during refluxing 
in golden plates, m. p. 159-—-160° (decomp.) (Found: Br, 66-5. 
(,;H,N,Br,8,HBr requires Br, 66-9%). The dicyano-base separated 
from aleohol-ethy! acetate in small needles, m. p. 222° (Found: §, 
l1-2. C,;H,N,S requires 8, 11-6%). On hydrolysis with 25% 
hydrochloric acid for 30—40 hours, it gave 1-anilinobenzthiazole- 
5: 4'-dicarboxylic acid, which was more conveniently prepared from 
s-di-p-carbethoxyphenylthiocarbamide. 

Ethyl 1-Anilinobenzthiazole-5 : 4'-dicarboxylate——The solution 
obtained by refluxing 1-1 g. of s-di-p-carbethoxyphenylthiocarb- 
amide, chloroform (18 c.c.), and bromine (1-5 c.c.) for 40 minutes was 
concentrated under reduced pressure at laboratory temperature ; 
a hydropentabromide then separated in small orange crystals, m. p. 
110° (decomp.; softening at 97°) [Found: Br (total), 52-6; Br 
labile), 44:0. C,H,,0,N,S,HBr(Br,) requires Br (total), 51-9; 
Br (labile), 41-5°%]. On reduction, ethyl 1-anilinobenzthiazole- 
5:4'-dicarboxylate was obtained which, after two recrystallisations 
from alcohol—-ethyl acetate, formed small white plates, m. p. 190— 
192° (Found: §S, 8-8. C,,H,,0,N,S requires 8, 8-65%). The 
analysis of this compound for nitrogen by Dumas’s method gave 
consistently high results due to the formation of methane and we 
therefore analysed the acid. Hydrolysis. The ethyl ester (0-5 g.) 
was hydrolysed by refluxing it with 50 c.c. of 25% hydrochloric acid 
for 30—40 minutes. 1-Anilinobenzthiazole-5 : 4’-dicarboxylic acid 
formed small white plates from alcohol, which were unmelted at 290° 
(Found: N, 9-0; 8, 10-1. C,;H,,O,N,S requires N, 8-9; S, 
10-2%). 

Bromination of s-Di-p-anisylthiocarbamide.—A suspension of 1-3 g. 
of the dianisylthiocarbamide in chloroform (10 c.c.) was treated with 
bromine (1-5 ¢.c.), and the mixture refluxed for 10 minutes. On 
cooling, brick-red crystals of a bromide separated, m. p. 137° 
(lecomp.) (Found: Br, 62-2%), which yielded a dibromo-5 : 4’-di- 
methoxy-1-anilinobenzthiazole, m. p. 240°, on reduction (Found : 
Br, 35-9; S, 7°15. C,;H,.0.N.Br.S requires Br, 36-0; 8, 7-2%). 

Bromination of Acetyldiphenylthiocarbamide and of 1-Acetanilido- 
benzthiazole.—(i) The hydrotribromide prepared from 1-2 g. of acetyl- 
diphenylthiocarbamide and bromine (2 c.c.) in chloroform (30 c.c.) 
crystallised in orange needles, m. p. 167° (decomp.) [Found : Br 
total), 47-5; Br (labile), 31-0. Cale. for C,;H,,ON,S,HBr(Br,) : 
Br (total), 47-2; Br (labile), 31-4%]. (ii) The hydrotribromide 
prepared from 1 g. of 1-acetanilidobenzthiazole, 30 c.c. of chloroform, 
excess of dry hydrogen bromide, and bromine (2-5 c.c.) had the same 
‘ppearance as the above and melted at 166°, and at 167° when mixed 
vith Hugershoff’s compound {Found : Br (total), 47-5; Br (labile), 
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32:0%]. (iii) Concentration under reduced pressure of the solution 
obtained from 1 g. of acetanilidobenzthiazole, 20 c.c. of chloroform 
and 2 c.c. of bromine yielded a hexabromo-addition compound, which 
crystallised in orange needles, m. p. 163° (decomp.) (Found: Br, 
63-8. C,;H,.ON,Br,S requires Br, 64-2%). 


In conclusion, the authors wish to express their thanks to Professor 
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Trustees of the Ramsay Memorial Fellowship Trust for the award of 
a Fellowship to one of them (R. F.H.), and to the Trustees of the 
Dixon Fund of the University of London for grants which have 
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LXVI.—The Quinoxaline Synthesis: Some Derivatives 
of 2:3-Dimethylquinoxaline. 
By StanLeEyY THomas HENDERSON. 
THE synthesis of 2:3-dimethylquinoxaline from diacetylmonoxime 
and o-phenylenediamine (Gabriel and Sonn, Ber., 1907, 40, 4850) 


involves the formation of an intermediate substance, apparently not 
hitherto recognised as such. The reactions occurring are : 


C,H, (NH,),-+ COMe-CMe:NOH=C,H, Nea {NH OH+H,0 (i) 
Dimethylquinoxaline (I.) 
NH,-OH -+ COMe-CMe:NOH = HON:CMe-CMe!NOH +-H,0 . (ii) 


‘ . —CMe 

I) + “CMe-CMe:NOH —= C,H ¢ 

Pit BOR ee é ‘<yH:GMe .. Gill 
- O-NiCMe-CMeINOH 

The intermediate (IT.) 


The dimethylquinoxaline derivative (II) of dimethylglyoxime is a 
definite compound which has also been prepared from the constituent 
base and dioxime; no such combination occurs, however, between 
dimethylglyoxime and quinoxaline itself, nor will o-phenylenedi- 
amine condense with the dioxime. 

By the action of strong acid or alkali on (II) the base (I) is 
liberated, as in the normal preparative method (loc. cit.). In this 
method, however, the reactants are used in equimolecular propor- 
tion, and the maximum yield of (I) is about 70° on account of loss 
of diacetylmonoxime by reaction (ii) occurring simultaneously with 
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(i). The mother-liquor from the preparation, after removal of (I) 
by steam distillation in excess of alkali, consequently contains 
unattacked diamine which will react with more monoxime. It is 
evident that complete utilisation of the diamine can only be attained 
by adding 2 mols. of monoxime per mol. of diamine. Actually a 
90°% yield was thus obtained. 

From 2: 3-dimethylnaphthaquinoxaline a similar compound is 
formed, having two molecules of the base combined with one molecule 
of dimethylglyoxime. 

Bromination of dimethylquinoxaline or of (IT) in alcoholic solution 
gives 5: 6: 7 : 8-tetrabromo-2 : 3-dimethylquinoxaline, which has very 
feebly basic properties and considerable stability. 


EXPERIMENTAL. 


The Intermediate (I1).—o-Phenylenediamine (1 mol.) in warm 
aqueous solution containing acetic acid (2 mols.) was treated slowly 
with a warm aqueous solution of diacetylmonoxime (1 mol.), 
whereby a mass of orange needle-shaped crystals was soon pro- 
duced. This intermediate substance (II) was separated from the 
deep brown liquid and recrystallised from alcohol: more was 
obtained by further addition of the monoxime (1 mol.) to the mother- 
liquor. 

Steam distillation of the original acid liquid with (II) in suspension 
slowly produced (I), but after addition of excess of alkali tothereaction 
liquid the base could be rapidly removed by this means or by extrac- 
tion with ether. Acidification after removal of the base precipitated 
dimethylglyoxime. 

The substance (II), on repeated crystallisation, formed lemon- 
yellow flakes, m. p. 182°. It also melted at 182° when mixed with 
the colourless product formed from dimethylglyoxime and dimethyl- 
quinoxaline in alcoholic solution. The ‘salts’ prepared by the 
two different methods were of identical microscopic appearance. 
The temperature 182° was quite definite, but was only the initial 
m, p., the substance becoming completely liquid at about 215°. 
The initial m. p. was unaltered when the substance was mixed with 
dimethylglyoxime (m. p. 245°), but dimethylquinoxaline (m. p. 104°) 
lowered it to 103°: (II) evidently dissociates on heating (Found : 
C, 61-5, 61-6; H, 6-6, 6-7; N, 20-2, 20-4; M, by Rast’s camphor 
method, 151. C,,H,,0,N, requires C, 61:3; H, 6-6; N, 20-4%; 
M, 274). 

The substance (II) is insoluble in ether, ligroin, benzene, and 
chloroform and only slightly soluble in water. It is converted by 
the action of concentrated hydrochloric acid into diacetyl and a salt 
of dimethylquinoxaline, and by alkali into the base itself. In 
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alcoholic solution it shows as sensitive a colour reaction as dimethyl. 
glyoxime with nickel salts. A solution of (II) was used to estimate 
nickel by the usual procedure : the weights of precipitate obtained 
in two experiments were 0-1822 and 0-1832 g. Dimethylglyoxime 
gave 0-1809 and 0-1810 g. from the same quantity of nickel solution. 

2 : 3-Dimethylnaphthaquinoxaline.—Equal weights (3 g.) of 1:2. 
naphthylenediamine and diacetylmonoxime, mixed in warm aqueous. 
alcoholic solution, produced an oil which soon crystallised in orange 
needles. Recrystallised from alcohol, these became lighter in colour, 
Melting began at 123° and was complete at about 200°. The nickel 
reaction was observed as above (Found: C, 72-0; H, 6-0; N, 15-6. 
CygHgg0.N, requires C, 72-1; H, 6-1; N, 158%). The base, liber. 
ated by alkali, extracted with ether, and recrystallised from dilute 
alcohol, was pale yellow and melted at 101—102°. It combined with 
dimethylglyoxime to give the same intermediate “salt,” initial 
m. p. 122°. 

5:6:7 : 8-Tetrabromo-2 : 3-dimethylquinoxaline. — Dimethylquin. 
oxaline (or the intermediate IT), brominated in alcoholic solution on 
a water-bath with excess of bromine, gave a crystalline mass. After 
being washed with alcohol and water and recrystallised from absolute 
alcohol, glacial acetic acid, or benzene, the pale pink or colourless 
substance melted at 234° (decomp.). It was insoluble in water or 
ether, dissolved in concentrated sulphuric or nitric acid, and was 
reprecipitated unchanged on dilution several hours later. It was not 
appreciably attacked by boiling chromic and glacial acetic acids or 
by alkaline permanganate. Bromine was not removed by aqueous 
alkali or boiling alcoholic silver nitrate, but a mixture of chromic 
and sulphuric acids acted violently on the substance, bromine being 
evolved (Found: C, 25-5; H, 1:3; Br, 67-6. C,gH,N,Br, requires 
C, 25:3; H, 1-3; Br, 67-5%). 

Bromination of dimethylquinoxaline in chloroform solution gave 
the above substance, but the chief product was another faintly 
coloured substance, m. p. 150° after four recrystallisations from 
dilute alcohol. The bromine in this substance was partly removed 
by hot aqueous alkali (Found: Br, 51-6. C,H,N,Br, requires 
Br, 506%). 


The author is greatly indebted to Dr. W. H. Mills, F.R.S., for 
constant help and advice during the work of which the above is a 
part. 


NorTHWICH, CHESHIRE. [Received, January 15th, 1929.] 
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LX VII.—The Influence of Substituents on the Reimer- 
Tiemann Reaction. 
By HERBERT Henry Hopason and THomMAS ALFRED JENKINSON. 


In the usual recipes for the production of hydroxybenzaldehydes 
fom phenol, the ratio of o- to p-hydroxybenzaldehyde actually 
islable is given as 4—5:1, but since the authors’ experience with 
n-halogenophenols (J., 1927, 1740, 3041) was that this ratio was 
nearer unity, it appeared of interest to widen the scope of the 
inquiry. Accordingly, a standardised reaction has been conducted 
with a number of phenols, the resulting aldehydes being estimated by 
two methods depending upon isolation of their p-nitrophenyl- 
hydrazones (compare Hodgson and Beard, J. Soc. Chem. Ind., 
1926, 45, 56r). The results were as follows : 


Ortho/para ratio. 





Initial Method Method 
(a), (6). 
0-6 
0-48 
0-46 


Ortho/para ratio. 
seed 





Initial Method Method 

phenol. (a). (d). 
m-Chlorophenol 0-79 0-71 
m-Bromophenol 0-94 0-72 
m-lIodophenol ... 0-94 0-78 


= o-Chlorophenol , 1-6 


Although these ratios can only be regarded as approximate, 
consideration of those given by method (b), which are regarded as 
the more accurate, leads to the following conclusions : 

(1) Under Reimer-Tiemann conditions, the para-position in 
phenol itself is found to be more reactive than the ortho (o/p = 0-6). 
Since activity is due to the charged phenoxide ion, the observed 
result appears to be in accordance with current electronic theory, 
alternating (tautomeric) effects reaching the para- more easily than 
the ortho-positions (Ingold, Ann. Reports, 1926, 23, 141). 

(2) The influence of chlorine in the 5-position may be explained 

| from two points of view : (i) If it exerted its usual p>o directing 
effect, superposed on the p>o directing effect of the phenoxide ion, 
the o/p ratio (0-71) would tend towards unity. (ii) If it exerted its 
combined general (direct) and inductive effects (see Allan, Oxford, 
Robinson, and Smith, J., 1926, 401; Baker and Ingold, J., 1927, 
832; Cooper and Ingold, ibid., p. 836) [see (I)], the 4-position would be 
deactivated more than the 2-position, with the resultant increase of 
the o/p ratio (0-6 to 0-71). 

(3) That the second view is probably the more correct would 
appear to follow from the results with m-cresol (II), where the o/p 
tatio (0-46) has been still further diminished (from 0-6) by the direct 
and inductive effects (loc. cit.) of the methyl group. 

(4) The unusual reactivity of the 2- compared with the 4-position 
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in 6-chlorophenol (o/p = 1-6) appears to be best explained on the 
assumption that the positive field (general effect) of the chlorine 


2 
J™ 


16 
a< 7 CH» 
~eayQ Dy 

(T.) (IT.) (ITT.) 
atom attracts the negative field of the oxygen atom sufficiently to 
relieve the 2-position of a considerable amount of the steric hindrance 
due to the oxygen atom (III), whilst with o-cresol (IV) the exact 
opposite occurs, 7.¢., the repulsion produced on the oxygen field by 
the negative methyl group field increases the steric hindrance effect 
on 2-position (o/p = 0-48). This view would appear to be supported 
by the established abnormal behaviour of o-chlorophenol in other 
respects (compare Sidgwick and Turner, J., 1922, 121, 2260). 

(5) The results with m-bromo- and m-iodo-phenol agree, even 

though slightly, with the accepted deactivation order Cl>Br>I. 


ExPERIMENTAL. 


Method.—The particular phenol (0-05 mol.) was dissolved in a 
solution of sodium hydroxide (10 g.) in water (40 c.c.) and treated 
with chloroform (20 g.) at one addition, the mixture being gently 
refluxed for 2 hours. The reaction product was worked up in two 


ways : 

(a) After addition of hydrochloric acid until just acid, the u- 
changed phenol, chloroform, and o-hydroxy-aldehyde were removed 
by steam distillation, 600—900 c.c. of distillate being necessary 
according to the phenol used. The oil was separated, dissolved in 
glacial acetic acid, and treated at 70° with an excess of p-nitrophenyl- 
hydrazine hydrochloride in the same ‘solvent, this mixture being 
subsequently added to the aqueous portion of the distillate. The 
resulting p-nitrophenylhydrazone was dried at 80—90° and weighed. 
After removal of excess of p-nitrophenylhydrazine by means of 
acetone, the unused phenol was estimated by precipitation as bromo- 
compound. The liquor containing the non-volatile p-hydroxy- 
aldehyde was filtered, the tar extracted six times with boiling water 
(50 c.c.), and the combined liquor treated with excess of an aqueous 
solution of p-nitrophenylhydrazine hydrochloride, the hydrazine 
being estimated as above. 

(6) The entire reaction mixture was dissolved in glacial acetic acid, 
a little water being added subsequently to keep sodium acetate in 
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solution. The filtered solution was then divided into two equal 
portions, one of which was steam distilled and estimated as under (a), 
the other having its total aldehyde content determined as a mixture 
of p-nitrophenylhydrazones. The data given above represent the 
mean values of six determinations for each phenol. In all cases 
examined, the unchanged phenol was approximately half the amount 
initially taken, only small quantities of resinous matter and con- 
densation products being formed, which do not appreciably affect 
the o/p ratio. Variations up to 5 hours in the time of conducting 
the Reimer—Tiemann reaction had a negligible effect on the yields of 
substituted aldehydes and on their ratio, but acidification of the 
alkaline reaction product by mineral acid appeared to reduce the 
measurable yield of p-hydroxyaldehyde in all cases investigated. The 
actual loss of p-hydroxybenzaldehyde in practice would appear to be 
consequent on the method of isolation adopted. 


The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 
TECHNICAL COLLEGE, HUDDERSFIELD. [Received, December 13th, 1928.] 





LXVIII.—Diphenylaminearsinic Acids. Part I. 
Derivatives of Diphenylamine-4-arsinic Acid. 
By Harry JAMES BARBER. 


INVESTIGATIONS of the relation between trypanocidal action and 
chemical constitution have resulted in an exhaustive study of the 
effects of substitution in a single aromatic nucleus containing an 
arsenic group, and to a less extent in arsenic derivatives containing 
more than one aromatic nucleus. 

Derivatives in which other substituted aromatic nuclei are attached 
to that containing the arsenic group by linkages of the types -CO-NH- 
and -NH-CO-NH-: are numerous, but those involving a closer union, 
such as diphenylamine, have not been extensively studied. 

The reactivity of the various chloronitrophenylarsinic acids in 
which the chlorine is in the ortho- or the para-position with respect to 
the nitro-group suggested the use of these for the preparation of 
considerable quantities of certain types of diphenylamines. Since 
this paper is restricted to the consideration of diphenylamine- 
4-arsinic acids, only the reactions of 4-chloro-3-nitrophenylarsinic 
acids will be discussed here, but the reactions of the other chloro- 
nitrophenylarsinic acids mentioned are being investigated. 

The reactivity of the chlorine atom is shown by its replacement by 
NH,, NHMe, NMe,, and NH-CH,°CO,H groups when the arsinic acid 
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is heated in aqueous media with the corresponding amine (D.-R.P, 
285,604, 412,171, 446,545). It also reacts with piperidine (King, J., 
1927, 1053) and with ethylenediamine and piperazine (Fourneau and 
Funke, Bull. Soc. chim., 1928, 43, 889). 

It was found that 4-chloro-3-nitrophenylarsinic acid reacted very 
readily with most aromatic amines when an aqueous solution of its 
sodium salt was warmed with a suspension or solution of the amine 
at 95° for several hours. The products obtained by using aniline, 
4-aminophenol, 4-aminoacetanilide, 4-amino-2-acetamidophenol, or 
anthranilic acid are described here, but o-chloroaniline, o-toluidine. 
and sulphanilic acid have also been found to condense; the nitro. 
anilines are apparently not sufficiently basic to react under the 
conditions employed. 

AsO(OH), AsO(OH), [R= C,H, C,H,OH, 

s gH, NHAc, 
ot PM LO, O,H,(OH)-NHAc, or 


Cl HR CgH,CO,H. ] 


The 2-nitrodiphenylamine-4-arsinic acids thus obtained were 
reduced to the corresponding amino-compounds, and certain 
derivatives were also prepared. The biological results, for which I 
am indebted to Mr. J. G. Everett, B.Sc., A.I.C., of this laboratory, 


are summarised in the following table. 

The tolerated dose (7') was determined by intravenous injection in 
normal mice, and the curative dose (C) on mice infected with 
Trypanosoma equiperdum; both are expressed as mg./g. of mouse. 
The period of observation was 7 days. For comparison, 3-amino- 
4-piperidinophenylarsinic acid (King, loc. cit.), 3-amino-4-piper- 
azinophenylarsinic acid (Fourneau and Funke, loc. cit.), and 3 : 4-di- 
aminophenylarsinic acid are included. 


Arsinic acids. 
3 : 4-Diaminophenylarsinic acid 
3-Amino-4-piperidinophenylarsinic acid 
3-Amino-4-piperazinophenylarsinic acid 
2-Aminodiphenylamine-4-arsinic acid 
2-Acetamidodiphenylamine-4-arsinic acid 
2-isoPropylideneaminodiphenylamine-4-arsinic 
acid (or N-phenyl-2 : 2-dimethyl-2 : 3-dihydro- 
éinadindicagele} 
2 : 4’-Diaminodiphenylamine-4-arsinic acid 
2-Amino-4’-acetamidodiphenylamine-4-arsinic acid 
2 : 4’-Diacetamidodiphenylamine-4-arsinic acid ... 
2-Amino-4’-hydroxydiphenylamine-4-arsinic acid 
2-Amino-3’-acetamido-4’-hydroxydiphenylamine- 
4-arsinic acid 
Arsenobenzenes (administered orally). 
3: 3’-Diamino-4 : 4’-dianilinoarsenobenzene 
3: 3’-Diamino-4 : 4’-di-p-acetamidoanilinoarseno- 
benzene 
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In this series of compounds the introduction of an unsubstituted 
phenyl group in the 4-amino-group of 3 : 4-diaminophenylarsinic 
acid results in a very marked increase in toxicity, despite the lower 
arsenic content, and somewhat greater trypanocidal effect; this 
unexpected and interesting discovery is being further investigated. 
Substitution in the non-arsenated phenyl nucleus results in modific- 
ation of the toxicity and curative action, which follows, in general, 
that of similar substitution in phenylarsinic acid. As is usual, the 
introduction of an acetyl group in the amino-group results in a 
decrease of both toxicity and curative action. 


EXPERIMENTAL. 
4-Chloro-3-nitrophenylarsinic acid (D.-R.P. 245,536) is prepared 
by nitration of 4-chlorophenylarsinic acid, obtained by a modific- 
ation of the Bart reaction from p-chloroaniline, but as precise 
details of the nitration are not given, the preparation is described 
here. 

To 4-chlorophenylarsinic acid (24 g.) dissolved in concentrated 
sulphuric acid (70 c.c.), nitric acid (d 1-52; 7-5 ¢.c.) was added 
without cooling. The mixture was heated on a water-bath for 
| hour and poured on ice, and the arsinic acid separated; yield, 
4 g. (85%). Nitration does not occur at 0°, and despite the 
statement (D.-R.P. 285,604) that 4-chloro-3 : 5-dinitrophenylarsinic 
acid is prepared by “ energetic nitration,’ no trace of this has been 
obtained even under the most drastic conditions. The acid crystal- 
lises from hot water in diamond plates (Found: As, 27-0. Calc. for 
(,H,O,NClAs: As, 26-7%); the calcium salt crystallises in needles 
and the barium salt in plates. 

2-Nitrodiphenylamine-4-arsinic Acid.—The foregoing acid (28 g.), 
dissolved in 2N-caustic soda (50 c.c.) and water (150 c.c.), was heated 
for 16—20 hours on a steam-bath with aniline (10 g.; 5°% excess of 
2mols.). Part of the required acid crystallised, and the remainder 
was obtained by acidification (Congo red) with hydrochloric acid. 
The yield was almost quantitative but the crude material was 
contaminated by aniline. The crude acid was converted into the 
sodium salt in concentrated aqueous solution ; this was salted out with 
sodium chloride and dissolved in a large volume of water, the solution 
was heated to boiling in the presence of charcoal and filtered, and 
the acid precipitated hot with hydrochloric acid. It separated in 
fine yellow needles (Found : As, 21-9, 22-0; N, 8-5. C,.H,,0;N,As 
requires As, 22:2; N, 8-3), sparingly soluble in boiling water, 
most insoluble in cold. It is somewhat more soluble in dilute and 
radily soluble in hot glacial acetic acid. 

2-Aminodiphenylamine-4-arsinic Acid.—The 2-nitro-acid was re- 
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duced with ferrous hydroxide at 80—90° by the method of Jacobs, 
Heidelberger, and Rolf (J. Amer. Chem. Soc., 1918, 40, 1581). The 
crude amino-acid (80% yield) crystallised with a purple colour, which 
could only be removed by dissolving the acid in sodium hydroxide 
solution, adding a trace of sodium hydrosulphite, boiling the solution 
with charcoal, filtering it, and acidifying it with acetic acid. The 
pure acid crystallises from hot water in white rectangular plates 
(Found: As, 24-6; N, 9-4. C,,H,,0,N,As requires As, 243: 
N, 9-1%), which rapidly turn blue on exposure to air; m. p. 170— 
175° with preliminary darkening. 

The monohydrochloride forms long slender needles from 2N-hydro- 
chloric acid which are readily hydrolysed by water and slowly lose 
hydrogen chloride in air (Found: As, 22-6 ; Cl, 9-0. C,,H,,0,N,As,HCl 
requires As, 21-8; Cl, 10-3%). 

On attempting to recrystallise the base from hot acetone, a 
condensation product was obtained containing acetone, not driven 
off at 100° but readily lost on warming with dilute acid or alkali; this 
was either 2-isopropylideneaminodiphenylamine-4-arsinic acid or 
N-phenyl-2 : 2-dimethyl-2 : 3-dihydrobenziminazole (Found: As, 
21-5, 21:7; N, 7-5, 7-6; COMeg, 14-3, 14-6. C,,;H,,0O,N,As requires 
As, 21:5; N, 8-05; COMe,, 16-2%). Treatment of the base with 
nitrous acid gives quantitatively N-phenylbenztriazole-5-arsinic acid 
(Found: As, 23-4; N, 12-7. C,,H,0,N,As requires As, 23:5; N, 
13-15%). 

2-Acetamidodiphenylamine-4-arsinic acid, obtained by acetylation 
of the amino-derivative in alkaline solution with acetic anhydride, 
crystallises from alcohol in small diamond-shaped plates (Found: 
As, 21-8; N, 7-85. C,,H,,;0,N.As requires As, 21-5; N,8-0%). On 
being boiled (5 g.) with 2N-hydrochloric acid (50 c.c.), it gives 
N-phenyl-2-methylbenziminazole-5(6)-arsinic acid (compare J. pr. 
Chem., 1904, 69,40) (Found : As, 22-6. C,,H,,0,N,As requires As, 
22-6%). 

2-Nitro-4'-hydroxydiphenylamine-4-arsinic acid, prepared by the 
condensation of 4-chloro-3-nitrophenylarsinic acid with p-amino- 
phenol exactly as described for aniline (above), crystallises from 
alcohol in reddish-brown needles (Found: As, 20:5; N, 83. 
C,.H,,0,N.As requires As, 21:2; N, 7-9%). 

2-Amino-4'-hydroxydiphenylamine-4-arsinic acid, obtained by 
reduction with ferrous hydroxide in the usual way, crystallises from 
very dilute acetic acid in grey flat needles, which are very susceptible 
to atmospheric oxidation (Found: As, 22-9; N, 8:4. C,,H,,0,N,As 
requires As, 23-1; N, 8-65%). 4’-Hydroxy-1-phenyl-1 : 2 : 3-benz- 
triazole-5-arsinic acid crystallises in colourless needles (Found : As, 
22-5; N, 12-4. C©,,H,,0,N,As requires As, 22-4; N, 12-5%). 
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2-Nitro-4'-acetamidodiphenylamine-4-arsinic acid, from p-amino- 
acetanilide and 4-chloro-3-nitrophenylarsinic acid, crystallises in 
faintly red needles (Found: As, 18-75. C,,H,,0,N,As requires As, 
190%). 

2 heniansttiimntabdbatea teint cosleti acid forms irregular 
flat needles (Found : As, 20-7. C,,H,,0,N,As requires As, 20-5%). 
Acetylation gives 2: 4’-diacetamidodiphenylamine-4-arsinic acid 
(Found: As, 18-6. C,,H,,0;N,As requires As, 18-4%), which 
crystallises in fine colourless needles from dilute acetic acid. 

2: 4’-Diaminodiphenylamine-4-arsinic acid, prepared by boiling 
the 4’-acetyl compound (5 g.) with 2N-sulphuric acid (50 c.c.) for 

3 hours, forms long slender prisms (Found : As, 23-6. C,,H,,0,N,As 
requires As, 23-2%). 

2-Nitro-3'-acetamido-4' -hydroxydiphenylamine-4-arsinic acid forms 
fine yellow needles from hot water (Found : As, 18-7. C,,H,,0,N,As 
requires As, 18-7%). 

2-Amino-3' -acetamido -4' -hydroxydiphenylamine-4-arsinic acid 
crystallises in fine colourless needles from 50% acetic acid (Found : 
As, 19°9. C,,H,,0;N,As requires As, 20-2%). 

2'-Carboxy-2-nitrodiphenylamine-4-arsinic acid forms yellow needles 
from hot 50% acetic acid (Found: As, 20-1. C,,H,,0,N,As 
requires As, 19-6%). 

Nitration of 2-Acetamidodiphenylamine-4-arsinic Acid.—Owing to 
the failure to condense o- and p-nitroanilines with 4-chloro-3-nitro- 
phenylarsinic acid, the direct nitration of 2-acetamidodiphenylamine- 
4-arsinic acid was carried out in the hope of obtaining the 2’- or 
4'-nitro-derivative, which on reduction would give 2’- or 4’-amino- 
2-acetamidodiphenylamine-4-arsinic acid isomeric with the 2-amino- 
4'-acetamido-compound described above, but it was not possible to 
obtain a mononitro-derivative, for dinitration occurred even at 
—10° with only 1 mol. of nitric acid or potassium nitrate. 

2’ : 4'( ?)-Dinitro-2-acetamidodiphenylamine-4-arsinic acid crystal- 
lises from 50°, acetic acid in clusters of fine yellow needles (Found : 
As, 16-9, 17-2; N, 12-5. C,,4H,,0,N,As requires As, 17-0; N, 
127%). A satisfactory method of orienting this product has not 

et been found. 

The two arseno-compounds mentioned in the table (p. 472) were 
prepared from the arsinic acids by reduction with sodium hydro- 
ulphite in the usual way. They are both yellow amorphous 
wwders, which oxidise rapidly in air and are soluble in excess 
i hydrochloric acid: 3 : 3’-diamino-4 : 4’-dianilinoarsenobenzene 

ound: As, 28:2. C,,H,.N,As, requires As, 29-1%); 3: 3’-di- 

mino-4 : 4’-di-p-acetamidoanilinoarsenobenzene (Found: As, 23:8. 

sH,,0,.N,As, requires As, 23-8%). 
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In conclusion, I wish to record my thanks to Dr. A. J. Ewins fy 
his kindly criticism of this paper, and to Mr. R. H. Klein, F.1.C., for 
the analytical results. 


ResEARCH LABORATORIES, Messrs. May & BAKER, LTD., 
Wanvpsworth, S.W. 18. [Received, December 29th, 1928] 





LX1X.—The Nitration of m-Acetamido-tert.- 
butylbenzene. 
By JouN BaLDWwIN SHOESMITH and ALEXANDER MACKIE. 


GELZER (Ber., 1888, 21, 2949) was the first to nitrate m-acetamido. 
tert.-butylbenzene and claimed to have isolated 2-nitro-3-acetamido. 
tert.-butylbenzene as the sole reaction product. The constitution 
of this compound was determined as follows. On hydrolysis it 
yielded the corresponding nitroamine, which when reduced gave a 
diamino-tert.-butylbenzene of m. p. 109°, and this readily condensed 
with phenanthraquinone to give a phenanthra-ters.-butylphenazine 
(compound A), m. p. 144°. Ina parallel series of experiments with 
p-acetamido-tert.-butylbenzene, the phenazine obtained, m. p. 
146-5°, was considered by Gelzer to be different from compound 4, 
and since the nitration of p-acetamido-tert.-butylbenzene was known 
to give 3-nitro-4-acetamido-tert.-butylbenzene the composition 
the nitration product from m-acetamido-tert.-butylbenzene was as 
stated above. 

In view of the difficulty with which the position ortho to the teri. 
butyl group in tert.-butylbenzene is attacked (J., 1928, 2334) Gelzer’s 
observation appeared remarkable, since it requires direct attack of : 
position which is ortho to both substituent groups in m-acetamido- 
tert.-butylbenzene. The nitration of m-acetamido-tert.-buty!: 
benzene has now been repeated, the nitroamine obtained bj 
hydrolysis of the reaction product reduced, and the diamine con 
densed with phenanthraquinone. The resulting phenazine has been 
found to have m. p. 148-5—149° and to be identical in all respects 
with that obtained from 3 : 4-diamino-tert.-butylbenzene prepare 
from 3-nitro-4-amino-tert.-butylbenzene. This result proves thal 
the nitration of m-acetamido-tert.-butylbenzene takes place 4 
expected in position 4, and it is interesting to note the differenct 
between this nitration and that of aceto-m-toluidide, which i 
nitrated predominantly in the 6-position. The reluctance of thé 
group to enter the ortho-position to a éert.-butyl group in ler. 
butylbenzene is again apparent. 
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EXPERIMENTAL. 

The compounds described in Gelzer’s paper as derivatives of iso- 
butylbenzene are in reality derived from tert.-butylbenzene. 

4-Nitro-3-amino-tert.- butylbenzene.—m - Acetamido -tert. - butyl - 
benzene (Shoesmith and Mackie, loc. cit., p. 2338) was added to 
vigorously agitated nitric acid (d 1-46) at 25—30° during 15 minutes ; 
the mixture was then poured into a large excess of ice-water. The 
nitro-compound crystallised from alcohol in pale yellow needles, 
m. p. 116° (Gelzer, loc, cit., gives m. p. 105-5°) (Found: N, 12-1. 
Cale.: N, 11-99%); yield, 41%. When hydrolysed with alcoholic 
potassium hydroxide, it gave 4-nitro-3-amino-tert.-butylbenzene, 
which crystallised from alcohol in yellow leaflets, m. p. 91—92° 
(Gelzer gives 124°) (Found: N, 14-1. Cale.: N, 144%); yield, 81%. 

Phenanthra-tert.-butylphenazine.—The above nitroamine (3 g.) 
was dissolved in warm concentrated hydrochloric acid, the calculated 
quantity of stannous chloride added, and the whole vigorously 
agitated. The resulting solution was cooled, freed from tin by the 
addition of zinc, and decanted from the metal, and a large excess 
of concentrated aqueous sodium hydroxide added. The liberated 
diamine, isolated by means of ether, was obtained as a light brown 
solid which crystallised from water in micaceous colourless leaflets, 
rapidly darkening in the air and of m. p. 97—98°. The diamine 
in alcoholic solution, when added to the calculated quantity of 
phenanthraquinone in glacial acetic acid, gave the phenazine as a 
mass of pale yellow, interlaced needles; these recrystallised from 
aqueous alcohol in very small, yellow needles, m. p. 148-5—149° 
(Gelzer gives 144°). It was more satisfactory to proceed to the 
phenazine in this way than to attempt to purify the diamine com- 
pletely, as there was present a very small quantity of impurity which 
was removable with great difficulty from the diamine, whereas 
there was no difficulty in purifying the phenazine. 

In order to characterise this compound, 3-nitro-4-amino-tert.- 
butylbenzene, prepared by the nitration of p-acetamido-tert.-butyl- 
benzene and subsequent hydrolysis, was reduced to the diamine, 
which was condensed with phenanthraquinone as before. The 
phenazine obtained had m. p. 148-5—149-5° (Gelzer gives 146-5°) 
and was identical in all respects with that obtained from the nitrated 
m-acetamido-tert.-butylbenzene; a mixture of the two compounds 
melted at 148—149°. 


The authors wish to state that the investigation was completed 
during the tenure of a teaching fellowship awarded to one of them 
J. B. 8.) by the Carnegie Trustees. 


‘EprypurcH UNTVERSITY. [Received, January 23rd, 1929.] 
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LXX.—The Action of Semicarbazide Hydrochloride 
and of 2:4-Dinitrophenylhydrazine Hydrochloride 
on Aldoximes and their Derivatives. 


By Oscar L. Brapy and Frank HERBERT PEAKIN. 
KNO6PFER (Monatsh., 1910, 31, 87) showed that the reaction 
R-CH:N-NHPh + H,N-NH-CO-NH,,HCl —= 

R-CH:N-NH-CO-NH, + NHPh-NH,,H( 
was a balanced one and that by using an excess of semicarbazide 
hydrochloride it was possible to convert phenylhydrazones into seni- 
carbazones, and vice versa. 

When an aldoxime in solution is treated at room temperature with 
a solution of an equivalent amount of semicarbazide hydrochloride, 
it is slowly converted into the semicarbazone : this, being much less 
soluble than the oxime, crystallises and the conversion is almost 
complete. It was thought possible that this replacement might lead 
to the production of stereoisomeric semicarbazones when stereo. 
isomeric oximes were employed, but both the «- and the 8-forms of 
p-methoxy-, m-nitro-, and p-nitro-benzaldoximes gave the same 
semicarbazones : search was made for small quantities of isomeric 
compounds, but without success. No reaction occurred when 
aldoximes were treated with a solution of semicarbazide itself. 
Apparently, therefore, the formation of the semicarbazone is preceded 
by hydrolysis of the oxime to the aldehyde; if this is so, the pro- 
duction of stereoisomeric semicarbazones would not be expected. 
As would be anticipated from their greater ease of hydrolysis, the 
N-methy! derivatives of the above oximes reacted more rapidly than 
the oximes with semicarbazide hydrochloride, giving the semi- 
carbazones. O-Methylbenzaldoxime was only slowly transformed 
into the semicarbazone. 

The following experiment typifies the method employed. A 
solution of «-m-nitrobenzaldoxime (1-6 g.) in alcohol (5 c.c.) was 
treated at room temperature with a solution of semicarbazide 
hydrochloride (1-1 g.) in water (2 ¢.c.). A precipitate appeared 
after 30 minutes, 0-7 g. of semicarbazone had separated after 12 
hours, and a further 0-15 g. after 2 days. Both products were 
identical with m-nitrobenzaldehydesemicarbazone, m. p. (rapidly 
heated) 244°, prepared from the aldehyde. The addition of water 
to the mother-liquor precipitated more semicarbazone of the same 
melting point. 

A solution of 2: 4-dinitrophenylhydrazine hydrochloride in 
2N-hydrochlorie acid (Brady and Elsmie, Analyst, 1926, 77) reacts 
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somewhat readily at room temperature with aldoximes and their 
derivatives, giving practically quantitative yields of the crystalline 
?:4-dinitrophenylhydrazones of the corresponding aldehydes. 
Owing to the sparing solubility and non-volatility of these com- 
pounds the reaction provides a method for the quantitative deter- 
mination of small quantities of oximes. 

The following experiments indicate the scope of the method. 
(1) «-p-Nitrobenzaldoxime (0-1707 g.) was dissolved in alcohol (5 c.c.) 
and to this was added a solution of 2 : 4-dinitrophenylhydrazine 
hydrochloride (250 c.c.) in 2N-hydrochloric acid containing | g. of 
base per litre. The mixture was kept with occasional shaking for 
24 hours and the precipitated p-nitrobenzaldehydedinitrophenyl- 
hydrazone was then collected in a Gooch crucible, washed with 
2N-hydrochlorie acid and with water, and dried at 100° to constant 
weight. The yield of dinitrophenylhydrazone (0-3194 g.) corre- 
sponded to 93-5% of the oxime taken. (2) Similarly, N-methyl-o- 
methoxybenzaldoxime (0-1055 g.) in water (10 c.c.) gave dinitro- 
phenylhydrazone (0-2018 g.) corresponding to 99-99% of the com- 
pound taken. (3) A saturated aqueous solution of o-methoxy- 
benzaldoxime at 18° was found by this method to contain 0-868 g. 
per litre. A direct determination by extraction with ether and 
weighing gave 0-880 g. 

Although O-methylbenzaldoxime can be hydrolysed only with 
difficulty by acids and is unusually unreactive, yet on shaking with a 
solution of 2 : 4-dinitrophenylhydrazine hydrochloride and keeping 
for 2 days it is quantitatively converted into benzaldehydedinitro- 
phenylhydrazone, from which benzaldehyde can be obtained by 
warming with moderately concentrated sulphuric acid. This is the 
easiest method of recovering the aldehyde from the O-methyl 
derivative of the oxime. 


Tae Ratex Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [ Received, February 4th, 1929.] 


LX XI.—Compounds of the Tryparsamide Type. Part I. 
Resolution of N-Phenylalanine-4-arsinic Acid and 
of its Amide. 

By CHARLES STANLEY GrBson, JOHN DoBNEY ANDREW JOHNSON, 

and Barnett LEVIN. 


N-PHENYLGLYCINEAMIDE-4-ARSINIC acid (‘‘ tryparsamide’’) was 
first prepared by Jacobs and Heidelberger (J. Amer. Chem. Soc., 
1919, 44, 1589) and, along with numerous derivatives, examined 
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therapeutically by (Miss) Pearce and Brown (J. Exp. Med., 192), 
33, 193). Tryparsamide has been described as the most effective 
organic arsenical for the treatment of human sleeping sickness due 
to infection by T'r. gambiense. 

In attempting to extend our knowledge of organic arsenicals 
belonging to this series, it was decided to investigate in the first 
place those externally compensated compounds which can he 
resolved into their optically active components, so that the thera. 
peutic value of the optical isomerides might be compared as well as 
that of the externally compensated compound itself. Further, 
it is hoped to ascertain whether the marked differences in pharmaco. 
logical and therapeutical action found among other analogous groups 
of optical isomerides exist in this series also (compare Cushny, 
“ Biological Relations of Optically Active Substances,” 1926).* 


NH-CHMe-CO,H NH-CHMe-CO-NH, 


(I.) . (II.) 


AsO(OH), AsO(OH), 


dl-N-Phenylalanine-4-arsinic acid (I) was prepared by the con- 
densation of sodium p-arsanilate (“‘ atoxyl ””) with «-bromopropionic 
acid in aqueous solution (compare D.-R.P. 204,664 of 1908; Meister, 


Lucius, and Briining), and preliminary investigation indicates that 
it has some therapeutic value. It is essentially a dibasic acid, 
although titration against sodium hydroxide and phenolphthalein 
indicates a slightly greater basicity than two in dilute solutions. 
The methyl and the ethyl ester—only the carboxyl group being 
esterified—of the acid were prepared, and from the former, but not 
from the latter, the corresponding amide-acid, d/-N-phenylalanine- 
amide-4-arsinic acid (II), was obtained by the action of aqueous 
ammonia. _This amide-acid has been prepared by Jacobs and 
Heidelberger [loc. cit., p. 1597; who name it N-(phenyl-4-arsonic 
acid)-«-amino-propionamide] and by Fourneau and Nicolitch (loc. 
cié., p. 1211) by the action of «-bromopropionamide on p-arsanilic 
acid. The decomposition point of this dl-amide-acid recorded by 
Jacobs and Heidelberger (darkening at 255° and decomposing at 


* The present work was begun some two years ago. It was almost com- 
pleted when Fourneau and Nicolitch announced the successful resolution of 
dl-N-phenylalanineamide-4-arsinic acid (phenylmethylglycineamidearsinic 
acid) and the application of the optically active enantiomorphs to the resolution 
of synthetic ephedrine. In correspondence, M. Fourneau encouraged us to 
continue our work and sent us a copy of the thesis of M. Nicolitch. This 
has since been published (Fourneau and Nicolitch, Bull. Soc. chim. 1928, 34, 
1232). 
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262—263-5°) is somewhat higher than that recorded by us (never 
higher than 244°), but too much stress should not be laid on this, 
since the actual temperature 2t which the profound decomposition 
sets in has been found to depend almost entirely on the rate of 
heating and it is not easy to record the same decomposition point 
on identical specimens. 

The resolution of dl-N-phenylalanine-4-arsinic acid was effected 
in aqueous solution, 2 mols. of the dibasic acid, 2 mols. of sodium 
hydroxide, and 2 mols. of brucine being used. The normal brucine 
salt of the d-acid separated under the conditions described on p. 484 
and was optically pure after one recrystallisation from aqueous 
solution. From this pure brucine salt the pure d-acid was easily 
isolated. ‘The pure l-acid was obtained by crystallising three times 
from water the crude acid liberated from the mother-liquor from 
which the above brucine salt had been removed, the optically active 
acids being appreciably less soluble in water than the dl-acid. The 
optically active monoethyl and monomethyl esters were prepared, their 
rotatory powers being of the same sign as those of the optically 
active acids from which they were obtained. They have very much 
higher melting and decomposition points than the inactive esters 
and their lower solubility, especially of the methyl esters in water, is 
very marked. The corresponding amide-acids were made by dis- 
solving the optically active methyl esters in aqueous ammonia : 
their rotatory powers were of opposite sign to those of the 
esters (and of the optically active acids) from which they were 
prepared. 

When a solution of the monosodium salt of the optically active 
amide-acid was boiled with an excess of sodium hydroxide until 
ammonia ceased to be evolved, the rotatory power of the remaining 
aqueous solution was of the opposite sign to that of the amide-acid 
taken, but it was very much lower in value than that of the sodium 
salt of the pure acid in equivalent concentration. This was con- 
firmed in the case of both isomerides, and it was evident that con- 
siderable racemisation had taken place during the cycle of operations 
i-dibasie acid —-> d-methyl ester —-> d-amide-acid (levorotatory) 
—> d-dibasic acid. 

There was no evidence in the experimental work to indicate that 
racemisation had taken place during the conversion of the optically 
active acid into the corresponding methyl ester: the latter only 
needed to be freed from mechanical impurities (one crystallisation) 
to be optically pure. It was possible, however, that some racemis- 
ition had occurred during amide-acid formation (compare Wren, 
!., 1909, 95, 1596) and possibly also during the hydrolysis of the 
anide-acid. 
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The pure optically active amide-acids were prepared by the 
resolution of dl-N-phenylalanineamide-4-arsinic acid, which was 
easily effected in aqueous solution with 2 mols. of the amide-acid 
and 1 mol. each of sodium hydroxide and quinine under the con. 
ditions described in the experimental portion. The quinine salt of 
the l-amide-acid needed only one crystallisation from water for 
complete purification, and from this pure quinine salt the pure 
l-amide-acid was isolated. The pure d-amide-acid was obtained by 
recrystallising three times from water the crude d-amide-acid 
isolated from the mother-liquor from the above quinine salt of the 
l-amide-acid. This method of resolution of the dl-amide-acid is 
somewhat different from that employed by Fourneau and Nicolitch, 
who used equimolecular quantities of the dl-amide-acid and quinine 
and appear to have had greater difficulties than have been en. 
countered in the present work in obtaining the pure optically active 
amide-acids. Attempted resolutions, using the half-molecule 
method, with brucine and strychnine were unsuccessful; in the 
latter case a crystalline strychnine salt was obtained, but this proved 
to be a partial racemate. 

These optically pure amide-acids had distinctly higher rotatory 
powers than those obtained from the optically active methyl esters 
by the action of ammonia. When the pure /-amide-acid (deztro- 
rotatory) was hydrolysed by boiling its aqueous solution with an 
excess of sodium hydroxide until ammonia ceased to be evolved, 
the resulting solution was levorotatory and the rotatory power was 
very much lower than that of the pure levorotatory dibasic acid in 
equivalent concentration. This proved that in the above cycle 
of operations racemisation takes place, not only during the con- 
version of the optically active methyl ester into the optically active 
amide-acid of the opposite sign, but also during the hydrolysis of the 
optically active amide-acid to the optically active dibasic acid, 
again of the opposite sign. 

Since the dextrorotatory dibasic acid has been proved to be the 
parent substance of the /evorotatory amide-acid, it seems advisable 
to adopt Fischer’s system of nomenclature for configuration and 
sign of rotation. The above cycle of operations is therefore more 
completely expressed as follows : 


D. d-Dibasic acid ——> D. d-Ester acid 


mcemiention)\ Li (racemization) 
D. 1-Amide-acid 


The following is a résumé of the optical rotation constants (| «|54¢)) 
of the pure compounds described in the present communication : 
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Brucine salt of D. d-dibasic acid (water) — 10-61° 
Quinine salt of D. l-amide-acid (water) — 123-8 


Dextro. Laevo. 

N-Phenylalanine-4-arsinic acid (disodium salt, water) -+- 56-40° — 55-94° 
V-Phenylalanine-4-arsinic acid (ethyl ester) (alcohol) -++-127-9 — 125-8 
V-Phenylalanine-4-arsinic acid (ethyl ester) (sodium 

salt, water) +103-0 — 102-8 
\-Phenylalanine-4-arsinic acid 

(sodium salt, water) +176-6 —116-3 
V-Phenylalanineamide-4-arsinic acid (sodium salt, 

water) + 16-47 


EXPERIMENTAL. 

dl-N-Phenylalanine-4-arsinic Acid (I).—A solution of «-bromo- 
propionic acid (35 g.) in water (38 c.c.) was added to a hot solution 
of sodium -aminophenylarsinate (“atoxyl” or ‘“ soamin”’ con- 
taining 5H,O; 50 g.) in water (165 c.c.), and the mixture boiled for 
8 hours. The product crystallised in somewhat yellowish needles 
when the resulting solution was kept for 16—40 hours in the ice- 
chest. dl-N-Phenylalanine-4-arsinic acid, recrystallised from a large 
volume of boiling water, decolorising charcoal being used to remove 
the small amount of colour, formed colourless needles, decomp. 
207—210°. 16-75 G. were consistently obtained in every preparation 
(Found: As, 25-9, 26-1. C,H,,0;NAs requires As, 25-9%). 

The acid is soluble to the extent of about 0-5°% in cold water 
and about 6% in boiling water. It dissolves readily in dilute 
mineral acids and in acetic acid; it is readily soluble in hot methyl 
and ethyl alcohols and moderately easily soluble in the cold solvents. 
It is also slightly soluble in acetone, but insoluble in benzene and 
ether. In aqueous solution it reduces ammoniacal silver nitrate, 
a silver mirror being produced, and thus behaves similarly to o- and 
p-tolylglycines (Staats and Ehrlich, Ber., 1883, 16, 204; Cosack, 
ibid., 1880, 13, 1091). The acid itself behaves on titration as 
slightly more than a dibasic acid (phenolphthalein); the end-point 
is, however, not well defined and varies with the dilution. 

Ethyl Ester of dl-N-Phenylalanine-4-arsinic Acid.—A mixture of 
the preceding acid (5-0 g.), absolute ethyl alcohol (30 c.c.), and 
concentrated sulphuric acid (0-5 c.c.) was boiled for 2 hours and 
poured into water (100 c.c.). The ethyl ester, which separated on 
standing, crystallised from dilute ethyl alcohol (30%) in colourless, 
doubly-refracting prisms, m. p. 175—177° (decomp.) (Found: As, 
236. C,,H,,0;NAs requires As, 236%). The ester is readily 
soluble in ethyl alcohol and in hot water and behaves on titration 
as a slightly more than monobasic acid (phenolphthalein), the end- 
point not being sharply defined. 

Methyl ester of dl-N-phenylalanine-4-arsinic acid was prepared in an 
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analogous manner to the ethyl ester, pure methyl alcohol being used, 
After distillation of some 50% of the excess of alcohol, the reaction 
product was poured into a cold saturated aqueous solution of 
ammonium sulphate. The separated ester, containing a littl 
ammonium sulphate, was completely extracted with pure methy| 
alcohol, the methyl alcohol distilled off, and the residue crystallised 
from the minimum quantity of hot water. It was obtained in 
colourless acicular needles, m. p. 181° (slight decomp.) ; yield, 70°, 
(Found: As, 24:3. C,)H,,O;NAs requires As, 24-75%). This 
methyl ester is distinctly more soluble than the ethyl ester. 

dl-N-Phenylalanineamide-4-arsinic Acid (II).—This amide was 
prepared in two ways : 

(a) The methyl ester (4 g.) was added gradually to an aqueous 
solution of ammonia (d 0-880; 12 c.c.), cooled in ice. It dissolved 
fairly readily, and the solution was kept at the ordinary temperature 
for 48 hours, the excess of ammonia then being removed by leaving 
the mixture over sulphuric acid under reduced pressure. The 
residue, a thick gum, was stirred with a little water, and the amide 
precipitated by the addition of a slight excess of acetic acid. The 
product crystallised from boiling water in colourless needles, m. p. 
233—240° (decomp.) (Found: N, 9-5; As, 25:5. Calc. for 
C,H,,0,N,As : N, 9-7; As, 26-0%). 

(6) «-Bromopropionamide (70 g.) was boiled with a solution of 
“ atoxyl ”’ or “ soamin ” (containing 5H,0; 115 g.) in water (325 c.c.) 
for 1 hour. The method of working up the product was similar to 
that described by Fourneau and Nicolitch (loc. cit., p. 1241); 75g. 
were obtained, m. p. 244° (decomp.) (Found: N, 9-4%) (compare 
Jacobs and Heidelberger, loc. cit.). 

Attempted Reduction of dl-N-Phenylalanine-4-arsinic Acid— 
Reduction of the arsinic acid with sodium hydrosulphite, with or 
without magnesium chloride, gave a yellow material, soluble in 
alkaline solutions, which contained much sulphur but too little 
arsenic for an arseno-compound. Reduction of a saturated solution 
of the acid in concentrated hydrochloric acid containing a trace of 
hydriodic acid at alow temperature with sulphur dioxide gave 
a crystalline product which could not be isolated on account of its 
ready solubility in the mixture at the ordinary temperature. 

Resolution of di-N-Phenylalanine-4-arsinic Acid.—To a. boiling 
solution of the acid (70 g.) in 0-516N-sodium hydroxide (469-5 c.c.) 
and water (565-5 c.c.), brucine (113 g.) was added and the boiling 
was continued until almost the whole had dissolved.  Crystallisation 
began almost immediately, and, after standing at the ordinary 
temperature for 16 hours, the crystalline material was ‘filtered off, 
washed with a little water, and recrystallised from 2 litres of boiling 
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water. After one further recrystallisation under similar conditions, 
its rotatory power * in aqueous solution was constant : c = 1-1446, 
|= 4, « = —0-48°, whence [a] = —10-61°. The brucine salt of 
d-N-phenylalanine-4-arsinic acid crystallises from water in large 
colourless plates containing 7H,O (Found for air-dried material : 
H,0, 106; N, 6-0. C,H,,O;NAs,2C,,H,,0O,N,,7H,O requires 
H,O, 10-5; N, 58%. Found for anhydrous material: As, 6-9. 
(yH,.0;NAs,2C,,H,,0,N, requires As, 6-9%). 

d- and |1-N-Phenylalanine-4-arsinic Acids.—To obtain the d-acid, 
the above brucine salt was ground three times with small quantities 
of a concentrated aqueous solution of ammonia, the brucine filtered 
off, and the filtrate extracted thoroughly with chloroform to remove 
any dissolved brucine. The aqueous solution after evaporation 
on the water-bath to about 100 c.c. was acidified with hydrochloric 
acid (Congo red), and the precipitated acid filtered off from the cold 
mixture. After one recrystallisation from water its rotatory power 
was constant and it was obtained in colourless needles, m. p. 220— 
221° (decomp.) (Found: As, 26-0. C,H,,O;NAs requires As, 
259%). For its rotatory power determination, the acid was 
treated with the calculated quantity of a standard aqueous solution 
of sodium bicarbonate to form the normal salt, and this solution 
made up to volume with water: c = 0-8562, 1 = 4, « = +1-93°, 
whence [«] = +56-40°. 

The l-acid was isolated from the mother-liquor remaining after 
the separation of the above brucine salt of the d-acid. The solution 
was made alkaline with aqueous ammonia, the brucine filtered 
off, and the solution extracted thoroughly with chloroform and 
evaporated to small bulk on the water-bath. The l-acid was 
precipitated with hydrochloric acid and after three crystallisations 
from water its rotatory power was constant. It resembled the 
d-acid in appearance and had the same decomposition point (Found : 
As, 25-6). As in the case of the d-acid, its rotatory power was 
determined in aqueous solution containing exactly sufficient sodium 
bicarbonate to form the disodium salt: c = 0:8942, 1 = 4, « = 
~2-00°, whence [«] = —55-94°. 

15-5 G. of the pure d-acid and 10-0 g. of the pure l-acid were 
obtained. The partly resolved acid recovered on working up the 
mother-liquors was submitted to further resolution, the quantities 
of brucine, etc., employed being adjusted in accordance with the 
rotatory power of the partly resolved acid. 

Ethyl Esters of d- and \-N-Phenylalanine-4-arsinic Acids.—These 
were prepared from the corresponding optically active acids by the 


* All rotatory power determinations were carried out at 20° with the 
uercury-green (A = 5461) line. 
8 
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method used for the preparation of the ethyl ester of the dl-acid, 
Being somewhat less suluble, they are even more easily obtained, 
In appearance they resemble the dl-ester, but their decomposition 
point is very much higher, 275—276° [Found: (for the d-ester 
prepared from the d-acid) As, 23-5; (for the l-ester prepared from 
the l-acid) As, 23-75. C,,H,,0;NAs requires As, 23-6%]. 

The following rotatory power determinations were made in pure 
ethyl-alcoholic solutions : 


d-ester: c = 0-4464, 1 = 4, « = +2-28°, whence [«] = + 127-9. 
l-ester: c = 0°7132, 1 = 4, « = —3-59°, whence [a] = —125:8°, 


The following rotatory power determinations were made in aqueous 
solutions containing the exact quantity of sodium bicarbonate to 
form the sodium salt : 


d-ester: c = 0-4118, 1 = 4, « = +1-70°, whence [a] = +103-0°. 
l-ester : c = 0-3960, 1 = 4, « = —1-63°, whence [a] = —102°8°. 


Methyl Esters of d- and 1|-N-Phenylalanine-4-arsinic Acids — 
These were made in a similar manner to the methyl ester of dl-N.- 
phenylalanine-4-arsinic acid. A preliminary experiment indicated 
that the optically active ester is very much less soluble in water than 
the optically inactive one; the esterification mixture therefore was 
poured into water instead of into a saturated solution of ammonium 
sulphate. After one recrystallisation from water the esters were 
optically pure, a yield of over 90% being obtained. The two 
esters crystallised in long colourless needles, m. p. 277—278° 
(decomp.). They are very sparingly soluble in water and are 
conveniently recrystallised from boiling water (6 g. to 200 c.c.) 
[Found: (d-ester) As, 25-1; (l-ester) As, 24-6. C,)H,,0;NAs 
requires As, 24-75%]. The rotatory power determinations were 
done in aqueous solutions containing the calculated quantity of 
sodium bicarbonate to form the sodium salt : 


d-ester: c = 0-6194, 1 = 4, « = +2-92°, whence [«] = +117-6°. 
l-ester : c = 0-4982, 1 = 4, « = —2-32°, whence [«] = —116:3°. 


Each of these optically active methyl esters was converted into 
the corresponding optically active amide-acid under precisely the 
same conditions as those employed in the preparation of the dl- 
amide-acid from the dl-methyl ester. In each case the product was 
recrystallised once from water and obtained in colourless needles, 
m. p. 242—243° (decomp.) [Found : (amide-acid from d-methyl 
ester) N, 9-9; (amide-acid from /-methyl ester) N, 9-6. Calc. for 
C,H,,;0,N,As: N, 9:7%]. 

The rotatory powers were determined in aqueous solution con- 
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taining the exact quantity of sodium bicarbonate to form the 
sodium salt : 


(a) Amide-acid from d-methyl ester: c = 06114, 1=4, «= 
—0-33°, whence [«] = —13-3°. 

(b) Amide-acid from /-methyl ester: c = 0-6536, 1=4, «= 
+0-36°, whence [«] = +13-9°. 


The solution used in (@) (40 c.c.) was treated with sodium hydr- 
oxide (1 g. in 2 c.c. of water) and boiled for 10 minutes; ammonia 
then ceased to be evolved. The resulting solution was cooled 
and made up to 50 c.c., and its rotatory power determined. It had 
[x] = +26-6°. The solution used in (6) (40 c.c.) was treated in an 
exactly similar manner and the final rotatory power was [a] = 
—29-5°. 

Resolution of di-Phenylalanineamide-4-arsinic Acid.—The amide- 
acid was prepared by the method described by Jacobs and Heidel- 
berger (loc. cit.; compare Fourneau and Nicolitch, loc. cit.). The 
amide-acid (36 g.) was dissolved in boiling water (2000 c.c.) and 
aqueous sodium hydroxide (0-516N ; 121 ¢.c.), and quinine (22-3 g., 
allowing 10% excess on account of water content) added. The 
whole was brought into solution and allowed to cool during 20 
hours. The salt erystallised in soft needles, and was separated 
from the mother-liquor. The salt was recrystallised from boiling 
water (2000 c.c.), and another recrystallisation from water (1500 c.c.) 
failed to affect the rotatory power. The salt was anhydrous 
(Found: N, 9-1; As, 12-2. Cale. for CyH,,0,N,As,C,,H,,0O,N, : 
N, 9:15; As, 12-3%). The rotatory power was determined in 
aqueous solution: c = 0-2412, 1 = 4, « = —1-20°, whence [«} = 
-123-8°. 

l and d-N-Phenylalanineamide-4-arsinic Acids——The above 
quinine salt was decomposed by grinding with aqueous ammonia 
(i 0-880), and the liquid filtered. The separated quinine was 
r-extracted twice with further quantities of ammonia solution. 
The filtrate was acidified with concentrated hydrochloric acid 
(congo red), and the precipitated amide-acid recrystallised from 
boiling water (decolorising charcoal); its rotatory power was then 
constant. The pure /-amide-acid crystallised in colourless needles, 
nm. p. 247° (decomp.) (Found: N, 9-4. Calc. for CyH,,0,N,As : 
N,9:7%). Its rotatory power was determined in aqueous solution 
ntaining the exact quantity of sodium bicarbonate to form the 
odium salt : c = 0-5868,/ = 4, « = —0-42°, whence [a] = —17-88°. 

The mother-liquor after separation of the above salt was evapor- 
ited to about half its original volume, and the quinine precipitated 
ly addition of a slight excess of an aqueous solution of ammonia, 
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After filtration, the liquid was acidified with concentrated hydro. 
chloric acid (Congo red), and the amide-acid precipitated as before, 
This was recrystallised three times from boiling water; its rotator 
power was then constant. In appearance and general behaviow 
the pure d-amide acid was similar to its enantiomorphous isomeride 
and it had the same melting-decomposition point (247°) (Found: 
N, 9:5%). Its rotatory power was determined as in the previous 
case: c = 0-7770, 1 = 4, « = +0-51°, whence [«] = +16-5°. 

Before the effect of hydrolysis on these pure optically active amide. 
acids was examined, the rotatory power of another specimen of the 
pure d-amide-acid was determined under the same conditions as 
the above : c = 0-7050, 1 = 4, « = +0-46°, whence [«] = +16-4°. 

This solution (40 c.c.) was treated in an exactly similar way to 
those in the previous experiments on the hydrolysis of the optically 
active amide-acids: the rotatory power of the final solution was 
[a] = —28-5°. 


The authors wish to express their grateful thanks to the Gover. 
ment Grant Committee of the Royal Society and to Messrs. Imperial 
Chemical Industries Ltd. for grants which have been of great 
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Research for a grant which enabled him to take part in the work. 
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LXXII.—The Ternary System Mercuric Chloride- 
Mercuric Iodide-Water. 


By Rutu Suepen. 


Boutxay (Ann. Chim. Phys., 1827, 34, 340) and Larocque (J. Pharm. 
Chim., 1843, 4, 15) describe the formation of a compound HgCl,,Hgl,, 
which Kohler (Ber., 1879, 12, 1188) considered he had obtained as a 
yellow solid after boiling the iodide in water with excess of chloride 
for 12 hours. From a study of the melting-point curves of the 
binary system, Padoa and Tibaldi (Atti R. Accad. Lincei, 1903, 
[v], 12, ii, 158) concluded that there existed a discontinuous series 
of mixed crystals but no chloroiodide. There has evidently been 
some difficulty in interpreting results, and this appears to be due 
partly to the fact that, as with the pure iodide, the stability of the 
solids obtained changes with temperature. An indication of the 
nature of the binary system may, however, be gained from the 
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following observations on the ternary system at 30° and 70°, which 
have been made at the suggestion of Professor A. C. D. Rivett. 
The two salts have been found to be mutually soluble but, at the 
iodide end, two series of mixed crystals, yellow and red, respectively, 
are obtainable, their relative stabilities depending upon tem- 

rature and chloride content. They correspond to the yellow 
and the red form of the simple iodide stable above and below 129° 
(Reinders, Z. physikal. Chem., 1900, 32, 507). As chloride pro- 
gressively dissolves in the yellow iodide, products are obtained which 
are stable at temperatures below this transition point. 


EXPERIMENTAL. 


The system was examined at 30° and 70°. The procedure adopted 
in preparing complexes was to heat suitable mixtures of the com- 
ponents to 100° and then rapidly to filter the solution from any 
excess solid. The filtrate was rotated for many hours (in some 
cases up to 11 days) in a closed glass tube in a thermostat at the 
required temperature, solid separating out. Unless one starts thus 
from a homogeneous system, trustworthy results cannot be obtained, 
since equilibrium throughout solids present from the beginning is 
established far too slowly. As, however, the solubility of the 
iodide is not much affected by temperature, the amount of solid 
obtained at the iodide end of the system by the practice adopted 
was usually very small, especially at 70°, and the accuracy of 
analysis was correspondingly diminished. After equilibrium had 
been attained, wet solid was separated as rapidly as possible on a 
heated Gooch crucible, transferred to a stoppered weighing bottle, 
and weighed. Both this and the saturated solution were then 
analysed. 

For purposes of analysis, the solid was brought into solution by 
addition of the minimum amount of potassium iodide. Ammonium 
sulphate, in amount equal to at least 1% of the weight of the 
solution, was added to ensure coagulation of mercuric sulphide, 
which was then precipitated by hydrogen sulphide. under pressure. 
The sulphide was filtered off and washed on a Gooch crucible, dried 
at 105—110°, and weighed. From the filtrate, the excess gas was 
removed by boiling, and iodine set free by addition of. sodium 
nitrite and sulphuric acid. The iodine was removed by boiling, 
and the chloride in the solution determined gravimetrically as silver 
chloride. The iodide was thus determined by difference, an 
unsatisfactory procedure when its amount was relatively small. 
In such cases it was found better to determine it gravimetrically as 
silver iodide in a solution which was just sufficiently ammoniacal to 
prevent the precipitation of the chloride. In a system of such 
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small solubilities and with these obvious limitations in analytical 
accuracy, the results have qualitative rather than quantitative 
significance. 

Table I(a) gives the results at 30°, compositions being expressed 
as percentages by weight. Water (not recorded) is obtainable by 
difference. The colours of the mixed crystals are denoted by letters, 

There are two solution curves, as may be seen in Fig. 1. The 
white solids corresponding to the shorter curve (see large-scal 
portion) are mercuric chloride containing a few parts of iodide per 


Fra. 1. 








| — 
Zz 


H. } Hgl, 
cent. The points shown on the second curve probably belong to 
two distinct curves which lie very closely together, the corresponding 
solids being red and yellow mixed crystals of iodide containing 
chloride. The accuracy obtainable by the present method of 
working does not permit one to separate these curves. As judged 
by the time for which yellow crystals may be kept, it seems probable 
that at 30° the yellow solid is unstable throughout relatively to 
the red, but at 70° (Table Ib) the former becomes the stable phase 
in those solutions in which the concentration of mercuric chloride 
is greatest. 
There is no evidence of compound formation. 
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TABLE I. 
Percentages, by weight. Percentages, by weight. 


“ Solutions. Wet solids. Solutions. Wet solids. 
a ‘ See mage er aema A ns, 
HgCl,. HgI,. HgCl,. Hgl,. HgCil,. HgI,. HgCl,. Hgl,. 
(a) System at 30°. 

WwW 6°75 
a 6°14 

we 5-32 

4 5-26 
W&R 3°39 
ae 2-20 
R 7-82 
re 7-85 

ee 5-36 


(b) System at 70°. 
- WwW 12-8 0-99 — 
162 5s 12-6 0-94 2- 
64-7 Y 10-2 0-91 1- 
— a 9-9 0-84 9- 
76-0 om 7:35 0°75 7: 
— a 3:94 052. — 
W = White; R = red; Y = yellow. 


UNIVERSITY OF MELBOURNE. [Received, January 14th, 1929.] 
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LX XIII.—Orientation Effects in the Diphenyl Series, 
Part VII. The Effect of Substituents in One 
Nucleus on the Ratio of Ortho: Para Nitration in 
the Other. The Nitration of 2- and 4-Nitro- and 
of 2: 4-and 2: 4’-Dimitro-diphenyl and of Diphenyl- 
4-carboxylic Acid. 


By Herpert CHARLES Gui~L and EvstacrE EBENEZER TURNER. 


Ir was recently pointed out (Le Févre and Turner, J., 1928, 245) 
that the then-known facts, viz., the semi-quantitative results of 
Bell and Kenyon (J., 1926, 2705), in connexion with the nitration 
of 2- and 4-nitrodiphenyl indicated that the two nuclei of diphenyl 
are independently conjugated. These two compounds have now 
been nitrated quantitatively. 4-Nitrodiphenyl is nitrated to the 
extent of 37% and 63% in the 2’- and the 4’-position respectively, 
and 2-nitrodiphenyl gives 39% of the 2’-nitro- and 61% of the 
4'-nitro-compound. In neither case is 2 : 4-dinitrodiphenyl formed, 
nor, we think, would its formation be expected (compare, however, 
Bell and Kenyon, loc. cit., for the converse opinion) in view of the 
known retarding influence of a nitro-group on further substitution 
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in the same nucleus. More important is the proof of the non. 
formation of detectable quantities of 3'-nitro-derivatives. 

From the point of view of establishing the independence of the 
two nuclei, the nitration of 2 : 4-dinitrodiphenyl, hitherto unknown, 
is even more pertinent. This substance has been obtained by 
heating a mixture of iodobenzene and 1-chloro-2 : 4-dinitrobenzene 
with copper bronze (the first example, as far as we are aware, of the 
synthesis of an unsymmetrical diphenyl! derivative by the Ullmann 
reaction), and has been found to be nitrated to the extent of 45%, in 
position 2’ and 55% in position 4’, less than 1% of a third product 
being formed, a fact which clearly demonstrates the nuclear 
independence referred to above. 

Since distortion of the diphenyl molecule such as leads to optical 
activity does not appear, so far as is known at present, until the 
2:2’: 6:6’-positions are crowded, the 2’/4’ ratio (corresponding 
to the o/p ratio in simple benzene substitution) for the nitration of 
2-nitrodiphenyl should not be materially different from that of the 
4-isomeride in so far as this ratio is determined by purely steric 
effects. This is in agreement with the results obtained. 

The 2’/4’ ratios for the nitration of 4-nitro-, 2-nitro-, and 2 : 4-di- 
nitro-dipheny] are seen from the above figures to be in the proportion 
59 : 64 : 82, and if it be assumed that the 2’/4’ ratio is determined, 
as it is in the case of the monohalogencbenzenes, by the degree of 
electropositiveness of the substituent (the o/p ratios for Cl, Br, and I 
in those compounds are as 43 : 61 : 70, corresponding to increasing 
positiveness of the halogen atom), then in 4-nitrodipheny]l (I) carbon 
atom | (in nucleus B) should be less positive than the corresponding 
atom in 2-nitrodiphenyl, this C, being in turn less positive than that 
in 2 : 4-dinitrodiphenyl. And this is the case, in effect if not in fact, 
owing to the polarising effect of the nitro-group or groups. It 
seems probable, therefore, that the properties of C,, as affected by 
the substituents attached to the other carbon atoms of the B nucleus, 
determine the ratio of 2’ to 4’ nitration (i.e., o- to p-nitration in 
nucleus A). It is possible that, if certain strongly polarising groups 


1) <A >< BNO, 
lia 


could be introduced into B, C, would become so positive that some 
3’-nitration would occur in A. . 

By nitrating 3-nitrodiphenyl, Blakey and Scarborough (J., 1927, 
3000) obtained 11—12 g. of 3:4’- and 5—6 g. of 2: 3’-dinitro- 
diphenyl out of a total possible 18 g. of dinitro-derivatives, and 
although these figures are only approximate, they are in accordance 
with the expectations of the above theory, which requires a 2'/4’ 
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ratio even lower than that of 4-nitrodiphenyl, for C, in 3-nitro- 
diphenyl possesses a distinctly negative character. 

Bell, Kenyon, and Robinson (J., 1926, 1239) showed that diphenyl, 
when mononitrated by a mixture of nitric and acetic acids at 
s0—90°, gave 45—55% of 4-nitrodiphenyl. We have dinitrated 
diphenyl quantitatively, and find that 30% of the product is 4 : 4’- 
dinitrodiphenyl. Since this must have been derived from inter- 
mediately formed 4-nitrodiphenyl, which, as shown above, is 
nitrated to the extent of 63% in the 4’-position, it can be calculated 
that, of the original diphenyl, 47% must have been nitrated in 
position 4, and therefore 53% in position 2, a result not in disagree- 
ment with the observations of Bell, Kenyon, and Robinson. 

4: 4'-Dinitrodiphenyl is readily nitrated by hot fuming nitric 
acid, and the 2 : 4 : 4’-trinitrodiphenyl formed is nitrated in presence 
of mixed acids at 100° to give the known 2: 4: 2’ : 4’-tetranitro- 
compound. 2:2’-Dinitrodiphenyl is similarly nitrated to give 
mainly 2 : 4 : 2’-trinitrodiphenyl (convertible in turn into the above 
tetranitro-compound), together with a small quantity of a second 
substance. 

The mononitration of 2: 4’-dinitrodiphenyl, which has been 
studied quantitatively, produces 47-5% of 2:4: 2’- and 52-5% of 
2:4: 4’-trinitrodiphenyl, a result which appears to show the very 
small effects originating from mere steric influences. 

When picryl chloride, iodobenzene, and copper bronze are heated 
together, the main product is 2 : 4 : 6-trinitrodiphenyl, the apparent 
non-formation of hexanitrodiphenyl being no doubt due to spatial 
effects, 

We have also studied the nitration of diphenyl-4-carboxylic acid, 
in an attempt to prepare 4’-nitrodiphenyl-4-carboxylic acid, of 
which the mononitration (occurring, as it possibly would, in both 
rings) would have been of considerable interest as affording a method 
of comparing the retarding influence of the nitro- and the carboxyl 
group on further substitution. We have, however, been unable to 
obtain the mononitro-acid, although dinitration is readily accom- 
plished, and has been studied quantitatively. Only two dinitro- 
acids are formed, and these are readily separated by fractional 
acidification of the alkaline solution of the mixture. One acid 
(m. p. 265°, corr.), constituting 49% of the total product, is clearly 
identical with that (m. p. 252°) described by Strasser and Schultz 


(IL.) NOK YK COyH a EM oa (IIL.) 
NO, NO, 


NO, 
(Annalen, 1881, 210, 191), who obtained evidence that it was 
2: 4'-dinitrodiphenyl-4-carboxylic acid (II). That the conclusion 
82 
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of these authors is correct has now been shown by decarboxylating 
the acid, whereby 2 : 4’-dinitrodiphenyl was isolated. 

The second acid, forming 51% of the product, is 2 : 2’-dinitro. 
diphenyl-4-carboxylic acid (III), since decarboxylation affords 
2: 2’-dinitrodiphenyl. Strasser and Schultz suspected the presence 
of a second acid, but failed to isolate it. 

Although the nitration of 4'-nitrodiphenyl-4-carboxylic acid 
could not be studied, the results obtained clearly show that the 
retarding influence of a nitro-group is far greater than that of 
a carboxyl group. 

EXPERIMENTAL. 

(All melting points given are corrected.) 

Nitration of 4-Nitrodiphenyl.—4-Nitrodiphenyl (20 g.) was added 
to 285 c.c. of nitric acid (d 1-448), stirred, and kept at 40—50°. 
4: 4'-Dinitrodiphenyl gradually separated, and stirring was con- 
tinued until the temperature of the suspension had fallen to 20°. 
The solid was then filtered off and washed with dilute nitric acid, 
13-65 g. of 4: 4’-dinitrodiphenyl, m. p. 239—243°, being obtained. 
The mother-liquor was precipitated with water, and yielded 10-75 g. 
of crude 2 : 4’-dinitrodiphenyl, so the total yield of dinitrodiphenyls 
was 99-5% of that theoretically possible. The amount of 4 : 4’-di- 
nitrodiphenyl not separating under the above conditions was 
determined as follows: A ‘“ mother-liquor” having the same 
composition as that in the actual nitration was prepared by stirring 
a mixture of 71-5 c.c. of nitric acid (d 1-448), 0-5 c.c. of water, 2-7 g. 
of 2:4’-dinitrodiphenyl and 3-4 g. of 4:4’-dinitrodiphenyl, the 
temperature being allowed to fall slowly from 50° to 20°. The 
undissolved 4 : 4’-dinitrodiphenyl weighed 3-0 g. The corrected 
weight of 4 : 4’-isomeride is therefore 13-65 + 1:6 = 15-25 g., whence 
the percentage in the total nitration product is 62-5. 

In a second nitration, 10 g. of 4-nitrodiphenyl gave 4-98 g. of 
crude 2 : 4’-isomeride, and 7-02 + 0-69 = 7-71 g. of 4 : 4’-compound, 
corresponding to 64% of 4 : 4’-nitration. 

The crude 2: 4’-compound was crystallised several times from 
alcohol. Although the amount of 4:4’-compound present was 
small, as the solubility control experiment showed, it was difficult 
to remove it, owing to the solubility of 4: 4’-dinitrodiphenyl in 
concentrated alcoholic solutions of 2 : 4’-dinitrodiphenyl and its 
sparing solubility in dilute alcoholic solutions of its isomeride. 

Dinitration of Diphenyl.—Dipheny] (20 g.) was added gradually 
to 440 c.c. of nitric acid (d 1-448), kept stirred and initially at 35°. 
The temperature rose to 50°, and was kept at that point by external 
cooling. After all the hydrocarbon had been added, the solution 
was stirred until it had cooled to 20°. 4: 4’-Dinitrodipheny! 
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crystallised out, and was filtered off; its weight, after correction for 
solubility in the mother-liquor (determined with the appropriate 
solution), was 9-43 g. Complete precipitation of the original 
mother-liquor gave 23-77 g. of solid. The total yield of isomeric 
dinitro-compounds was thus 97% of that theoretically possible. 
Since the 4 : 4’-dinitrodiphenyl (29-8% of total product) must have 
been formed from 4-nitrodiphenyl, which undergoes 63% of 4’-nitra- 
tion, the original diphenyl must have undergone 


9-43 x 199 « 154 x 100 
244 x 0-63 x 20 x 199 


In a second experiment, 9-83 g. of diphenyl gave a corrected weight 
of 4-61 g. of 4 : 4’-dinitrodipheny] (total yield of dinitro-compounds, 
15-53 g. = 98%). From this result, the original diphenyl must 
have undergone 47% of 4-nitration (4:4’-compound, 29-7% of 
total product), 

Nitration of 4:4'-Dinitrodiphenyl.—The dinitro-compound was 
dissolved in 10 parts of nitric acid (d 1-5) and the solution was 
heated to boiling for a few minutes, cooled, and poured into water. 
The precipitated solid, when washed and dried, had m. p. 175—176°, 
and crystallised from glacial acetic acid or from nitric acid in pale 
yellow cubes, m. p. 176° (Found: N, 14-9. C,,H,O,N; requires 
N, 146%). 

The 2 : 4: 4'-trinitrodiphenyl so obtained was nitrated as follows : 
1 G. was dissolved in 10 c.c. of concentrated sulphuric acid, 10 c.c. 
of nitric acid (d 1-5) were added, and the mixture was heated at 
100° for an hour; the cooled solution was poured into water. The 
precipitated solid crystallised from glacial acetic acid in small 
needles, m. p. 165°, and was identical with 2 : 4: 2’ : 4’-tetranitro- 
diphenyl obtained by the Ullmann synthesis. 

Preparation of 2-Nitrodiphenyl_—Diphenyl was nitrated by the 
method of Bell and Kenyon (J., 1926, 1239). The acetic acid mother- 
liquors, obtained after removal of solid 4-nitrodiphenyl, were 
poured into water. The oil was separated, washed with warm water, 
dried, and slowly distilled at 20 mm. through a short column. 
The fraction of b. p. 185—190° was almost pure 2-nitrodiphenyl. 
It was dissolved in methylated spirit so as to give a solution saturated 
at 20°. This was cooled to 0° and inoculated with 2-nitrodiphenyl. 
The material which crystallised was submitted to a similar process, 
whereupon pure 2-nitrodiphenyl was obtained, m. p. 37—38°. 

Nitration of 2-Nitrodiphenyl_—(a) Qualitative. 2-Nitrodipheny] 
(20 g.) was stirred with 270 c.c. of nitric acid (d 1-420) at 35°, and 
nitric acid (d 1-5) was added very slowly. The temperature rose 
slightly, and the 2-nitrodiphenyl first melted and then slowly 


= 47% of 4-nitration. 
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dissolved. After all had passed into solution, the liquid was stirred 
for a further } hour, water added gradually until the temperature 
rose to 50°, and the liquid allowed to cool. 2 : 4’-Dinitrodipheny| 
separated and, -after being twice crystallised from alcohol, had 
m. p. 92-5—93-6° (10 g.). The mother-liquor was completely 
precipitated with water, and the solid precipitate was crystallised 
repeatedly from benzene and then from alcohol, pure 2 : 2’-dinitro. 
diphenyl being obtained. 

(b) Quantitative. 2-Nitrodiphenyl (4 g.) was nitrated under the 
foregoing conditions. After the addition of water, resulting in a 
rise of temperature to 50°, the whole was poured into excess of cold 
water and left over-night. The solid deposit was filtered off, well 
washed with boiling water, partly dried, powdered, and then dried 
in a vacuum over calcium chloride. In this way, 4-79 g. (yield, 
97-7%) and 4-83 g. (yield, 985%) of mixed dinitrodiphenyls were 
obtained in two different experiments. Both specimens had f. p. 
68-3°. The f. p.’s of a number of mixtures of 2: 2’- and 2: 4’-di- 
nitrodiphenyl were then accurately determined : 

2: 4’-Com- 

pound, % 0-0 215 475 599 60:83 69-6 78:2 88-7 100-0 
Bo ie ntodpnes 123-6° 109-2° 85-6° 70-4° 69-1° 74-2° 79-2° 854° 91-3° 
The f. p. of the nitration product is thus 0-5° lower than the eutectic 
point (39% of 2: 2’-compound). Addition of 0-6218 g. of 2 : 4’-com- 
pound to 1-3643 g. of nitration product gave a mixture of f. p. 75-6°, 
corresponding with 28-2% of 2: 2’-dinitrodiphenyl, or with 27-4% 
of that compound if it be assumed that the nitration product has 
the same composition as the eutectic. It follows from this that 
2-nitrodiphenyl undergoes about 61%, of 4’-nitration, and therefore 
about 39%, of 2’-nitration, the amount of nitration in any other sense 
being of the order of 1%. 

Preparation of 2 : 4-Dinitrodiphenyl.—A mixture (equimolecular) 
of 21 g. of iodobenzene and 20 g. of 1-chloro-2 : 4-dinitrobenzene was 
heated in a wide-mouthed conical flask in a metal-bath, initially at 
210°. Copper bronze (40 g.) was added gradually, the mixture being 
well stirred with a thermometer. The temperature of the mixture 
rose slowly to 225°, and reaction proceeded rapidly. After all the 
copper had been added, heating was continued (230°) for 10 minutes. 
The cooled product was extracted with hot benzene, and the extract 
distilled in steam. No diphenyl was detected. The non-volatile 
oil was crystallised from 200 c.c. of hot methylated spirit. 2 : 4-Di- 
nitrodiphenyl was then obtained (3—5 g.) in golden-yellow plates, 
m. p. 110° (Found: N, 11-6. C,,H,O,N, requires N, 115%). A 
further quantity remained in the mother-liquors. 

Nitration of 2 : 4-Dinitrodiphenyl.—2 : 4-Dinitrodiphenyl (2 g.) 





ORIENTATION EFFECTS IN THE DIPHENYL SERIES. PART VII. 497 


was dissolved in 50 c.c. of nitric acid (d 1-5). The solution was 
heated at 100° for a minute, cooled, and poured into water. The 
precipitated solid was filtered off, washed with warm water, and dried 
ina vacuum over calcium chloride. In this way, 2-35 g. (yield, 99%) 
of mixed trinitro-derivatives were obtained, f. p. 139-5°. The f. p.’s 
of a number of mixtures of 2: 4:4’- and 2:4: 2’-trinitrodiphenyl 
(see below) were then determined : 

9:4: 4’-Com- 

pound, % 0-0 50-6 53-9 55-6 65-1 80-7 90-1 100-0 
F. pu cvcceedes 150-5° 134-6° 138-0° 140-8° 148-7° 162-4° 169-2° 175-5° 
A mixture of 1-0028 g. of nitration product with 0-9614 g. of pure 
2:4: 4'-trinitrodiphenyl had f. p. 159°, corresponding to 23-5% of 
2:4: 2’-trinitrodiphenyl. The calculated percentage of 2:4: 2’- 
derivative in this new mixture is 23-0%, the absence of any third 
substance being assumed. It follows that the nitration product 
contained 55% of 2: 4: 4’- and 45% of 2 : 4: 2’-trinitrodiphenyl. 

Nitration of 2 : 2'-Dinitrodiphenyl.—The dinitro-compound (6 g., 
m. p. 124°) was added gradually to 60 c.c. of nitric acid (d 1-5), 
which was kept at 75—80°; water was then slowly added, the 
temperature being kept below 80°, until crystallisation began, 
whereupon the whole was allowed to cool. The solid was filtered off, 
washed with water, and twice crystallised from glacial acetic acid, 
54 g. of pure 2:4: 2’-trinitrodiphenyl being obtained as pale 
yellow rectangular prisms, m. p. 150—151° (Found: N, 14:8. 
C,.H,O,N, requires N, 14-6%). 

The nitration mother-liquor, when treated with excess of water, 
gave 1 g. of a mixture of trinitro-compounds, and the acetic acid 
mother-liquor yielded 0-5 g. of gummy material. The results show 
that 2 : 2’-dinitrodipheny] is nitrated to the extent of 80—85% in 
position 4. 

Nitration of 2 : 4 : 2'-Trinitrodiphenyl.—The foregoing compound 
(1 g.) was heated with 10 c.c. of. concentrated sulphuric acid and 
10 c.c. of nitric acid (d 1-5) at 100° for 1 hour, the solution cooled, 
and poured into water. The precipitated solid, after being twice 
crystallised from glacial acetic acid, melted at 165°, and was identical 
with a specimen of 2 : 4: 2’ : 4’-tetranitrodiphenyl prepared by the 
Ullmann process from 1-chloro-2 : 4-dinitrobenzene. 

Nitration of 2 : 4'-Dinitrodiphenyl.—A solution of 5 g. of the 
dinitro-compound (m. p. 93-5°) in 30 c.c. of nitric acid (d 1-5) was 
heated at 100° for one minute and poured into water; the precipi- 
tated solid was carefully washed and dried, and then had f. p. 
136-9°. The addition of a weighed quantity of pure 2: 4: 4’-tri- 
nitrodiphenyl raised the f. p. by the amount corresponding to the 
absence of a third substance. Hence, from the data given above, 
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2 : 4’-dinitrodiphenyl undergoes 52-5% of 4-nitration and 47-5°% of 
2’-nitration. 

2:4: 6-Trinitrodiphenyl.—A mixture of 30 g. of picryl chloride 
and 30 g. of iodobenzene was heated in a bath at 195—200°. The 
mixture was stirred with a thermometer, and 25 g. of copper bronze 
were gradually added, the temperature not being allowed to rise 
above 205°. The cooled mixture was extracted with hot alcohol, 
The crystalline solid separating on cooling was recrystallised from 
light petroleum (b. p. 80—100°; Soxhlet extractor) and then from 
alcohol. 2:4: 6-T'rinitrodiphenyl forms pale yellowish needles, 
m, p. 130° (Found: N, 15:2. C,,H,O,N, requires N, 14-6%). 
No hexanitrodiphenyl was detected. 

Preparation of Diphenyl-4-carboxylic Acid.—(a) From 4-amino- 
diphenyl. This compound gives very poor yields of 4-cyanodipheny| 
by the diazo-method (compare Kaiser, Annalen, 1890, 257, 95; 
Ferriss and Turner, J., 1920, 117, 1140). 

(b) From 4-acetyldiphenyl. This compound was prepared by a 
modification of the method given previously (Ferriss and Turner, 
loc, cit.) : To a mixture of 125 g. of diphenyl, 40 g. of acetyl chloride, 
and 500 c.c. of carbon disulphide, 90 g. of well-powdered aluminium 
chloride were slowly added (10 mins. ; efficient cooling). The whole 
was heated on the water-bath for 2 hours and then cooled and 
decomposed with water. Carbon disulphide and excess of diphenyl 
were removed in a current of steam, and the residual oil was distilled 
in superheated steam from a flask kept in a bath at 200°. The 
crude 4-acetyldiphenyl so obtained was suitable for the next 
preparation; after crystallisation from alcohol it had m. p. 
120-5° (60—70 g.). It was oxidised by one of the following 
methods. 

Hypochlorite oxidation. A mixture of 5 g. of acetyldiphenyl with 
150 c.c. of water was boiled and 30 c.c. of commercial sodium 
hypochlorite solution were added gradually. Boiling was continued 
until chloroform was no longer evolved, the hot liquid was then 
filtered and acidified, and the precipitated solid crystallised twice 
from alcohol to remove terephthalic acid; 2 g. of diphenyl-4-carb- 
oxylic acid were thus obtained. 

Permanganate oxidation. To a vigorously stirred, boiling sus- 
pension of 50 g. of finely powdered acetyldipheny] in 1 1. of water 
were added 120 g. of potassium permanganate in six portions at 
?-hour intervals. The mixture was finally boiled for a further hour, 
filtered whilst hot, and then decolorised with sulphur dioxide. On 
addition of hydrochloric acid, crude diphenylcarboxylic acid was 
precipitated. After removal of terephthalic acid by two crystallis- 
ations from alcohol, 40 g. of acid, m. p. 228°, were obtained. If all 





ORIENTATION EFFECTS IN THE DIPHENYL SERIES. PART Vit. 499 


the permanganate is added at the beginning, more terephthalic 
acid is produced. 

Experiments on the Nitration of Diphenyl-4-carboxylic Acid.— 
(a) In concentrated sulphuric acid. Nitration with mixed acids is 
impossible, owing to the readiness with which the carboxylic acid 
undergoes sulphonation. The ready sulphonation of diphenyl com- 
pounds has been noted frequently in this series of investigations, but 
has not been reported previously. 

(b) In glacial acetic acid. Trial experiments showed that nitra- 
tion did not occur, or was incomplete, unless about 4 mols. of nitric 
acid were present. Mononitration could not be effected. For 
dinitration, the most satisfactory conditions were as follows: 
2 G. of diphenylearboxylic acid were dissolved in 15 c.c. of boiling 
glacial acetic acid, and 1-4 c.c. (4 mols.) of nitric acid (d 1-5) were 
added. After the mixture had been kept at the b. p. for a short 
time, dinitration was complete, the product having m. p. 180—245°. 

(c) In nitric acid. Diphenylcearboxylic acid does not dissolve in 
nitric acid of d 1-4, but dissolves in the acid of d 1-5 at 0°, to give the 
result recorded by Strasser and Schultz (loc. cit.). Their dinitro- 
acid was isolated with m. p. 254° (265° corr.). The very sparingly 
soluble compound described by them is apparently a polynitro- 
compound. 

Diphenylearboxylic acid dissolved slowly in well-stirred nitric 
acid (d 1-5) at —15° to give only dinitro-acids. The solution was 
poured into water, and the precipitated solid collected, washed, 
and dried (Found: N, 9-9. C,,;H,O,N, requires N, 9-7%). 

Quantitative Dinitration of Diphenyl-4-carboxylic Acid.—The 
acid (16-24 g.) was added to 610 c.c. of well-stirred nitric acid 
(d 1-5) kept at —15°, stirring being maintained until a clear solution 
was obtained. This was poured on ice, and the solid obtained was 
filtered off, washed, and dried in a vacuum over calcium chloride 
(20-2 g.). The mother-liquor was almost neutralised with sodium 
carbonate. The gum which separated became crystalline when the 
whole was heated at 100°. The solid, after being collected and 
purified as before (3-34 g.), had m. p. 194—195°. The total yield 
(23-54 g.) is almost theoretical. 

The fraction weighing 20-2 g. was suspended in 400 c.c. of hot 
water, and just sufficient sodium carbonate added to give a clear 
solution, which was diluted to 41. and stirred vigorously. Hydro- 
chloric acid (about 0-75N) was added drop by drop, and from time 
to time precipitates were filtered off. In this way, a sharp separation 
into two main fractions was effected : (1) m. p. 240—254°, 11-60 g., 
erystallising from alcohol—acetic acid in small colourless needles, 
m. p. 265° (corr.) ; (2) m. p. 191—197°, 8-55 g. The above substance 
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of m. p. 194—195° was the same, so that the total yield of (2) was 
11-89 g., whence the percentages of (1) and (2) are respectively 49 
and 51. 

The constitutions of the two acids were determined by decarboxy|. 
ation. After several methods had been tried, the following proved 
successful: 1-5 G. of acid (1) were well ground with 2 g. of sodium 
hydrogen carbonate and 3-5 g. of copper bronze, and the mixture | 
was slowly heated in a bath. At 305°, the metallic appearance of 
the copper suddenly vanished, and the mixture became pasty. It 
was cooled, and extracted twice with boiling benzene. Four similar 
experiments were carried out, and the combined extracts were 
evaporated. The oily residue became crystalline on cooling. After 
being crystallised first from light petroleum (b. p. 80—100°) and then 
from alcohol, it (0-4 g.) had m. p. 92-5—93-5°, unaffected by admix. 
ture of pure 2: 4’-dinitrodiphenyl. Acid (1) is therefore 2 : 4’-di- 
nitrodiphenyl-4-carboxylic acid. 

Acid (2), similarly treated, gave a crude product melting at 
110—118°. After successive crystallisation from light petroleum 
(b. p. 80—100°) and alcohol, it melted at 124°, either alone or when 
mixed with pure 2: 2’-dinitrodiphenyl. Acid (2) is therefore 
2 : 2’-dinitrodiphenyl-4-carboxylic acid. 


The authors’ thanks are due to the Research Fund Committee of 


the Chemical Society for a grant in aid of this investigation. 


East LonpDon COLLEGE, 
UNIVERSITY OF LONDON. [Received, December 31st, 1928.] 
* 





LXXIV.—The Nitration of Phenylcyclohexane and of 
ats p-Halogeno-derivatives. 


By Horace ALFRED Mayes and Eustace EBENEZER TURNER. 


AuttHouGH Kursanoff (Annalen, 1901, 318, 309) nitrated phenyl- 
cyclohexane, he isolated only one product, which he showed to be 
p-nitrophenylcyclohexane. In view of the important relationship 
the hydrocarbon bears to diphenyl on the one hand and to toluene 
homologues on the other, we have studied its nitration quantita- 
tively, and compared the ortho-directing influence of the cyclohexy! 
group with those of chlorine and bromine by studying the nitration 
of the p-halogenophenylcyclohexanes. 

Phenylcyclohexane is nitrated to give 62%, of p-nitro- and 38% 
of o-nitro-compound, with possibly a trace of a third substance, and 
it is of value to compare its nitration with those of toluene (Holle- 
man, Proc. K. Akad. Wetensch. Amsterdam, 1908, 11, 248; Rec. 
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trav. chim., 1909, 28, 408) and diphenyl (Gull and Turner, preceding 


paper) o 
C,H, Me Ph 


ee 
Va Yo 


62% 41% 47% 


From these figures it is seen that the three o/p ratios are 0-61, 
1:37, and 1-13 respectively. It is by no means clear why phenyl- 
cyclohexane should give so low an o/p ratio, although, of course, the 
cyclohexyl radical (like the tert.-butyl) may exert a considerable 
steric effect in opposition to o-substitution. This is in interesting 
contrast to the small steric effect of the phenyl and o-nitrophenyl 
radicals (Gull and Turner, loc. cit.). 

Numerous experiments were necessary before the conditions for 
mononitration of p-chloro- and p-bromo-phenylcyclohexane could be 
discovered, but the results ultimately obtained afford an instructive 
comparison with those recorded by Holleman (Proc. K. Akad. 
Wetensch. Amsterdam, 1908, 11, 257; Rec..trav. chim., 1915, 34, 283) 
for the nitration of p-chloro- and p-bromo-toluene : 


C,H, Me C,H, Me 


5% Ost 61% Os 6% 
55% Ow ote Os ay, 
Cl 


Br 


Nitration of p-chlorophenyleyclohexane occurs more in position 2 
than in the case of p-chlorotoluene, in spite of the relative o/p ratios 
for the cyclohexyl and methyl groups. At the moment there is no 
theory capable of explaining such results. p-lodophenylcyclohexane 
cannot be caused to undergo simple nitration, the main product of 
the action of nitric acid being p-iodonitrobenzene. Willgerodt and 
Hilgenberg (Ber., 1909, 42, 3832) obtained p-di-iodobenzene by 
treating diphenyl with iodine and nitric acid in light petroleum, and 
Professor Robinson has directed our attention to a paper by Mrs. 
Robinson (J., 1916, 109, 1078) in which similar results were recorded 
with derivatives of anisole. 

Nitration of phenylcyclohexane may also lead to 2 : 4-dinitro- 
phenyleyelohexane, readily oxidisable to 2: 4-dinitrobenzoic acid 
and reducible to 2 : 4-diaminophenylcyclohexane. The latter is also 
obtained by reducing 2-nitro-4-aminophenylcyclohexane, which is 
the product of nitrating p-aminophenylcyclohexane in presence of 
excess of sulphuric acid. These interconversions establish the 
constitutions of the substances involved. 
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Dinitration of p-chlorophenyleyclohexane gives a chlorodinitro. 
compound which is identical with the product obtained by nitrating 
4-chloro-2-nitrophenylcyclohexane. The dinitro-compound reacts 
with piperidine, and must therefore be either the 2:3- or the 
2: 5-derivative. Since in this reaction a chlorine atom and nota 
nitro-group is replaced, the dinitro-compound is probably 4-chloro. 
2 : 5-dinitrophenylcyclohexane (see note below). 

It was originally hoped to study the nitration of a number of 
compounds allied to phenylcyclohexane. Phenylcyclohexene could 
not be caused to undergo simple nitration under a very large variety 
of experimental conditions. Phenyleyclohexane readily condenses 
with acetyl chloride in presence of aluminium chloride to give 
p-acetylphenylcyclohexane (4-cyclohexylphenyl methyl ketone), from 
which 4-cycloherylbenzoic acid is readily obtainable by oxidation. 
The constitution of the acid was established by its synthesis from 
the nitrile obtained normally from p-aminophenylcyclohexane. 


ExPERIMENTAL. 


Phenylcyclohexane.—This substance was obtained by Kursanoft’s 
method (loc. cit.), excepting that the reaction between cyclohexy! 
chloride, benzene, and aluminium chloride was completed by a 
short heating at 100°. The yield of the pure hydrocarbon, b. p. 
115°/15 mm. or 132°/30 mm., was 76% (Kursanoff, 50%). The 
required cyclohexyl chloride was prepared by dissolving cyclo. 
hexanol in about 14 times its volume of concentrated hydrochloric 
acid, saturating the solution with hydrogen chloride, and heating it 
under reflux for 2 hours. A little cyclohexene is the only by-product, 
and the yield is 60—70%. 

p-Chlorophenyleyclohexane.—cycloHexyl chloride (62 g.) was 
slowly added to a well-shaken mixture of chlorobenzene (160 g.) and 
aluminium chloride (14 g.), which was not cooled. The yield of 
p-chlorophenylcyclohexane, a colourless liquid, b. p. 145°/19 mm., 
140°/15 mm., and 134°/10 mm., d? 1-065, nf 1-5386, was 74 g. 
(Found : Cl, 18-3. C,,H,;Cl requires Cl, 18-3%). The constitution 
of the chloro-compound was shown by oxidation: The compound 
(2 g.) was stirred with a solution of 20 g. of sodium dichromate in 
60 c.c. of water, and 45 c.c. of concentrated sulphuric acid were then 
added slowly; the temperature rose until oxidation set in, and at 
this point acid was added at such a rate that the oxidation pro- 
ceeded smoothly (unless care is exercised, the reaction becomes 
violent). After addition of the acid, the mixture was stirred for 
} hour, heated to 100°, and diluted. The precipitated p-chloro- 
benzoic acid was filtered off and crystallised from alcohol. It had 
m. p. 236°, alone or mixed with an authentic specimen of the acid. 
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The chloro-compound was also obtained in poor yield from the 
corresponding amino-compound by the Sandmeyer reaction. 
p-Bromophenylcyclohexane.—Using a method similar to that for 
the chloro-compound, we obtained the bromo-compound as a colour- 
less liquid, b. p. 160°/23 mm., d?” 1-283, n>" 1-5584, in 65% yield 
(Found: Br, 33-0. C,,H,;Br requires Br, 33-5%). Oxidation by 
the dichromate method gave a product containing chromium com- 
pounds which could only be removed with considerable difficulty ; 
p-bromobenzoic acid was, however, obtained. The bromo-compound 
was also prepared, although in poor yield, by the Sandmeyer 
reaction from p-aminophenyleyclohexane ; it had nj 1-5579. 
p-lodophenylcyclohexane.—This substance was obtained in good 
yield by adding diazotised p-aminophenylcyclohexane to potassium 
iodide solution; it is an oil, b. p. 185°/21 mm. or 174°/11 mm., 
di 1-448, n=" 15900 (Found : I, 44-2. C,,H,,I requires I, 44-4%). 

Nitration of Phenylcyclohexane.—Kursanoff (loc. cit.) cooled the 
hydrocarbon in ice and added excess of fuming nitric acid. This 
procedure is inadvisable, since with too efficient cooling the hydro- 
carbon solidifies, whereas with inefficient cooling a violent reaction 
may setin. The following methods were found suitable : 

(1) Phenyleyclohexane (58 c.c.) was slowly added to 210 c.c. of 
nitric acid (d 1-5), kept well stirred and cooled to 0°. Stirring was 
continued for a short time after the addition was complete, and the 
solution was then poured on ice, and the semi-solid product extracted 
with benzene. The extract, after being washed successively with 
water, alkali, and water, was dried over calcium chloride, and most 
of the benzene removed at ordinary pressure. The residue, b. p. 
205—225°/25 mm., was separated by repeated distillation into two 
fractions, A and B. 

(2) A saturated solution of phenylcyclohexane (100 g.) in glacial 
acetic acid (190 c.c.) was slowly added to a mixture of 375 c.c. of 
nitric acid (d 1-5) and 160 c.c. of glacial acetic acid, the temperature 
being kept at 0°. After addition was complete, the mixture was kept 
stirred for } hour, poured on ice, and worked up as before. Frac- 
tional distillation gave two fractions, A and C. 

Fraction A, b. p. 198°/16 mm. or 210°/25 mm., solidified on cooling, 
and after crystallisation from alcohol formed pale yellow plates, 
m. p. 585°. This was identical with Kursanoff’s p-nitrophenyl- 
cyclohexane, m. p. 57-5—58-5° (Found: N, 7-0. Cale.: N, 68%). 
Kursanoff oxidised his product with dilute nitric acid (35 hours at 
135—140°), but the dichromate method has been found to give 
almost quantitative yields of p-nitrobenzoic acid. 

Fraction B, b. p. 222°/15 mm., also solidified on cooling, and 
separated from alcohol in pale yellow platelets, m. p. 57° (Found : 





504 MAYES AND TURNER: THE NITRATION OF 


N, 11-9. C,,.H,,0,N, requires N, 11-2%). Oxidation with di. 
chromate gave 2 : 4-dinitrobenzoic acid, so the product was 2 : 4-di. 
nitrophenylcyclohexane. 

Fraction C, b. p. 174°/16 mm., d? 1-111, nF 1-5472, remained 
as an oil (Found: N, 7-1. Cj ,H,,O,N requires N, 6-8%). Oxid. 
ation caused complete destruction of the molecule, but the oil was 
shown to be the expected o-nitrophenylcyclohexane by its conversion 
into 2: 4-dinitrophenylcyclohexane, which was also formed from 
the p-isomeride. 

Quantitative Nitration of Phenyleyclohexane.—The nitration was 
effected in acetic acid solution (method 2, above). Over 95% of the 
product consisted of the 0, p-mixture. Its composition was deter. 
mined by three methods. 

(1) Fractional distillation. Repeated distillation under reduced 
pressure of 380 g. of the mixture gave 230 g. of pure p-compound, 
the proportion of which in the mixture is, therefore, not less than 
60%. 

(2) Oxidation. As stated above, p-nitrophenyleyclohexane is 
almost quantitatively oxidised to p-nitrobenzoic acid, whilst the 
o-isomeride is destroyed. An artificial mixture of 0-740 g. of o- 
with 1-440 g. of p-nitro-compound was oxidised by the dichromate 
method, 1-155. g. of p-nitrobenzoic acid being obtained (Calc., 
1-170 g.; 98-7% yield). When 2-145 g. and 2-490 g. of the nitration 
product were similarly oxidised in two different experiments, 
1-089 g. and 1-205 g. of p-nitrobenzoic acid were obtained, corte- 
sponding to 62-4 and 59-4% of p-nitrophenylcyclohexane, or, after 
correction on the basis of the above 98-7% yield, to 63-2 and 60-2% 
(mean, 61-7%). 

(3) Thermal analysis. Preliminary experiments showed that it 
would only be necessary to determine half of the freezing-point 
curve for mixtures of o- and p-nitrophenyleyclohexane. The 
following freezing points were observed, following the procedure 
described in a previous paper (J., 1928, 691) : 
p-Nitro-compound, % 77-8 67-7 65-4 60-5 
F. p. 44:3° 383° 357° 320" 
Three different nitration products had f. p. (1) 34°5°, (2) 34-5°, and 
(3) 32-0°, corresponding respectively to (1) 63-0%, (2) 63-0% and 
(3) 60-5°% of para-compound (mean, 62-2%%). 

p-Aminophenylcyclohexane.—Kursanoff obtained this compound, 
m. p. 54—56°, by reducing the nitro-compound with tin and hydro- 
chloric acid. We have found iron, water, and a little hydrochloric 
acid preferable as a reducing agent, giving a base of m. p. 55° in 
almost theoretical yield. The acetyl derivative melts at 12% 
(Found: N, 6-6. C,,H,ON requires N, 6-5%). 
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Nitration of p-Aminophenylcyclohexane.—The dry sulphate (11-2 
g.) of the base was dissolved in 60 c.c. of concentrated sulphuric 
acid, the solution cooled to 0°, and 3¢.c. of nitric acid (d 1-5) slowly 
added. The mixture was kept for a further } hour, poured on ice, 
and the precipitate filtered off. 2-Nitro-4-aminophenylcyclohexane, 
erystallising from alcohol in yellow leaflets, melts at 66° (Found : 
N, 128. C,,H,,0,N, requires N, 12-7%). 

2 : 4-Diaminophenylcyclohexane.—Reduction of the corresponding 
dinitro-compound by the above method with iron gave this base, 
which crystallised from alcoho] in colourless needles, m. p. 108° 
(Found: N, 14:8. C,,H,,N, requires N, 14-7%). 

Similar reduction of the above nitroamine gave the same diamine. 
The two specimens of diamine, acetylated separately, gave the same 
diacetyl compound, separating from alcohol in platelets, m. p. 268°. 

Nitration of p-Chlorophenylcyclohexane.—As stated above, the 
nitration of this compound proved very tedious, owing to the 
difficulty of securing quantitative mononitration. The comparative 
insolubility of the compounds themselves, and of the derived nitro- 
compound, added to the difficulty. 

When p-chlorophenylcyclohexane was slowly added to 8 times its 
weight of nitric acid (d 1-5), kept at 0° to —5°, 4-chloro-2 : 5-dinitro- 
phenylcyclohexane was obtained in good yield. It crystallises 
from alcohol in almost colourless plates, m. p. 92° (Found : N, 10-1; 
Cl, 12-3; M, in camphor, 288. C,,H,,0,N,Cl requires N, 9-9; 
Cl, 12-5%; M, 284-5). When warmed with piperidine for a short 
time, it gave 2: 5-dinitro-4-piperidinophenylcyclohexane, which 
crystallised from dilute acetic acid in orange-yellow plates, m. p. 
108° (Found : N, 12-8. C,,H,,0,N, requires N, 12-6%). 

When a solution of 5-3 g. (5 c.c.) of p-chlorophenylcyclohexane in 
5 c.c. of glacial acetic acid was added gradually to a mixture of 20 
cc. of nitric acid (d 1-5) and 7 c.c. of glacial acetic acid at 5—10°, 
almost quantitative mononitration occurred. The resulting solution, 
after being kept at 10° for a short time, was poured on ice, and the 
whole then extracted with ether. The extract was washed with 
water, with alkali, and again with water, dried, and freed from 
solvent by heating at 100°. The residual oil, A, was analysed 
(Found: Cl, 14:5. C,,H,,0,NCI requires Cl, 14-8%). A portion 
of it was heated for 2—3 hours at 100° with excess of piperidine, 
which reacted with the 3-nitro- but not with the 2-nitro-compound. 
The reaction product was treated with water and extracted with 
benzene; the extract was shaken three times with 60% sulphuric 
acid to remove piperidine and the piperidino-derivative, then washed 
with water, dried, and freed from benzene by evaporation. The 
‘-chloro-2-nitrophenylcyclohexane so obtained was dissolved in excess 
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of nitric acid (d 1-5), the solution kept for several hours, and then 
rapidly diluted. The semi-solid precipitate, after being crystallised 
from alcohol, had m. p. 90°5—91-5°, and when mixed with the 
above 4-chloro-2 : 5-dinitrophenyleyclohexane had m. p. 90-5—92°, 
Further, when it was heated with piperidine, it gave the above 
dinitropiperidino-compound, m. p. 105—106-5°, a mixture with the 
specimen obtained as above melting at 105—107-8°. p-Chloro. 
phenyicyclohexane was apparently not nitrated by ordinary nitric 
acid (d 1-42), but slowly darkened in colour. By vigorously stirring 
the chloro-compound (2-1 g.) with 10 c.c. of nitric acid (d 1-48) at 0° 
for 1} hours, a product, B, was obtained containing Cl, 14-79%, 
corresponding to almost quantitative mononitration. 

In order to determine the relative proportions of 2- and 3-nitro. 
compounds present in A and B, one of two methods was employed. 
A number of samples corresponding to A and B were actually 
examined, but the results obtained with one sample of each origin 
are alone given. 

Method 1. A weighed sample of the nitration product was heated 
with excess of piperidine on a water-bath for 2—3 hours. Distilled 
water was then added, the mixture thoroughly extracted with 
benzene, and the aqueous solution of piperidine hydrochloride 
analysed. This method was more tedious than the following. 

Method 2. The nitration product was weighed into a small wide- 
necked flask, which was fitted with a cork through which passed a 
* soda-lime tube (to prevent formation of piperidine carbonate and 
carbamate) and a small funnel. Piperidine was added through the 
funnel, which was then stoppered to prevent ingress of air. The 
flask was heated for 2—3 hours as before, allowed to cool, and pure 
dry benzene was added through the funnel. The precipitated 
piperidine hydrochloride was collected on a Gooch crucible, washed 
with benzene, and dried at 100°. 

Analysis of A. Method 1. 2-2430 G. and 1-6064 g. of the 
nitration product gave 0-7605 g. and. 0-5382 g. of AgCl, whence 
3-nitro-compound = 56-6 and 56-0%. 

Method 2. 1-0420 G. gave 0-2975 g. of piperidine hydrochloride, 
whence 3-nitro-compound = 56-3%. 

Analysis of B. 0-5727, 0-6209, and 0-5405 G. of B gave respec- 
tively 0-1610, 0-1743, and 0-1521 g. of piperidine hydrochloride, 
whence 3-nitro-compound = 55-4, 55-3, and 55-5%,. 

A large number of check nitrations, in which incomplete mono- 
nitration occurred, gave results which supported the above figures. 

Nitration of p-Bromophenylcyclohexane.—5 G. of the bromo- 
compound were stirred with 20 c.c. of nitric acid (d 1-475) for 1} 
hours at 0°. The product, isolated as in the case of the chloro- 
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compound, contained Br, 28-3% (calc. for mononitro-compound : Br, 
282%). Reactive bromine was determined as piperidine hydro- 
bromide : 0-4190 g. and 0-5600 g. gave 0-0893 g. and 0-1204 g. of 
the hydrobromide, whence 3-nitro-compound = 36-5 and 36-8%. 

In another experiment, 2-55 g. of the bromo-compound were 
stirred with 10 c.c. of nitric acid (d 1-48) for 1} hours at 0°. The 
product contained 28-7% Br, and 0-4100 g. and 0-5010 g. gave 
respectively 0-0911 g. and 0-1172 g. of piperidine hydrobromide, 
whence 3-nitro-compound = 38-0 and 40-0%. The most probable 
value from these experiments is 38%. 

As in the case of the chloro-compound, numerous check experi- 
ments were performed. 

Nitration of p-lodophenylcyclohexane.—The iodo-compound (2:9 
g.; 2.c.c.) was gradually added to 10 c.c. of nitric acid (d 1-48), kept 
stirred at 0°. The dark liquid obtained was poured on ice, the 
whole was extracted with ether, and the extract washed with alkali, 
which became red. Routine procedure then gave the nitration 
product as a dark orange oil which, when kept, deposited crystals. 
These crystallised from alcohol in very pale yellow needles, m. p. 
172°, and were identified as p-iodonitrobenzene (analysis, m. p., 
mixed m. p., and conversion into p-nitrophenylpiperidine). 

p-Acetylphenylcyclohexane.—Aluminium chloride (11-3 g.) was 
gradually added to a mixture of 15-8 g. of phenylcyclohexane, 5 g. of 
acetyl chloride, and 63 c.c. of carbon disulphide. When the 
vigorous reaction had abated, the mixture was heated on the water- 
bath for 4 hour and then treated with dilute hydrochloric acid. 
The carbon disulphide layer on evaporation gave a solid which 
crystallised from alcohol in lustrous white plates, m. p. 68—69° 
yield, 60%). The phenylhydrazone, yellow plates from alcohol, 
m. p. 105°, became black when kept (Found: N, 9-9. C,9H,,N, 
requires N, 9-6%). 

Neutral potassium permanganate was without marked action on 
the ketone, but when a suspension of 2 g. of the latter in a solution 
of 3:2 g. of potassium permanganate and 3 g. of sulphuric acid in 
0 c.c. of water was boiled, terephthalic acid was formed. 

p-cycloHexylbenzoic Acid.—A suspension of the ketone in excess 
of dilute aqueous sodium hypobromite was boiled, further hypo- 
bomite being added from time to time until the oil present did not 
vlidify on cooling. The cooled mixture was extracted with benzene 
remove bromoform, and then concentrated to a small bulk. 
‘dium p-cyclohexylbenzoate separated in white needles (Found : 
ta, 10-4. C,3H,,O,Na requires Na, 10-2%). The free acid 
tystallised from alcohol in minute plates, m. p. 199°. It was also 
tbtained as follows: p-Aminophenyleyclohexane was diazotised, 
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and the solution added to sodium cuprocyanide; the nitrile s 
formed was partially purified by distillation in steam and then 
boiled with alcoholic potassium hydroxide. Acidification of the 
product gave a solid, which, after two crystallisations from alcohol, 
was identical with the above acid. 

Note, added January 24th, 1929.—Although the constitution of the 
above dinitro-derivative of p-chlorophenyleyclohexane was not 
seriously in doubt, the following additional evidence in its favour 
has now been obtained. 

The chlorodinitro-compound was reduced with iron filings, water, 
and a little acetic acid at 100°. When the reaction was over, excess 
of precipitated calcium carbonate was added, and the whole was 
extracted with ether. On evaporation of the ethereal solution, an 
oil resulted which rapidly solidified; after being crystallised from 
dilute alcohol, it had m. p. 92—93°, and after being further crystal- 
lised from light petroleum (b. p. 60—80°) formed almost colourless 
needles (tending to form rosettes), m. p. 95—96° (Found : Cl, 15-4. 
C,,H,,N,Cl requires Cl, 15-8%). This substance is therefore 
4-chloro-2 : 3 (or 5)-diaminophenylcyclohexane. 

A saturated alcoholic solution of an equimolecular mixture of the 
diamine and phenanthraquinone was boiled under reflux for 4 hours. 
The solution darkened considerably, but no separation of solid 
occurred even after cooling, and this points to the absence of an 
o-diamine structure. 

The diamine formed a sparingly soluble hydrochloride, the aqueous 
solution of which was readily diazotised. The diazo-solution coupled 
with alkaline $-naphthol to give a purple azo-derivative, thus 
indicating the presence of a p-diamine and the absence of an o0-di- 
amine. 

When the diamine was warmed with either manganese dioxide or 
potassium dichromate and dilute sulphuric acid, an odour resen- 
bling that of a p-quinone was developed, affording evidence against 
an o-diamine structure. 

The diamine is therefore 4-chloro-2 : 5-diaminophenylcyclohexane, 
and the dinitro-compound has the constitution originally assigned 
to it. 


One of us is indebted to the Research Fund Committee of the 
Chemical Society for a grant in aid of this investigation. 


East Lonpon COLLEGE, 
UnIvERSITY OF LONDON. [Received, December 31st, 1928.] 
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LXXV.—The Nitration of 4-Chloro-4'-bromo-benzo- 
phenone and -diphenylsulphone, and the Attempted 
Nitration of 4-Chloro-4'-bromodiphenyl. 


By LESLIE GEORGE GROVES and Eustace EBENEZER TURNER. 


In extension of our studies of nitration of diphenyl derivatives on 
the one hand (Le Févre and Turner, J., 1928, 963, etc.) and of 
mixed dihalogeno-derivatives on the other (Mayes and Turner, 
ibid., p. 691), we have investigated the nitration of two compounds 


of the general formula 1 >-K—< Br. In both com- 


pounds, X is a meta-orienting group, viz., carbonyl or sulphonyl, 
and therefore nitration occurs ortho to one halogen or to the other, 
but not elsewhere. In view of the improbability that the group X 
will transmit any influences from one nucleus to the other, the results 
supply information as to the relative rates of nitration in positions 
ortho to chlorine and to bromine in presence of a constantly acting 
meta-directing para-substituent. 

4-Chloro-4'-bromobenzophenone is nitrated to the extent of 51% 
in position 3 and 49% in position 3’; the values for the nitration 
of 4-chloro-4'-bromodiphenylsulphone are 34 and 66%, respectively. 
These results are evidently connected with the facts that benzo- 
phenone is nitrated readily and diphenylsulphone tardily, and that 
bromobenzene is nitrated more rapidly than chlorobenzene (Ingold 
and Shaw, J., 1927, 2918), and has a higher o/p ratio than the 
latter (Holleman, Rec. trav. chim., 1900, 19, 188, 364; 1905, 24, 
146; 1913, 32, 134). 

We have also attempted to study the quantitative dinitration of 
4.chloro-4’-bromodiphenyl, but this substance undergoes degradation 
when submitted to conditions which lead, in the case of 4: 4’- 
dichloro- or -dibromo-diphenyl, to almost quantitative 2 : 3’- 
dinitration. 


EXPERIMENTAL. 


4-Chloro-4’ -bromobenzophenone.—Chlorobenzene (32 g.) was slowly 
added to a gently boiling mixture of 100 g. of carbon disulphide, 
i0 g. of p-bromobenzoy] chloride, and 32 g. of anhydrous aluminium 
chloride, and boiling was continued for 2 days. Water and a little 
hydrochloric acid were then added and the mixture was freed from 
carbon disulphide and chlorobenzene by steam distillation. The 
residual solid (25 g.) was crystallised several times from alcohol. 
-Chloro-4'-bromobenzophenone forms very pale brownish plates, 
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m. p. 150° (corr.) (Found: AgCl + AgBr, 0-2230 g. C,,H,OCIB; 
requires AgCl + AgBr, 0-2224 g.). 

Nitration of 4-Chloro-4'-bromobenzophenone.—To a solution of 
3-0 g. of the ketone in 15 c.c. of concentrated sulphuric acid kept 
at —5°, was slowly added a solution of 1 g. of potassium nitrate in 
5 ¢e.c. of concentrated sulphuric acid. When addition was con. 
plete, the cooling bath was removed, and the temperature of the 
nitration mixture rose slowly to 21° before reverting to the temper. 
ature of the room. The mixture was poured on ice, and the pre. 
cipitated solid collected, washed with boiling water, and dried (3-3 ¢,) 
(Found: AgCl-+ AgBr, 0-2236 g. Cale. for C,,H,O,NCIBr: 
AgCl + AgBr, 0-2235 g.). 

The mixture of mononitro-derivatives so obtained (0-2472 g) 
was heated at 100° for an hour with excess of piperidine. Water 
was then added, and the precipitated mixture of piperidino-deriy. 
atives was filtered off. The filtrate and washings were acidified 
with dilute nitric acid, and the mixed halogen displaced by piper- 
dine was determined (Found: AgCl + AgBr, 0-1208 g.; atomic 
ratio of halogen displaced, Cl: Br = 48-8 : 51-2). 

A second experiment with the same quantities of material gave 
AgCl + AgBr, 0-1191; Cl: Br = 53:8:46-2. Hence, in mean, 
3-nitration = 51-3%, and 3’-nitration = 48-7%. 

4 - Chloro - 4' - bromodiphenylsulphone.—Anhydrous  ahiminium 
chloride (1-3 mols.) was slowly added to a mixture of p-chloro- 
benzenesulphonyl chloride (1 mol.) and bromobenzene (2 mols.). 
The whole was heated on a steam-bath for 2 hours, cooled, poured 
on ice, and treated with hydrochloric acid. Bromobenzene was 
removed in a current of steam, and the residual solid thoroughly 
extracted with alkali to remove unchanged sulphonyl chloride; 
after being crystallised thrice from alcohol, it formed glistening 
white needles, m. p. 157° (corr.) (Found: AgCl 4- AgBr, 0-1896 g. 
C,.H,0,CI1BrS requires AgCl + AgBr, 0-1888 g.). 

Nitration of 4-Chloro-4'-bromodiphenylsulphone.—A solution of 
3-315 g. of sulphone in 40 c.c. of concentrated sulphuric acid was 
slowly treated at the ordinary temperature with a solution of 1-01 g. 
of potassium nitrate in 20 c.c. of concentrated sulphuric acid (1 ¢.. 
of acid being used for washing). The temperature rose slowly to 
22°, and when it had fallen, the solution was poured on ice and the 
precipitate was filtered off, washed repeatedly with warm water, 
and dried. It melted under hot water, but solidified on cooling 
(3:70 g.) (Found: AgCl-+ AgBr, 0-1550 g.; BaSO,, 0-110] ¢. 
Cale. for C,.H,O,NCIBrS: AgCl-+ AgBr, 0-1559 g.; BaS0, 
0-1098 g.). 

The ratio of reactive chlorine to reactive bromine was determined 
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by the method used above. In one experiment, 0-3001 g. gave 
0-1386 g. of AgCl+ AgBr; Cl: Br = 31-4:68-6. In a second 
experiment, 0-4215 g. gave 0-1927 g. of AgCl + AgBr; Cl: Br = 
35-5: 64:5. Mean, Cl: Br = 33-5: 66-5. 

Dinitration of 4-Chloro-4'-bromodiphenylsulphone.—Nitric acid 
(d 1-5; 25 ¢.c.) was added to a solution of 5 g. of the sulphone in 
25c.c. of warm concentrated sulphuric acid. The mixture was heated 
on the steam-bath for an hour. 4-Chloro-4’-bromo-3 : 3’-dinitro- 
diphenylsulphone gradually separated, and in due course the solution 
was cooled, diluted, and filtered. The m. p., 219° (corr)., was not 
raised by crystallisation from glacial acetic acid, from which solvent 
the sulphone separated in pale yellow prisms (Found : AgCl + AgBr, 
01231 g. C,,.H,O,N,CIBrS requires AgCl + AgBr, 0-1235 g.). It 
reacted readily with boiling piperidine to give 3 : 3’-dinitro-4 : 4’- 
dipiperidinodiphenylsulphone, identical with an authentic specimen 
of this substance (Le Févre and Turner, J., 1927, 1113). 

4- Chloro - 4’ - bromodiphenyl.—4 - Chloro - 4’ - aminodiphenyl (Le 
Févre and Turner, J., 1928, 245) was diazotised in hydrochloric acid 
solution, and bromine, dissolved in hydrobromic acid, added. The 
perbromide separated as a bright red crystalline solid, which, 
after being washed, was suspended in glacial acetic acid. On 
heating, normal decomposition took place, and the solution on 
cooling deposited pale brownish needles of 4-chloro-4'-bromodiphenyl, 
which, after being crystallised three times from glacial acetic acid, 
had m. p. 147° (corr.) (Found: AgCl + AgBr, 0-2220, 0-2506 g. 
C,.H,C1Br requires AgCl + AgBr, 0-2216, 0-2476 g.). 

When 2 g. of the chlorobromodiphenyl were added to 30 g. of 
nitric acid (d 1-5) at the ordinary temperature, a deep purple solution 
was obtained. On gentle warming, the colour faded. The resulting 
yellowish-brown solution was cooled and slowly diluted with water. 
About 1-2 g. of a gummy, pale yellow solid were obtained, the 
composition of which could not be determined. Similar products 
were obtained when different nitration conditions were employed. 


We beg to acknowledge the allocation to one of us of a grant by 
the Research Fund Committee of the Chemical Society. 


East LonDON COLLEGE, 
UNIVERSITY OF LONDON. [Received, December 31st, 1928.] 
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LXXVI.—The Scission of Diaryl Ethers and Relaied 
Compounds by Means of Piperidine. Part II, 
The Nitration of 2:4:4'-Trichlorodiphenyl Ether, 
and of 2: 4-Dichlorophenyl p-Toluenesulphonate and 
Benzoate. 


By Leste GrorGE Groves, Evstacrk EBENEZER TURNER, 
and (in part) GLapys IRENE SHARP. 


Ir, as Flirscheim contends, residual affinity is a sufficiently descrip. 
tive name for the main origin of the factors controlling benzene 
substitution, then, since the phenoxyl group is very weakly direct- 
ing (Lea and Robinson, J., 1926, 411), 2: 4: 4’-trichlorodiphenyl 
ether (1) might be expected to undergo a certain, although not 
necessarily a large, amount of nitration in position 3’ in nucleus B. 
For, according to Fliirscheim’s view, the effect of the chlorine atoms 
in positions 2 and 4 will be to release an extra amount of affinity in 
position 1, so that in effect the oxygen atom is much less unsaturated 
than it would be in dipheny] ether or in 4 : 4’-dichlorodipheny] ether, 
and therefore, on the residual-affinity view, it is even more weakly 
directing than the oxygen atom in diphenyl ether itself, and 
approaches, in fact, the directive power of a chlorine atom. On the 
other hand, on Robinson’s view of orientation effects, the conjugation 
of the oxygen atom will be decreased as a result of the presence of 
the two chlorine atoms in nucleus A, and further decreased owing 
to the presence of the 4’-chlorine atom. Its directive power should 
therefore be increased, and the trichloro-ether would not be expected 
to undergo nitration at all in position 3’. At the same time, how- 
ever, the absence of 3’-nitration could not be put forward as 
necessarily invalidating Fliirscheim’s theory, owing to the com- 
plexity of the case in question. 


(L) ee Ge x et ge” “ay (IL) 
| Cl 0, 


The trichloro-ether was readily obtained from 4 : 4’-dichloro-2- 
aminodiphenyl ether by the Sandmeyer reaction, which has otherwise 
(see Experimental) given unsatisfactory results in this series, as 
has also the Gattermann reaction. The amino-ether was obtained 
from 4 : 4’-dichloro-2-nitrodiphenyl ether. 

2:4: 4’-Trichlorodipheny] ether was dinitrated with unexpectedly 
great readiness, but when, by control of the conditions, mononitration 
was effected, it took place quantitatively in the 2’-position, the 
constitution of the product following from its ready scission by means 
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of piperidine into 2: 4-dichlorophenol and 4-chloro-2-nitrophenyl- 
piperidine (compare Le Févre, Saunders, and Turner, J., 1927, 1168). 

The dinitro-derivative, which was not accompanied by any 
isomerides, reacted with piperidine to give a mixture of products, 
amongst which 4-chloro-2-nitrophenylpiperidine and piperidine 
hydrochloride were recognised (see below), so the second nitro- 
group must have entered position 3 or 5 in nucleus A. This be- 
haviour was sufficiently unexpected to merit further investigation, 
and we accordingly studied first the nitration of the more readily 
accessible 2 : 4-dichloro-2’ : 4’-dinitrodiphenyl ether (II); this was 
readily mononitrated to give a dichlorotrinitro-ether, unaccompanied 
by isomerides, which was converted by boiling piperidine into 
2:4-dinitrophenylpiperidine and a dichloronitrophenol, or by 
boiling aniline into the latter and 2 : 4-dinitrodiphenylamine. The 
phenol, although not identical with the known 2: 4-dichloro-6- 
nitrophenol, and therefore containing a chlorine atom and a nitro- 
group ortho to each other, did not react with piperidine. The 
trinitro-ether was evidently (Ii) or (IV), and although (IIT) appeared 
the more probable, the complete absence of chlorine reactivity on 


NO 
(aL, a oO, Osan SD av.) 


the part of the ether itself made it essential to prove the non- 
validity of (IV), in which the activating effect of the nitro-group 
would possibly be masked owing to steric influences. The proof, 
however, presented unexpected difficulties. 

For example, it was anticipated that 2 : 4-dichloro-5-nitroaniline 
would be convertible by the diazo-method into 2 : 4-dichloro-5- 
nitrophenol, but we have been unable to effect this change. The 
base, previously obtained in small yield by Kérner and Contardi 
(Atti R. Accad. Lincei, 1909, 18, 93), is readily obtainable by 
hydrolysing its phthalyl derivative, which is formed in almost 
quantitative yield by nitrating N-2 : 4-dichlorophenylphthalimide 
(compare Brady, Quick, and Welling, J., 1925, 127, 2264). 

Again, it did not appear improbable that dichlorination of m-nitro- 
phenol would give, as one product, 2: 4-dichloro-5-nitrophenol. 
Actually, the main, if not the only, product was 2 : 4-dichloro-3- 
nitrophenol, identified as follows: its p-tolwenesulphonyl derivative 
is reducible to an amino-compound, and replacement of the amino- 
group by a chlorine atom, followed by hydrolysis of the p-toluene- 
sulphonyl group, gives 2:3: 4-trichlorophenol. Holleman (Rec. 
trav. chim., 1920, 39, 740) obtained the benzoate (m. p. 141°) of this 
phenol, but not the substance itself. We have now found that 
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2 : 3: 4-trichlorophenol is the chief product when 3 : 4-dichlorophenol 
is monochlorinated, a result of considerable interest. Again, the 
above result of chlorination of m-nitrophenol is somewhat unexpected 
in view of the fact that m-nitroaniline is dichlorinated in the 2: 6. 
and the 2 : 4-positions (Kérner and Contardi, loc. cit.). The con. 
stitution of the 2:3: 4-trichlorophenol now described follows by 
exclusion (apart from the evidence of the m. p. of our benzoate, 
viz., 143°), since the method used to produce it could only give 
2:3:4-, 2:3:6-, or 2:4:5-trichlorophenol. Of these, the last 
was in our possession (see below) and the benzoate of the 2:3: 6. 
compound melts at 90° (Holleman, /oc. cit.). 

The constitution of the above dichloronitrophenol had therefore 
to be proved by a less direct method. It was anticipated that since 
(II) was nitrated in the meta-position (nucleus A), 2 : 4-dichloro. 
phenyl p-toluencsulphonate (V) would behave similarly. This was 


Cl 


cl 
Pa rh Me cK 080, Me 
Cl (VI.) 


found to be the case, for nitration of (V) gave a dinitro-compound, 
which was converted by boiling piperidine into the above dichloro- 
nitrophenol and _ 1-0-nitro-p-toluenesulphonylpiperidine, the con- 
stitution of which was proved by synthesis. Reduction of the 
dichlorodinitro-compound gave a diamino-compound which was 
converted in turn into a tetrachloro-compound. The latter, when 
boiled with piperidine, gave a trichlorophenol, the properties of 
which agreed with those recorded by Holleman for the 2: 4:5- 
compound. In view of the method by which Holleman obtained 
this phenol (loc. cit.), it was thought desirable to seek independent 
evidence as to its properties. This has been done as follows: 
2 : 5-dichlorophenol, which on monochlorination would be expected 
to give either 2:4: 5- or 2:3: 6-trichlorophenol, gives the same 
trichlorophenol as that just mentioned. Additional proof of the 
constitution was obtained by establishing the identity of the latter 
with the phenol resulting by the diazo-method from 2 : 4: 5-tri- 
chloroaniline. 

It follows from this that the tetrachloro-sulphonate was (VI) 
and that the dinitro-compound from which it was obtained was 
(VII), so that the dichloronitrophenol is 2 : 4-dichloro-5-nitrophenodl, 
and the dichlorotrinitrodipheny] ether is (III) and not (IV). 


NO, NO, NO 


2 
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It would therefore appear probable that the dinitro-derivative of 
(I) is (VIII). This substance was readily reduced to the corre- 
sponding diamino-compound, but attempts to replace the amino- 
groups by chlorine atoms led to inseparable mixtures. Endeavours 
to synthesise the expected pentachloro-ether (for seeding purposes) 
were similarly unsuccessful. 4 : 5-Dichloro-1 : 2-dinitrobenzene was 
readily converted by potassium p-chlorophenoxide into 4:5: 4’- 
5 irichloro-2-nitrodiphenyl ether, nitration of which gave 4:5: 4’- 
trichloro-2 : 2'-dinitrodiphenyl ether, reducible to a diamino-com- 
pound, but the latter could not be converted into the desired 
pentachloro-ether. Similarly, interaction of the above dichloro- 
dinitrobenzene with potassium 2 : 4-dichlorophenoxide produced 
4:5: 2" : 4'-tetrachloro-2-nitrodiphenyl ether, also reducible to an 
amine, but the latter, again, did not react normally under the con- 
ditions of a Sandmeyer or Gattermann replacement. 

The formation of piperidine hydrochloride when the dinitro- 
derivative of (1) was heated with piperidine, and the non-formation 
of this hydrochloride when (IIT) was so treated, could be explained 
by assuming that activation of the 4-chlorine atom (formula VIII) 
by the 5-nitro-group was of an order similar to the activation of the 
oxygen-C,. linkage by the 2’-nitro-group, so that some scission and 
some replacement of chlorine by piperidine resulted. Introduction 
of a third nitro-group into (VIII) in position 6’ should make scission 
much more rapid than replacement of chlorine. The dinitro- 
compound can be nitrated to give a trichlorotrinitrodiphenyl ether, 
which is very readily converted into 2 : 4-dichloro-5-nitrophenol, 
together with a chlorodinitrophenylpiperidine. The readiness of 
formation of the latter substance suggested that it is 4-chloro-2 : 6- 
dinitrophenylpiperidine, but this compound, prepared for the 
purpose by treating 4-chloro-2 : 6-dinitroanisole with piperidine, 
had entirely different properties, so that its isomeride must be 
either 4-chloro-2 : 5- or 4-chloro-2 : 3-dinitrophenylpiperidine. It 
seems extremely unlikely that the original nitration could have 
occurred in the position, viz., 3’ in (VIII), corresponding to the 
production of 4-chloro-2 : 3-dinitrophenylpiperidine, and also that 
the trichlorotrinitro-ether would have undergone scission prior to 
replacement of a nitro-group by piperidine. It therefore appears 
certain that the ether in question is 2:4: 4’-trichloro-5 : 2’ : 5’- 
rinitrodiphenyl ether, but in any case the formation of 2 : 4-di- 
thloro-5-nitrophenol in the seission of the trinitro-ether shows 
that the dinitro-ether is (VIII). Further investigation of the 
ation of piperidine on the latter showed that 76% of this 
substance undergoes replacement of chlorine by piperidine (it 
bing assumed that only the 4-chlorine atom reacts), and 
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2 : 4-dichloro-5-nitrophenol was actually isolated from the scission 
mixture. 

Finally, we have studied the nitration of 2 : 4-dichloropheny! 
benzoate, and found that this substance, when dinitrated, gives 
2 : 4-dichloro-5-nitrophenyl m-nitrobenzoate, accompanied apparently 
by traces of the o- and p-nitrobenzoates, but unaccompanied by the 
3- or the 6-nitro-compound. For the benzoate of 2 : 4-dichloro-5. 
nitrophenol is nitrated to give a product of the same composition, 
and the main constituent of either nitration product is identical with 
the product of the m-nitrobenzoylation of 2 : 4-dichloro-5-nitro. 
phenol, but distinct from 2 : 4-dichloro-6-nitrophenyl m-nitrobenzoate. 

The monohalogenation of m-nitrophenol and the nitration of 
ethers analogous to those described above are under investigation. 


EXPERIMENTAL. 


Preparation of 2: 4-Dichlorophenol——We have found that this 
substance is most readily obtained from p-chlorophenol. Chlorine 
was passed into a cooled solution of 128-5 g. of the latter substance 
in 500 c.c. of glacial acetic acid, until the required increase in weight 
was obtained. The product was then distilled, and 129 g. of 2:4 
dichlorophenol (b. p. 209—211°) were obtained (yield, 80%). 
o-Chlorophenol may be used instead of p-chlorophenol. 

2 : 4-Dichlorophenyl p-toluwenesulphonate is readily formed by the 
normal method, and crystallises from alcohol in rhombohedral 
prisms, m. p. 125° (Found: Cl, 22-4. (C,;H,90,CI,8 requires 
Cl, 22-4%). 

Nitration of 2:4-Dichlorophenyl p-Toluenesulphonate.—The sul- 
phonate (30 g.) was added in small quantities to 300 c.c. of nitric 
acid (d 1-5), with water-cooling. After 30 minutes, the solution 
was poured on ice, and the resulting solid washed with boiling 
water. 2: 4-Dichloro-5-nitrophenyl —_o-nitro-p-tolwenesulphonate 
separates from alcohol in colourless prisms, m. p. 103° (Found: 
Cl, 17-3. C,3H,0,N,CLS requires Cl, 18-0%). 

2: 4-Dichloro-5-aminophenyl 0-Amino-p-toluenesulphonate.—The 
preceding dinitro-compound was reduced by iron powder, water, 
and a little acetic acid. The diamino-compound forms colourless 
tooth-shaped needles from alcohol—acetone, and has m. p. 159—161° 
(Found: Cl, 19-8. ©,,;H,.0,N,C1,S requires Cl, 20-4%); it is 
diazotised readily, and the resulting solution couples normally with 
8-naphthol. The base does not condense with salicylaldehyde in 
boiling alcoholic solution, but does so at the b. p. of the aldehyde. 

Isolation of 2 : 4 : 5-Trichlorophenol.—The diamino-compound was 
diazotised in dilute hydrochloric acid, the resulting solution being 
added to cuprous chloride—-hydroehloric acid. After normal 





DIARYL ETHERS AND RELATED COMPOUNDS, ETC. PART 1. 517 


procedure, the tetrachloro-sulphonate was obtained as a red gum, 
which was not further purified. It was heated under reflux for 
3hours with piperidine. The resulting solution was then rendered 
srongly acid, and distilled in a current of steam. The oil passing 
over solidified on cooling, and had m. p. 66—67° (Found : Cl, 54:2. 
(ale.: Cl, 540%). 2:4:5-Trichlorophenol forms a sparingly 
soluble potassium salt. The benzoate obtained from our specimen 
of the phenol melted at 91—92° (compare Holleman, Joc. cit.). 

Chlorination of 2: 5-Dichlorophenol.—The phenol was dissolved 
in three times its weight of glacial acetic acid, in which the 
necessary amount of anhydrous sodium acetate had previously 
been dissolved. Chlorine was passed through the cooled solution 
util the required increase in weight was obtained, and water was 
then added. The precipitated 2 : 4 : 5-trichlorophenol was purified 
by sublimation, and then had m. p. 66—67°. The benzoate melted 
at 91—92°. 

Preparation of 2:4:5-T'richlorophenol from 2:4: 5-Trichloro- 
aniline —This was satisfactorily effected by the method described 
by Noelting and Kopp (Ber., 1905, 38, 3506) for the conversion of 
2:5-dichloroaniline into 2: 5-dichlorophenol. The specimen of 
trichlorophenol obtained had m. p. 66—67° (benzoate, m. p. 91—92°). 
Mixtures of any two of the various preparations of trichlorophenol 
also melted at 66—67°. 

1-p-Toluenesulphonylpiperidine and 1-0-Nitro-p-toluenesulphonyl- 
viperidine.—Piperidine readily reacted with -toluenesulphonyl 
chloride or with its o-nitro-derivative in aqueous alkaline suspen- 
sion. 1-p-Toluenesulphonylpiperidine crystallises from alcohol in 
colourless needles, m. p. 103° (Found: §8, 13-7. C,,H,,0,NS 
requires §, 13-4%). 1-0-Nitro-p-toluenesul phonyl piperidine 
separates from alcohol in pale greenish-yellow prisms, m. p. 112° 
(Found : 8, 12-4. C,,.H,,0,N.8 requires 8, 12-1%). 

Action of Piperidine on 2: 4-Dichloro-5-nitrophenyl o-Nitro-p- 
foluenesulphonate.—The latter compound was heated with one- 
hird of its weight of piperidine for 1-5 hours at 100°. No separation 
of piperidine hydrochloride occurred, showing that hydrolysis of the 
sulphonate group takes place much more rapidly than replacement 
ofchlorine. The red solution was treated with dilute alkali, and the 
il which separated soon became solid, and after crystallisation 
tom alcohol had m. p. 112° either alone or when mixed with a 
specimen of synthetic 1-o-nitro-p-toluenesulphonylpiperidine. The 
ukaline mother-liquor was acidified, and the resulting precipitate 
crystallised from water (Found: Cl, 34-1. Cs5H,0,NCl, requires 
I, 34:1%). 2:4-Dichloro-5-nitrophenol forms almost colourless 
leedles, m. p. 105—106°. ‘The potassium salt is sparingly soluble. 

T 
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N-2 : 4-Dichlorophenylphthalimide.—2 : 4-Dichloroaniline (132 g,) 
was treated with powdered phthalic anhydride (124 g.), and the 
mixture heated at 200° for an hour. The still molten material was 
poured into 300 c.c. of cold alcohol, and when the resulting solution 
cooled, the required phthalimide crystallised out. It was recrystal- 
lised from alcohol, and then formed colourless prisms, m. p. 155° 
(Found : Cl, 24-4. C,,H,O,NCI, requires Cl, 243%) (yield, 195 g,). 

2 : 4: Dichloro-5-nitroaniline—To a solution of 190 g. of the di- 
chlorophenylphthalimide in 1 litre of concentrated sulphuric acid 
were slowly added 34-5 c.c. of nitric acid (d 1-5), the temperature 
being kept below 30°. The solution obtained was poured on ice, and 
the precipitate collected and washed (208 g.). N-2 : 4-Dichloro-i. 
nitrophenylphthalimide crystallises from cyclohexanone in pale 
yellow octahedra, m. p. 217—219° (Found : Cl, 20-8. C,,H,0,N,Ci, 
requires Cl, 21-1%). The phthalimide (200 g.) was heated at 120° 
for 30 minutes with 1 litre of 90% sulphuric acid, the solution was 
cooled, poured into excess of ammonia containing ice, and the pre- 
cipitated base collected. After purification it had the properties 
recorded by. Kérner and Contardi (loc. cit.) (Found: Cl, 343. 
Cale. : Cl, 34-39%). It was found impossible to prepare the base by 
nitrating 2: 4-dichloroaniline in excess of concentrated sulphuric 
acid at. —15°. 

Diazo-solutions obtained from the base in either dilute or con- 
centrated hydrochloric acid, or in dilute’ or moderately concentrated 
sulphuric acid, were heated under a variety of conditions. In two 
cases copper sulphate was added, but in no case could 2 : 4-dichloro- 
5-nitrophenol be isolated. 

2 : 4-Dichloro-2’ : 4’-dinitrodiphenyl Ether—When 40 g. of |- 
chloro-2 : 4-dinitrobenzene were added to a solution of 32 g. of 
2:4-dichlorophenol in 11 g. of potassium hydroxide, previously 
dissolved hot in about 0-5 c.c. of water, rapid interaction occurred, 
and after the mixture had been kept at 100° for } hour, water was 
added. The solid obtained was ground with dilute alkali solution 
and washed with water. It crystallised from glacial acetic acid 
in very pale greenish-yellow leaflets, m. p. 118—119° (Found: 
Cl, 21-6. C,,H,O;N,Cl, requires Cl, 21-6%). 

Nitration of 2:4-Dichloro-2' : 4’ -dinitrodiphenyl Ether—10 6. 
of the ether were added slowly to 100 c.c. of nitric acid (d 1:3). 
without cooling. After one hour, the clear solution was poured 
into excess of water. The resulting precipitate crystallised fom 
90% acetic acid in colourless rhombohedra, m. p. 128° (Found: 
Cl, 18-9. C,,.H;0,N,Cl, requires Cl, 19-1%). 

Scission of 2: 4-Dichloro-5 :.2' :4'-trinitrodiphenyl Ether. —(0) 
With piperidine. A mixture of 18-5 g. of the trinitro-compound 
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with 22 g. of piperidine was heated at 100° for 2 hours. No piperidine 
hydrochloride separated. The solution was diluted and ‘rendered 
strongly alkaline, and the precipitated 2 : 4-dinitrophenylpiperidine 
was collected and extracted with benzene until no more coloured 
product wasremoved. ‘The aqueous solution was freed from benzene 
by heating at 100°, cooled, and slowly acidified. The almost 
colourless precipitate was dried, and crystallised from light 
petroleum (b. p. 80—100°). The resulting product melted. at 
105—106° either alone or when mixed with the 2 : 4-dichloro-5- 
nitrophenol obtained from the above toluenesulphonate. 

When a chloroform solution of either 1 or 2 mols. of piperidine 
was added slowly to a boiling solution of the dichlorotrinitro- 
compound (1 mol.), scission was quantitatively effected. 

(b) With aniline. A solution of 20 g. of the dichlorotrinitro- 
compound in 150 g. of aniline was heated for 4 hours at 100°. The 
solution was shaken with hydrochloric acid, and the resulting 
reddish precipitate filtered off ; it was identical with a pure specimen 
of 2 : 4-dinitrodiphenylamine, and was obtained in theoretical yield. 
When the filtrate became cool, 2: 4-dichloro-5-nitrophenol, con- 
taining a little dinitrodiphenylamine and considerable aniline 
hydrochloride, separated and was filtered off. After removal of 
aniline hydrochloride by washing with cold water, the phenol was 
purified by dissolution in dilute alkali, filtration, and precipitation 
with dilute acid. 

4: 4'-Dichloro-2-nitrodiphenyl Ether—The following method was 
found much more satisfactory than existing methods, e.g., that of 
Raiford and Colbert (J. Amer. Chem. Soc., 1926, 48, 2652): p-Di- 
chlorobenzene (100 g.) was added within 15 minutes to 500 g. of 
nitric acid (d 1-5). After a further 15 minutes, the solution was 
poured into excess of cold water, and the precipitated solid air-dried. 
The whole was introduced into a solution obtained by adding 88 g. 
of p-chlorophenol to 37 g. of potassium hydroxide which had 
previously been heated to a clear melt in presence of 1—2 c.c. of 
water. The mixture was heated in a bath kept at 160—170° for 
2 hours, cooled, and shaken with dilute alkali until the precipitated 
material (162 g.) was crystalline. After one crystallisation from 
alcohol, the nitro-compound was pure. Use of copper bronze 
does not increase the yield, and hampers manipulation; moreover, 
it apparently causes formation of some 4-chloro-4’-hydroxydiphenyl 
ether. 

4: 4'.Dichloro-2-aminodiphenyl Ether —The nitro-compound was 
reduced at 100° by means of iron filings and excess of water in 
presence of a little acetic acid. The crude base, produced in 90% of 
the theoretical yield, crystallises from light petroleum (b. p. 80—100°) 
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in colourless needles, m. p. 67° (Found: Cl, 27-7. C,,H,ONC, 
requires Cl, 27-9%); it is readily diazotised in presence of excess of 
hydrochloric acid, and the resulting solution couples normally with 
sodium $-naphthoxide. 

2:4:4'-Trichlorodiphenyl Ether —The last-named amine (30 g) 
was diazotised (70 c.c. of concentrated hydrochloric acid, 70 ¢.c. of 
water, and 9 g. of sodium nitrite in 20 c.c. of water) and poured into 
cuprous chloride—hydrochloric acid; normal decomposition took 
place, and the red oil produced was well washed with water and 
with alkali, and extracted with carbon tetrachloride. Removal of 
solvent, followed by vacuum distillation, gave 13 g. of 2:4:4’. 
trichlorodiphenyl ether, b. p. 183°/11 mm. This became solid on 
cooling and, when crystallised from light petroleum (b. p. 40—60°), 
formed colourless needles, m. p. 54—55° (Found: Cl, 39-2. 
C,,H,OCI, requires Cl, 38-9%). 

Nitration of 2:4 : 4’-Trichlorodiphenyl Ether —(1) Mononitration. 
One g. of the trichloro-ether was added to a mixture of 10 c.c. of 
nitric acid (d 1-4) with 10 c.c. of glacial acetic acid. Nitric acid 
(d 1-5) and glacial acetic acid were added alternately until the whole 
of the solid passed into solution (in all, 30 c.c. of the fuming acid 
and 15 ¢.c. of acetic acid were added). After $ hour, the solution 
was slowly treated with water. The resulting precipitate was 
collected and dried, and then crystallised from light petroleum 
(b. p. 40—60°) in tough pads of almost colourless needles, m. p. 
86—87° (Found: Cl, 33-6. C,,H,O,NCl, requires Cl, 33-4%). 
When this 2 : 4 : 4’-trichloro-2'-nitrodiphenyl ether was heated with 
piperidine, 2 : 4-dichlorophenol and 4-chloro-2-nitrophenylpiperidine 
were formed. 


(2) Dinitration. The trichloro-ether was slowly added to 7 parts § wi 


of nitric acid (d 1-5), without cooling, and the solution obtained 
allowed to stand for an hour. It was then poured into excess of cold 
water, and the precipitate formed was crystallised from alcohol. 
In an experiment carried out under quantitative conditions, there 
were obtained from 2-00 g. of initial ether, 2-00 g. of product of 
m. p. 103—104° and 0-32 g. of material of m. p. 101—103°, showing 
that no appreciable quantity of by-products was formed. 2:4:4 
T richloro-5 : 2’-dinitrodiphenyl ether forms pale yellow prisms, 
m. p. 103—104° (Found : Cl, 28-7; N, 8:1. C,,H;0;N,Cl, requires 
Cl, 29-3; N, 7-7%). 

The dinitro-derivative reacted readily with boiling piperidine 
to give piperidine hydrochloride and a reddish solution. The 
mixture was treated with alkali, and exhaustively extracted with 
benzene. From the benzene layer, nothing but 4-chloro-2-nitro- 
pherylpiperidine was obtained. The alkaline solution was acidified 
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and then extracted with ether. The extract yielded a reddish- 
brown solid, m. p. 102—103°, which, after being dissolved in alkali 
and reprecipitated with dilute acid, gave almost colourless leaflets, 
n. p. 104—105°, identical with 2 : 4-dichloro-5-nitrophenol obtained 
from other sources (above) (Found: Cl, 34:0. Calc.: Cl, 34-1%). 

Reduction of the dinitro-compound by the iron—water—acetic acid 
method gave 2:4: 4’-trichloro-5 : 2’-diaminodiphenyl ether, which 
erystallises from light petroleum (b. p. 80—100°) in rhombohedra, 
m. p. 93—94° (Found : Cl, 35-0. C,,H,ON,Cl, requires Cl, 35-1%). 

(3) Trinttration. The trichloro-compound (or its dinitro-deriv- 
ative) was dissolved in 50 parts of nitric acid (d 1-5), and 10 parts 
of fuming sulphuric acid (20% SO,) were slowly added, the temper- 
ature being kept below 50°. When the mixture was poured on ice, 
2:4:4'-trichloro-5 : 2’ : 5’-trinitrodiphenyl ether was precipitated ; 
this, after being crystallised from alcohol, formed yellowish-green 
leaflets, m. p. 155—157° (Found : Cl, 25-3. C,,.H,O,N,Cl, requires 
Cl, 26-1%). The trinitro-compound dissolved in cold piperidine 
to give a purple-red solution. After a few minutes’ boiling the 
colour faded. Excess of alkali was then added, the whole was 
repeatedly extracted with benzene, and the alkaline solution 
acidified. A precipitate of 2 : 4-dichloro-5-nitrophenol was formed. 
The benzene solution was washed with dilute acid and then dried 
and evaporated ; the 4-chloro-2 : 5-dinitrophenylpiperidine obtained 
crystallised from alcohol in red leaflets, m. p. 70—71° (Found : Cl, 
12-9. C,,H,,0,N,Cl requires Cl, 12:4%). 

Action of Piperidine on 4-Chloro-2 : 6-dinitroanisole——The latter 
compound, prepared by treating the dry or moist silver salt of 
4-chloro-2 : 6-dinitrophenol with methyl iodide, reacted vigorously 
iwith piperidine to give 4-chloro-2 : 6-dinitrophenylpiperidine, which 
crystallised from alcohol in golden prisms, m. p. 165—166° (Found : 
Cl, 12-0. C,,H,,0,N,Cl requires Cl, 12-4%). 

Nitration of 2:4-Dichlorophenyl Benzoate—The benzoate was 
added gradually to 10 parts of nitric acid (d 1-5), the temperature 
not being allowed to rise above 30°. After one hour, the solution 
was poured on ice, and the gummy solid so obtained heated with 
water until it became hard. It then crystallised from alcohol, in 
which it is very sparingly soluble, in colourless leaflets, m. p. 148° 
(Found: Cl, 20-0. C,,H,O,N.Cl, requires Cl, 19-9%). This 
product is almost pure 2 : 4-dichloro-5-nitrophenyl m-nitrobenzoate 
see below), but contains traces of o- and/or p-nitrobenzoate, not 
removed by recrystallisation. When mixed with the pure m-nitro- 
benzoate, it melted at 152—153°. 

Benzoylation of 2:4-dichloro-5-nitrophenol gave a benzoate, 
which, after being crystallised from alcohol, had m. p. 111—112°. 
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This was nitrated as above, and gave a product identical in properties 
with that obtained from 2 : 4-dichlorophenyl benzoate. 

The m-nitrobenzoate of 2:4-dichlorophenol crystallises from 
alcohol in hairy needles, m. p. 115—116° (Found: Cl, 23:3, 
C,3H,O,NCI, requires Cl, 22-8°). Nitration of this product gave 
pure 2 : 4-dichloro-5-nitrophenyl m-nitrobenzoate, m. p. 154°. An 
identical substance was obtained by condensing 2 : 4-dichloro.5. 
nitrophenol with m-nitrobenzoyl chloride in warm alkaline sus. 
pension. 

2 : 4-Dichloro-6-nitrophenyl m-nitrobenzoate, prepared for con. 
parison purposes from the product of dichlorinating o-nitrophenol 
(Tarugi, Gazzetta, 1891, 30, 491), is very sparingly soluble in alcohol, 
from which it crystallises in colourless prisms, m. p. 149—150° 
(Found: Cl, 19-5%). A mixture of this substance with 2 : 4-di. 
chloro-5-nitrophenyl m-nitrobenzoate melted at 128—129°. 

Chlorination of m-Nitrophenol.—Chlorine was passed into 20 g. of 
m-nitrophenol, which was kept just liquid by heating. When the 
calculated increase in weight was obtained the 2.: 4-dichloro-3. 
nitrophenol (see below) was twice crystallised from light petroleum 
(b. p. 80—100°). It formed very pale yellowish-green needles, 
m. p. 70—72°, raised to 85—87° after drying in a vacuum over 
sulphuric acid (Found: Cl, 34-1. C,H,0,NCl, requires Cl, 34-1%). 

The p-tolwenesulphonyl derivative crystallised from alcohol in 
leaflets, m. p. 122° (Found : Cl, 19°3; S,9-5. C,,;H,gO;NCLS requires 
Cl, 19-6; S, 8-8%); it was reduced by means of iron, water, anda 
little acetic acid to 2 : 4-dichloro-3-aminophenyl p-toluenesulphonat., 
which crystallised from light petroleum (b. p. 80—100°) in colourless 
plates, m. p. 113—114° (Found : Cl, 21-4; 8, 9:5. C,,H,,0,NCL,S 
requires Cl, 21-9; S, 9-6%). 

The amino-compound is apparently unaffected by hot concentrated 
hydrochloric acid, the resulting suspension after being cooled not 
undergoing diazotisation to any appreciable extent. Replacement 
of the amino-group by chlorine was therefore effected as follows: 
A solution of 9 g. of the amino-compound in 30 ¢.c. of concentrated 
sulphuric acid was diazotised at 20° with a solution of 2 g. of sodium 
nitrite in 15 c.c. of concentrated sulphuric acid, prepared at —15°. 
The clear solution obtained by pouring on ice was added to cuprous 
chloride—-hydrochloric acid, and the resulting mixture was distilled 
in steam. The crude solid which passed over was dissolved in 
excess of piperidine and the solution was boiled under reflux for an 
hour, then strongly acidified, and distilled in steam. Almost pure 
2:3: 4-trichlorophenol passed over. It was purified by dissolution 
in alkali, followed by acidification, and finally by sublimation. |t 
forms colourless needles, m. p. 80—81° (Found : Cl, 54-8. C,H, 0C); 
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requires Cl, 54-0%). The benzoate had m. p. 143° (compare. Holle- 
man, loc. cit.). 

Chlorination of 3 :4-Dichlorophenol_—This phenol was readily 
obtained by application of the method of Noelting and Kopp 
(loc. cit.). Chlorination was carried out as in the case of 2: 5- 
dichlorophenol (p. 517). The sample of 2:3: 4-trichlorophenol 
was in no way different from that described above, and gave a 
benzoate of m. p. 143° (Found: Cl, 35-2. Cale.: Cl, 35-3%), 
unaltered on admixture with the benzoate described above. 

Action of Phosphorus Pentachloride and of Thionyl Chloride on 
2:4-Dichloro-5-nitrophenol.—_In preliminary attempts to establish 
the identity of this phenol, it was heated with 2 parts (= 2 mols.) of 
phosphorus pentachloride at 150—160° for 1-5 hours. The cooled 
product was extracted with carbon tetrachloride, and the extract 
well washed with alkali. Removal of the solvent gave a product, 
b. p. 150—160°/15 mm., m. p. 80—89°, but insufficient was obtained 
for detailed examination. 

The dichloronitrophenol crystallises unchanged from thionyl 
chloride even after prolonged boiling of the solution. 

4: 5-Dichloro-2-nitrodiphenyl Ether.—4 : 5-Dichloro-1 : 2-dinitro- 
benzene (1 mol.) was added to a solution of potassium phenoxide 
(1 mol.) in the minimum amount of water. A brown-red coloration 
appeared, and rapidly faded. Completion of the condensation was 
effected by heating at 100° for } hour and the ether, after being washed 
with alkali, became solid, and then crystallised from alcohol in 
yellow prisms, m. p. 69—70° (Found: Cl, 248. C,,H,O,NCl, 
requires Cl, 25-0%). 

4:5:4'-Trichloro-2-nitrodiphenyl ether was similarly obtained 
from potassium p-chlorophenoxide. It separates from alcohol in 
very pale yellow needles, m. p. 77° (Found : Cl, 32-8. C,,H,O,NCI, 
requires Cl, 33-49%). When the ether was dissolved in 20 parts of 
nitric acid (d 1-5), the temperature rose appreciably, and after 10 
minutes crystallisation set in. The whole was poured. on. ice, and 
the precipitate was crystallised from alcohol. 4: 5 : 4’-J'richloro- 
2: 2'-dinitrodiphenyl ether forms very pale yellow, hairy needles, 
m. p. 13I—132° (Found: Cl, 29-0. C,,H;O;N,Cl, requires Cl, 
292%). Boiling piperidine converted this substance into a 
mixture, the alkali-insoluble portion being 4-chloro-2-nitrophenyl- 
piperidine. This establishes the constitution of the ether. 

4:5: 2’: 4'-Tetrachloro-2-nitrodiphenyl ether, obtained from 4 : 5- 
dichloro-1 : 2-dinitrobenzene and potassium 2 :; 4-dichlorophenoxide, 
crystallises from alcohol in pale yellow leaflets, m. p. 125—126° 
(Found : Cl, 40-1. C,,H;O,NCl, requires Cl, 40:2%). 

Reduction of the tetrachloronitro-ether by the iron method gave 
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4:5:2’: 4'-tetrachloro-2-aminodiphenyl ether, crystallising fron 
light petroleum (b. p. 80—100°) in colourless needles, m. p. 97—9° 
(Found: Cl, 43-9. C,,H,ONCI, requires Cl, 43-9%). Attempted 
replacement of the amino-group by chlorine proved unsuccessful, 


Part of the expense of this investigation was met by grants from 
the Research Fund of the Chemical Society. 


East Lonpon CoLieGceE, 
University oF LONDON. [ Received, December 31st, 1928,} 


LXXVII.—The Enzymic Synthesis of B-Hydroxyethyl 
Dihydrogen Phosphate. 


By Herpert Davenport Kay. 


As yet, the number of cases in which the reversible activity of an 
enzyme * derived from plant or animal tissues has been clearly 
demonstrated in vitro by the isolation in a pure form of the syn. 
thesised product of the reaction, is small, The demonstration of 
such synthetic activity has considerable importance both with regard 
to the theory of catalysis and in connexion with the réle played by 
the particular enzyme in the life processes of the tissue from which 
it is derived. 

Using the very active phosphoric esterase of the intestinal mucosa 
as a catalyst, I have shown (Biochem. J., 1928, 22, 855) that sodium 
glycerophosphate may be readily synthesised at 37° from sodium 
phosphate and glycerol if the concentration of water in the reaction 
mixture is kept sufficiently low. The synthesised ester may be 
conveniently isolated as the alcohol-insoluble barium salt, 

The production, by the same esterase, of a phosphoric ester from 
ethylene glycol will now be described, and details with regard to 
its composition and properties will be given which show its identity 
with the hydroxyethyl phosphoric ester derived from the product 
of the direct combination between ethylene chlorohydrin and 
phosphoryl chloride (Plimmer and Burch, this vol., p. 284). 


ExPERIMENTAL. 


Commercial ethylene glycol was twice distilled, the portion of 
b. p. 193—195° (uncorr.) being used. An.extract of the duodenal 
mucosa of a cat was prepared by carefully washing out the intestine 
with water, scraping off the mucosa of the duodenum, and grinding 


* The first definitely proved ease of enzymic synthesis was recorded by 
Croft Hill (J., 1898, 78, 634). 
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a weighed quantity of the wet tissue with washed sand and water 
containing a little chloroform. The extract was made up to twenty 
times the original weight of mucosa with water. 

Ten g. of disodium hydrogen phosphate crystals were dissolved 
in 75 c.c. of this extract, and 200 c.c. of the redistilled glycol added. 
A sample was taken at once from the slightly alkaline reaction 
mixture, and inorganic and total phosphorus were determined in it. 
The determinations were repeated at intervals (Table I). 


TABLE I. 
Rate of synthesis of the ester. 


Mg. of P per c.c. of reaction mixture. 





Time (days). Inorganic ¥. Total P. Combined (ester) P. 
3°27 3°31 0-04 
2°55 3°30 0-75 
2°38 3°31 0-93 
2°22 — 1-09 
2-13 —_ 1-18 
2-08 3°31 1-23 
2-06 3°27 1-21 

Controls with boiled enzyme showed no synthesis whatever in 
21 days. 

At this stage the reaction had evidently almost reached equi- 
librium. The reaction mixture (262 c.c.), containing 317 mg. P of 
esterified phosphate, was placed in a boiling water-bath for 10 
minutes to inactivate the enzyme and then cooled. This treatment 
produced no rise in the inorganic phosphate. Barium nitrate (8 g. 
in 50 c.c. of water) was added, followed by barium hydroxide solution 
until the whole was a faint pink to phenolphthalein. All the in- 
organic and most of the combined phosphorus were thus precipitated 
(ppt. A), but there still remained 77 mg. of esterified P in the 
filtrate. This was precipitated as the lead salt, which was washed 
twice with water and decomposed by hydrogen sulphide, and the 
solution after aeration was neutralised with sodium hydroxide. 
The lead precipitation was repeated once more in dilute acetic acid 
with lead acetate. After removal of the lead, the aerated filtrate 
was neutralised with warm barium hydroxide solution, filtered, and 
treated with 2 volumes of 98% alcohol. The precipitated barium 
salt was washed with 60% alcohol, dissolved in water containing a 
little dilute acetic acid, again precipitated by addition of an equal 
volume of 98% alcohol, washed, and dried at 110° (0-40 g. Product B). 

The main amount of esterified phosphate was still in ppt. A. 
This was ground with dilute acetic acid and filtered : the whole of 
the combined phosphorus was found in the solution (220 mg.) 
together with 20 mg. of inorganic phosphate. 

T2 
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20 C,c. of 25% lead acetate solution were added to the faintly acid 
filtrate, and the. precipitated lead salt. was washed and decomposed 
in the usual way. The barium salt was now prepared, and pre. 
cipitated by alcohol. It was transformed again into the lead salt, 
and finally the purified barium salt was precipitated twice by an 
equal volume of alcohol, obtained in micro-crystalline form from 
warm aqueous alcohol, and dried at 100° over phosphoric oxide 
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(yield, 1-6 g. Product C) (Found in product B: Ba, 50-3; P, 11-26. 
Found in product C: Ba, 49-7, 49-9; P, 11-3, 11-4. Cale. for 
barium hydroxyethyl phosphate, HO-C,H,-O-PO,Ba: Ba, 49:5; 
P, 11-2%). 

Through the kindness of Prof. R. H. A. Pienenet and Mr. W. T. J. 
Burch, who provided me with a sample of barium hydroxyethy! 
phosphate prepared by purely chemical means, I was able to obtain 
further evidence confirming the identity of the chemically and the 
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biochemically synthesised substance as follows. The two barium 
salts were dissolved separately in water and decomposed by the 
theoretical quantity of sodium sulphate solution. The filtrates 
were diluted to contain 0-300 mg. P per c.c. Preliminary experi- 
ments having shown that the optimum p, for the enzymic hydrolysis 
of the glycophosphate was between 8-0 and 9-0, 5 c.c. portions of 
the two solutions were run into two series of test-tubes, containing 
5c.c. of borate or glycine buffers to cover a py range from 7-6 to 10-0. 

In one series 0-5 c.c. of a solution containing kidney phosphatase, 
and in the other 0-5 c.c. of the same duodenal extract which cata- 
lysed the synthesis, were then added to each tube, and the amount 
of hydrolysis of the ester after a period of 2 hours at 37° was deter- 
mined in each series, the Briggs method (J. Biol. Chem., 1922, 53, 
13) of phosphate determination being used. Adequate controls 
were made in each series. 

The results are shown in Fig. 1, which indicates clearly that the 
two substrates are hydrolysed (a) at the same optimal pg, (b) at 
the same rate, by the same enzyme solution. (The optimum is not 
quite the same for the two widely different enzyme preparations.) 
A solution of sodium §-glycerophosphate submitted to the action © 
of the same enzyme preparations under identical conditions showed 
a considerably higher rate of hydrolysis. 


THE Mepicat Unit, 
Lonpon HospI!rTat. [Received, January 3rd, 1929.] 


LXXVIII.—The Boric Acids. 
By Lionet Fenix GicBert and Miriam LEvI. 


SEVERAL compounds of boric anhydride with water in various 
proportions have been reported, but examination of the original 
literature shows that in many cases the experimental evidence for 
their existence is inadequate. When the work now described was 
commenced, the following statement by Little (Friend’s “ Text- 
book of Inorganic Chemistry,” Vol. IV) seemed to be well justified : 
“At the present time, the existence in the solid state of only two 
of the boric acids, orthoboric acid, H,BO, (i.e., B,O;,3H,O), and 
metaboric acid, HBO, (i.e., B,0,,H,O), can be definitely affirmed.” 

It was decided to attempt to solve the problem by a method similar 
to that commonly employed in investigating a series of salt hydrates, 
nz., by combining determinations of vapour pressures in the system 
3,0,-H,O with measurements of weights of water lost in passing 
from one part of the system to another. 
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After a number of trials, an apparatus of the type shown in Fig. | 
(which is not to scale) was evolved. Considered from the point of 
view of pressure measurements it is similar to that employed by 
Caven and Sand (J., 1911, 99, 1359), but differs in that it has pro. 
vision for the withdrawal and quantitative collection of water 
vapour. The apparatus thus modified is very suitable for the 
examination of many types of equilibria such as those described 


here. 
Fic. 1. 
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The bulb, A, containing the mixture under examination is con- 
nected through the mercury gauge, -B, maintained at the same 
temperature, to the manometer, C; when the levels of the mercury 
in the limbs, D and E, of the mercury gauge are the same, the 
pressure in A can be read directly at C. The taps, F and G, are 
connected respectively to a pump and to the atmosphere via a dry- 
ing tube, so the pressure in the apparatus, and consequently the 
levels in D and E, can be adjusted as required. H is a bulb which 
is of use when the pressure in A decreasés during experiments, 
preventing mercury from running back into A. A further safety 
trap, J, is provided. Mercury can be introduced at the three-way 
tap, K. The special form of the mercury gauge allows water vapour 
to be removed at the tap L, which is connected through a mercury 
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trap, T, to a series of weighed drying tubes, T,, T,, etc., the first 
containing calcium chloride and the remainder phosphoric oxide. 
The last drying tube is connected through a guard tube to a Hyvac 
pump. It was found possible to dispense with some of the drying 
tubes in the later stages of the experiments, where little water was 
evolved. L can be put into communication also with a trap, M, 
connected at N to calcium chloride towers; this enables a stream 
of dry air to be drawn through the apparatus above L, thus accelerat- 
ing the transfer of water to the drying tubes. A tap, O, is provided 
for withdrawing mercury, which from time to time falls into M when 
it is connected to the drying tubes. 

Heating was effected by means of electrically heated B.P. paraffin 
ina 5-litre beaker, P, stirred by an electrically driven paddle placed 
in the centre. A modified form of thermo-regulator described by 
Lewis and Wood (T'rans. Faraday Soc., 1921, 17, 696) was used. 
Temperature was measured by a glass-mercury thermometer with 
the bulb close to A. The bath liquid was not entirely satisfactory, 
for at temperatures above 100° it darkened rapidly, eventually 
becoming so black that it was impossible to continue reading the 
mercury gauge. Fresh oil had therefore to be substituted from 
time to time. 

The experimental procedure was as follows. A known weight of 
powdered boric acid was placed in A, through the side-tube, R, 
which was then sealed off, after which the apparatus was evacuated 
at room temperature through the tap F. Mercury was then run 
in at K until the side-tube at Q was sealed, the levels in D and E 
being the same. The bath was then heated to a suitable temper- 
ature, the water vapour evolved exerting a pressure which eventually 
depressed the mercury in E to Q, thus allowing the vapour to pass 
up the tube QL. A small quantity of vapour (which was afterwards 
collected in the drying tubes) was withdrawn from A in this way in 
order to help to remove any adsorbed atmospheric gas still remaining 
which had not been removed during the initial evacuation at the 
lower temperature. When sufficient vapour had been withdrawn, 
the mercury was raised above Q by suitable manipulation of the taps 
Fand G, and the levels D and E were kept approximately equal until 
equilibrium resulted. A careful adjustment of the levels was then 
made, and the pressure was read at C. To ensure that equilibrium 
had been attained, the pressure was allowed to remain constant for 
at least 4 hour before the decisive reading was taken. (This period 
sufficed for the higher hydrates, but not for the lower hydrates, 
where the attainment of equilibrium was much slower.) In many 
cases, further to ensure that equilibrium had been attained, the 
temperature of the bath was raised by 1—2° and then allowed to 
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revert to the temperature under consideration. The temperature 
was then raised by 10° steps, approximately, a series of points upon 
curve I in Fig. 2 thus being obtained, after correction for the vapour 
pressure of mercury, for which Ramsay and Young’s values (J., 
1886, 49, 37) were used. The temperature range was then similarly 
traversed in the reverse direction. Equilibrium was thus approached 
from both high and low temperatures. To proceed to the next 
hydrate system, a suitable temperature was selected, and equilibrium 
allowed to take place. The pressure in E was then lowered so that 
vapour from A could escape through Q and rise up through the 
mercury in the tube QL. Much of the water condensed at the top 
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of the tube, which was relatively cool. When sufficient water had 
been removed from the system, the mercury level in E was raised 
above Q to prevent any more vapour from escaping. The tap L 
was then opened to allow the water in the top of the mercury column 
to pass through, together with a small quantity of mercury. (With 
very low pressures the mercury did not rise as far as L.) L was 
then turned so that the tubes T, T,, etc., were in connexion with M, 
and a current of dry air was pumped through so that all the water 
was conveyed to the tubes, which were then reweighed. This 
process was repeated until a sudden definite decrease in the pressure 
exerted by the contents of A was observed, after sufficient time had 
been allowed for equilibrium to be established. Water vapour was 
then slowly removed from A, a few bubbles at a time, until a new 
system resulted such that the withdrawal of a small quantity of 
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water vapour had no effect on the equilibrium vapour pressure at 
constant temperature, ?.e., the vapour pressure was that of a new pair 
of hydrates of boric anhydride. The pressure-temperature curve 
for this system was determined, thus giving curve II. The other 
curves in Fig. 2 and the losses in weight on passing from one part 
of the system to the other were determined similarly. 

Several runs were necessary, for, in spite of its having been care- 
fully annealed, the apparatus frequently broke, possibly owing to 
the fact that glass tends to be attacked by boric oxide at the higher 
temperaturesemployed. Inno case was it found possible to continue 
until complete dehydration was effected. In the last run that was 
carried out, however, as much as 97-5°% of the water present in the 
initial orthoboric acid was removed before the experiment had to be 
discontinued. 

Table I shows the data from which the pressure-temperature 
curves were constructed. Pressures (py) were read to the nearest 
mm.; temperatures (¢) were usually constant to at least 0-5° during 
the course of individual experiments and were subject to emergent 
stem corrections, which would normally act in the same direction, 
but were not applied. The thermometers were checked against 
Anschiitz thermometers, with which they agreed fairly closely. No 
high degree of accuracy is therefore claimed for these measurements, 
which were made with the primary object of obtaining definite 
indications of equilibrium. 

In the most complete run that was made, the initial weight of 
orthoboric acid was 5-4856 g. and the amounts of water lost to bring 
the system on the curves II, III, . . . IX, successively were : 
>1-:5855< 11-6591 g. (1-5926; m = 1) > 2-2295<2-2331 g. (2:2296; n = 5) 
>1-9835<1-9925 g. (1-9907; n = 2) > 2-2541<2-2577 g. (2-2562; n = 6) 
>2-1201<2-1267 g. (2-1234; n = 3) > 2-2663<2-2753 g. (2-2751; n = 7) 
>2-1863<2-1923 g. (2-1898; n = 4) > 2-2753<2-2929 g. (2-2893; n = 8) 
The figures in parentheses show the calculated loss of weight for the 
formation of the hydrate indicated by the value of » in the formula 
nB,O3,H,O. The existence of these compounds is confirmed by 
similar data in a previous experiment from HBO, as far as6B,0,,H,0, 
at which stage the apparatus broke. 

The calculated losses in weight of water are subject to corrections 
for the mass of water vapour contained in the bulb A; these correc- 
tions become-smaller as the more dehydrated products form, with 
their relatively low vapour pressures, and are never large enough to 
invalidate the main conclusions. 

To obtain the theoretically exact figures, a further correction 
would be necessary on account of the volatilisation of the boric 
anhydride component, of which there was evidence from the form- 
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Taste I, 
B,O,,3H,O-B,0,,H,0. 
65° 75° 80° 89-5° 99-5° 109-5° 119-5° 
175 (188 215 345 £62 106 174 
144° ~=146° 
57:1 64:6 
II. B,O,,H,O-2B,0,,H,O. 
t ... 130° 142° 146-5° 
p.. 3-0 4-9 6-2 
#!..5'/ vee 
p.. 60-8 


III. 2B,0,,H,0-3B,0,,H,0. 
t ... 150-5° 157° 162° 172-5° 
Pp. 54 7-15 8-05 11-65 
t ... 192°  202°56° 204-5° 
p.. 205 27:3 303 
IV. 3B,0,,H,0-4B,0,,H,0. 
t ... 160° 162° 171° 
p... 23 325 41 
t ... 204-5° 211-5° 212° 
p... 1305 164 15:8 
V. 4B,0,,H,0-5B,0,,H,0. 
t ... 154:5° 163° 168-5° 212-5° 
pear RS 1-95 2:2 , 9-9 
t «.. 214° 220-5° 222° 
p... 100 126 13-6 
VI. 5B,0,,H,O-6B,0,,H,0O. 
t ... 1785° 189° 202-5° 206° 
p.. 20 34 653 6-0 
6B,0,,H,0-7B,0,;,H,0. 
180° 193-5° 205-5° 215-5° 
1-75 3-4 4-75 6-3 
7B,0;,H,0-8B,0,,H,0. 
222°. 230° 236° 241-5° 
5-8 7-3 85 99 
IX. 8B,0,,H,O-B,0,( ?). 
$, bye, FSR? 197-5° 211-5° 226° 246° 
Pp... 14 2-25 3°45 5:2 8-0 
ation of a small quantity of a white deposit on the cooler parts of 
the tube QL, and also in T, but. not in the exit tube of T. Most of 
this volatilisation seemed to occur when curves I and II were being 
examined. In one case when a breakage happened after 95-2%, 
of the water had been removed, it was possible to obtain the contents 
of the bulb A in a clean state and to determine the boric oxide 
content, which was found to be more than 99% of that originally 
present. As most of this oxide condensed in the tube QL, it could 
retain relatively little water owing to the high temperature to which 
it was still subjected, and to the fact that it was in the form of a 
thin film which would facilitate the establishment of the boric 
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anhydride—water equilibrium. It does not appear, therefore, that 
the volatilisation of the boric anhydride component affects materially 
the data under consideration. 

Curves I to VIII correspond therefore to equilibria between water 
vapour and the systems B,0;,3H,0-B,0;,H,0; B,0O;,H,O- 
2B,0,,H,0; . . . 7B,0,,H,0-8B,0,,H,0. 

It is not impossible that still lower hydrates of boric anhydride 
exist, but since, in the case in which 97-5% of the water was with- 
drawn, the vapour pressures exerted were still on curve IX, whereas 
the removal of 95:8 and 96-3% of water corresponds with the 


Fia. 3. 








00020 00022 00024 00026 00028 00030 
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formation of 8B,0;,H,O0 and 9B,0,,H,O respectively, it would seem 
that 9B,0,,H,0 cannot exist under our experimental conditions ; 
if, therefore, curve [X does not represent the vapour-pressure curve 
for the system 8B,0,,H,O-B,0,, some hydrate lower than 9B,0,,H,O 
is involved. Attainment of equilibrium is very slow, however, at 
this part of the system, and more data would be desirable. 

A few measurements of the pressures exerted when orthoboric acid 
is heated at different temperatures are recorded by Lescoeur (Ann. 
Chim. Phys., 1890, 19, 35) and apparently belong to the system 
3H,0,B,0,—H,0,B,0,, as they are in rough agreement with our 
values for this system. ; 

When the data of Table Tare plotted as log p against 1/7, Fig. 3 
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is obtained. It will be observed that the curves are approximately 
straight lines, with the exception of a few points at the lower temper. 
tures (the deviations of which cannot be entirely explained). Hence 
the average approximate values of the heats of combination, Q, of 
the different hydrates (with one molecule of water vapour) can be 
calculated from the slopes of the lines by application of the equation 
Q = 4:576 d log p/d (1/T). The values of Q (in cals.) corresponding 
to the several curves are as follows: I, 15,600;' IT, 31,300; ITI, 
12,300; IV, 13,300; V, 14,000; VI, 13,200; VII, 13,100; VII, 
13,500; IX, 13,300. From these are calculated the successive heat 
changes in the dehydration of orthoboric acid, as shown in Table II, 
the lowest hydrate capable of existence being assumed to be 
8B,0,,H,O. On this assumption the heat of hydration of boric oxide 
to orthoboric acid is 54,363 cals. 

Even if still lower hydrates exist, their contribution to the total 
heat of hydration would probably be small and of the same sign as 
in Table II. By subtracting the heat of vaporisation of three 


Taste IT. 


,0;,H,O + 2H,0 — 31,200 cals. 
203,4H,0 + 3H,O — 16,650 
3B,0,,H,0) + }H,0 2,050 
4B,0,,H,O) + ;sH,O — 1,108 
5B,0;,H,O) + :,H,0 700 
1(5B,03,H,O 6B,0,,H,O) + 3H,O 440 
4(6B,0;,H,O) —> #(7B,05,H,O) + ;H,O 312 
+(7B,0,;,H, O) —_ 4(8B,0;,H,O) + shy ‘A, 20 241 
i(8B,0,,H,0) —> B,O, + }H,O 1,662 


molecules of water (27,650 cals.), the value 26,700 cals. (approx.) is 
obtained, which can be compared with the values determined calori- 
metrically by Ditte (12,509 cals.; Ann. Chim. Phys., 1878, 13, 70) 
and by Berthelot (16,800 cals; ibid., 1879, 17, 133). As Ditte 
employed for his determination powdered boric oxide, which must 
have absorbed a large amount of water during its preparation owing 
to.its exceedingly hygroscopic nature, the discrepancy between his 
value and ours is explained. Although Berthelot does not state the 
fact, it seems most likely that the boric oxide he used was also 
powdered, for the fused material dissolves only very slowly, probably 
far too slowly for such calorimetric methods as he was able to apply, 
and his determinations suffered, therefore, from the same error. 


Summary. 
Evidence is adduced for the existence of eight boric acids, 


nB,O3,H,O, where n = 1, 2,3... 8. An approximate value for 
the heat of hydration of boric anhydride to orthoboric acid is 
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advanced, and differs considerably from previous data, which are 
shown to be probably inaccurate. 
Toe Str Winw1aAm Ramsay LABORATORIES OF 


INORGANIC AND PHysSsICcAL CHEMISTRY, 
University CoLLteGr, Lonpon. [Received, December 13th, 1928.]} 





LX XIX.—Observations on the Chlorination Products of 
BB’-Dichlorodiethyl Sulphide. Part II. 


By Jonn WILLIAM Coe Patties, Jonn StanLEY HERBERT Davizs, 
and STANLEY Avueustus MumFrorp. 


In a previous paper (Mumford and Phillips, J., 1928, 155) the view 
was advanced that the products of chlorination of §8’-dichlorodi- 
ethyl sulphide described by Mann and Pope (J., 1922, 121, 594) as 
o86’-trichloro- and «$£8’-tetrachloro-diethyl sulphides were «$-di- 
chloro- and «88-trichloro-vinyl 8-chloroethyl sulphides, respectively. 
Subsequent to the communication of that paper, but prior to its 
publication, two papers on the same subject appeared (Lawson and 
Dawson, J. Amer. Chem. Soc., 1927, 49, 3119, 3125) in which similar 
conclusions were reached concerning the unsaturated nature of these 
compounds. 

The present investigation was undertaken primarily to confirm the 
views previously advanced, but continuation of the work has shown 
that the chlorination of 68’-dichlorodiethyl sulphide gives rise, not 
only to the series of compounds containing an unchanged §-chloro- 
ethyl group, as described by Mann and Pope and by Lawson and 
Dawson, but also to a second series in which chlorination has 
occurred in both chloroethyl groups. The main result of our work is 
thus the isolation not only of the tri- and tetra-chlorinated ethyl 
vinyl sulphides and the hexachlorodiethyl sulphide of the above 
observers, but also of one, or possibly two, new tetrachlorinated 
ethyl vinyl sulphides, together with pentachlorinated ethyl vinyl 
sulphides, hexachlorodiethyl sulphides, and heptachlorodiethyl 
sulphides derived from them. 


Chlorination of 88'-Dichlorodiethyl Sulphide (I). 

The experiments now recorded were restricted to the chlorination 
of $8’-dichlorodiethyl sulphide with two or more molecules of 
thlorine, and as far as the production of $-chloroethyl «$-dichloro- 
vinyl (V) and «$§-trichlorovinyl sulphides (VII) from saturated 
polychlorodiethy] sulphides is concerned, our results agree with those 
of Lawson and Dawson. For from the results obtained (Table I), it 
is evident that @8’-dichlorodiethyl] sulphide, on treatment with 
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chlorine at the ordinary temperature, undergoes substitution, since 
for every molecule of chlorine used, one molecule of hydrogen 
chloride is evolved (Expts. 1 and 2). Moreover, each molecule of 
substitution product so formed breaks down on heating with the 
evolution of a further molecule of hydrogen chloride. 


CH,Cl-CH a- CH,Cl-CHC! -HO CHCLCH 
GH,CIl-CH,> > sauaue CH,CCH,-® ——~> cH,cl-CH,->® 


(I.) |: (IT.) (III.) 
CH,Cl-CCl —HCl CHCl: cas 


CH,CI-CH.> S’ ——> CH,Cl: 
I (IV.) \~ +0 3) 
\ 
CH,Cl-CC! CHCl,-CCl 
~ou,¢-cHci>$ H,CLCH.> § 


—HOl ~ df (IX.) * HCl “ 
CIC, ‘| oi ‘. 
' CH,Cl-CH, 
so (VIL) Ngo \ 
1 


Y 
CH,CLOCh., CH, Ni cl, pene 2 oon CCl, 
cud,cuo>® cxicrcai>S = cHcronci>S ~—cx,c-cx>S 





(XIV,) XVIIE}) ctVIIL.) 


—HCl —HOl —H 
CHCI: oS >s CHCI-CCl., g ‘ Cc ne>s 


CHCl, CH,Cl-CCl, 


(XV.) IX. 
+l, +04 | +Cl, 


CHCI,-CCl CHCl,-CCl CCl,-CCI 
CHC,eHcl> § CH,Cl-ccl,— cH,ci-cucl>§ 
(Sit) (XVI) Ex) 


When one molecule of the dichloro-sulphide reacts with two 
molecules of chlorine (Expt. 7), the main reaction is the formation of 
a tetrachlorodiethyl sulphide (IV), which, however, is extremely 
unstable, and decomposes on attempted distillation, losing a mole- 
cular proportion of hydrogen chloride and giving in 90% yield an 
unsaturated trichloro-sulphide (V). We have not yet had an 
opportunity of examining the earlier stages of the chlorination 
process, but from the work of Lawson and Dawson it would appear 
that this tetrachlorodiethy] sulphide is the di-«-substituted deriv- 
ative, and that the derived unsaturated trichloro-compound is 
8-chloroethyl «$-dichlorovinyl sulphide (V). Confirmation of the 
existence of the vinyl chain in the latter is afforded by the fact that 
when the sulphide is treated with chlorine the principal reaction is 
one of addition, yielding ««$8’-pentachlorodiethyl sulphide (VI), 
which loses hydrogen chloride on ne to give §-chloroethyl 
«88-trichlorovinyl sulphide (VII), in 70% yield (Expts. 13 and 14). 
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From this, by addition of chlorine, ««$888’-hexachlorodiethy] 
sulphide (VIII) is obtained (Expts. 15 and 16), which, as might be 
expected from its constitution, yields hexachloroethane on further 
chlorination in the cold, and, like (V) and (VII), gives 8-chloroethane- 
sulphonic acid on oxidation (Mann and Pope ; Lawson and Dawson, 
locc. cit.). 

When, however, £8’-dichlorodiethy] sulphide is treated with more 
than two molecules of chlorine and the resulting pentachlorodiethyl 
sulphide is broken down with loss of hydrogen chloride, only on 
rare occasions is a tetrachlorinated ethyl vinyl sulphide identical 
with (VII) obtained. More often, an isomeric unsaturated tetra- 
chloro-compound is produced, very similar to (VII) in physical 
properties but differing markedly from it in rate of hydrolysis. The 
sulphide (VII), when boiled with water for 15 minutes, is hydrolysed 
to the extent of 2% only, but with the new unsaturated tetrachloro- 
compound under similar conditions an apparent chlorine content of 
70% is indicated. The compound, however, only contains 62-8% of 
chlorine, and, as estimation of the chloride formed shows that 59%, 
is due to hydrogen chloride (i.e., about 3-75 atoms of chlorine), it 
follows that the 70% figure corresponds to the liberation of about 
0-75 mol. of acid in excess of that accounted for as hydrogen chloride. _ 

As regards the genesis of this new compound, it would appear that 
just as 66’-dichlorodiethyl sulphide in the first two stages is substi- 
tuted in the «-position to give (IV), so this product, although on rare 
occasions it is chlorinated in the 8-position to give (V1), is normally 
attacked in the «’-position to give «««’88’-pentachlorodiethyl sulphide 
(IX), from which the new tetrachlorinated ethyl vinyl sulphide is 
derived. It is difficult to predict the course of elimination of 
hydrogen chloride from (IX), which contains chlorine attached to 
each carbon atom, but loss of «-chlorine appears more consistent with 
the facts, and either (X) or (XVII) therefore represents the probable 
constitution of the second tetrachlorinated ethyl vinyl sulphide ; 
(XVII), however, like the slightly hydrolysable compound (V), con- 
tains the chain CHCI:CCI-, and as symmetrical monosubstitution of 
the other chain could scarcely account for such greatly increased ease 
of hydrolysis, the new tetrachloro-compound is best formulated as 
«x8-trichloroethyl -chlorovinyl sulphide (X). This formulation 
accounts readily for the high hydrolysis and the development of 
extra acidity, the «-CCl, group, on conversion into a carbonyl group, 
giving rise to a readily hydrolysable unsaturated thioacetic ester. 

Assuming this constitution, the derived series (XI), (XII), and 
(XIII) can be formulated with a fair degree of certainty. The 
ann'BB'B’-hexachlorodiethyl sulphide (XI), formed by addition of 
chlorine to (X), differs from its ««8868'-isomeride (VIII) in being 
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somewhat more readily hydrolysed, and in breaking down on 
refluxing to give an unsaturated pentachloro-sulphide. The latter, 
which evidently differs in type from (X), for even after 24 hours’ 
boiling with water it develops less than the theoretical quantity of 
hydrogen chloride with but a little extra acid, appears to be «6-tri. 
chloroethyl «8-dichlorovinyl sulphide (XII) derived from (XI) by loss 
of hydrogen chloride from the —CCl,°CH,Cl chain, the other chain, as 
found by Lawson and Dawson (loc. cit.), being comparatively stable 
to heat. This, on addition of chlorine, gives «««’888’B’-heptachloro. 
diethyl sulphide (XIII), the absence of the grouping CCl,°CCI,;S in 
which is indicated by the fact that it does not yield hexachloro. 
ethane when chlorinated in the cold. 

The two unsaturated tetrachloro-compounds, whose very similar 
boiling points and densities have doubtless led previous observers to 
assume their identity, are inseparable by fractional distillation, and 
if, therefore, the two pentachlorodiethyl sulphides (VI) and (IX) 
should be formed simultaneously during the chlorination of §@’-di- 
chlorodiethyl sulphide, the derived unsaturated tetrachloro fraction, 
although distilling as one compound, would be a mixture of the two 
isomerides and might give any hydrolytic figure between 2% and 
70%. As a result of twenty such chlorinations, however, only one 
instance of low hydrolysis (4-6%) was found, five hydrolysed to the 
extent of 68—70%, and the remainder gave values between 33%, 
and 66%. The non-production of fractions hydrolysing in the range 
5—33% is, we believe, a significant indication that these mixtures do 
not consist solely of the two isomerides (VII) and (X), but contain 
in addition a third tetrachlorinated ethyl vinyl sulphide, of about 
33% hydrolysis, possibly «$-dichloroethyl «B-dichlorovinyl sulphide 
(XVII), derived from (IX), the parent of (X), by loss of hydrogen 
chloride from the other chain. This view appears to derive support 
from the fact that certain of the fractions of intermediate hydrolysis 
had a slightly lower boiling point and density than a known mixture 
of (VII) and (X) of the same hydrolysis; and further, that the higher 
chlorinated products which they gave did not appear to be identical 
with the corresponding compounds from (VII) and (X). The third 
isomeride and its derivatives (XVIII), (XIX), and (XX) have not, 
however, been isolated in a state of purity. 

When §§’-dichlorodiethyl sulphide is treated with more than 
3 mols. of chlorine, any or all of the hexachlorodiethyl sulphides 
given in the scheme may be produced. In general, the ««$’-tetra- 
chlorodiethyl sulphide (IV) is chlorinated in the «’-position to give 
(IX), from which the hexachloro-compounds (XI), (XIV), and/or g 
(XVIII) are obtained by the subsequent entry of chlorine into the 
8’-, «’-, or B-position, respectively. It is also possible for aa{866’- 
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hexachlorodiethyl sulphide (VIII) to be formed, since (IV) can be 
chlorinated in the 8-position, but in the cases examined here, it does 
not appear to have been produced in any quantity. 

In Expt. 35 the hexachlorodiethyl sulphide and the derived 
pentachlorinated ethyl vinyl sulphide approximated closely in 
properties to (XI) and (XII) respectively, but in other cases the 
products were evidently non-homogeneous. In Expt. 36, the 
hexachloro fraction was not examined, but the derived pentachloro 
fraction, though distilling as a homogeneous substance, exhibited 
differences in density in its various sub-fractions; the less dense 
fractions resembled (XIX) in properties and, like it, furnished a 
heptachlorodiethyl sulphide which gave hexachloroethane on 
further chlorination in the cold. The unsaturated tetra- and penta- 
chloro fractions obtained in this experiment were accompanied by 
considerable quantities of low-boiling degradation products, pre- 
sumably formed by the destructive chlorination of one or other of the 
polychloroethyl sulphides present. As these low-boiling fractions 
consisted almost exclusively of as-tetrachloroethane and trichloroethyl 
sulphur chloride in the approximate molecular ratio 2 : 1, they would 
appear to be derived from a hexachlorodiethyl sulphide of the 
constitution (XI) or (XIV), preferably the latter, which could 
evidently be chlorinated further to give either trichloroethyl sulphur 
chloride and as-tetrachloroethane, or sulphur dichloride and the 
chlorinated ethane. The excess of the latter would thus be accounted 
for, since the sulphur dichloride would not have been collected under 
the conditions of the experiment owing to its higher volatility. The 
tetrachloroethane could not, in this instance, be produced by the 
further chlorination of ethylene dichloride (compare Mann and Pope, 
loc. cit.), for the chlorination was carried out at about 20° in the 
absence of direct sunlight, and, further, neither penta- nor hexa- 
chloroethane was simultaneously formed. 

There would thus appear to be reason for believing that no one 
hexachlorodiethyl sulphide is exclusively formed by the direct 
chlorination of 68’-dichlorodiethyl sulphide, but that the product 
may be either (XI), (XIV), or (XVIII), or some mixture of these. 

In Expt. 17, in which the tri- and tetra-chloro-compounds of Mann 
and Pope were the chief products, the higher-boiling fractions, on 
being kept, deposited a small amount of a solid, C,H,CI,S,, m. p. 
105°. This, however, is not a simple chlorination product, but is 
considered to arise during distillation by interaction of some of the 
thlorinated ethyl vinyl sulphides with the intermediate formation of 
=:sulphonium chloride. Its exact constitution has not been deter- 
mined, but it appears probable that it is a $-(8-chloroethyl-thiol) 
dhyl trichlorovinyl sulphide (XXI) formed by some such scheme 
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as the following (compare Bell, Bennett, and Hock, J., 1927, 
1803) : 


CCI, :CC! CCLCHCI 
CH,CI'CH,>> + S<op..cH,c1 
[oo :CCL-S-CH, CH, S<GH, “CH,CI| — 


CCl, :CCI-S-CH,“CH,-S‘CH,-CH,@ (XX1) + CCI,:CHC! 


On the above hypothesis it is possible for a compound C,H,C1,S, to 
be formed in many ways, but in this case the most probable com. 
ponents are those suggested. 


EXPERIMENTAL. 
I. Quantitative Chlorination Experiments. 


In experiments 1 to 6 (Table I) a carbon tetrachloride solution of 
the liquid to be chlorinated was placed in a boiling tube (A), attached 
to a small reflux condenser. A solution of the requisite amount of 
chlorine in carbon tetrachloride was placed in an adjoining vessel 
(B), and the two vessels were so connected that by aspirating dry 
carbon dioxide-free air through the apparatus the chlorine was slowly 
transferred via a capillary jet into the liquid in the reaction vessel 
(A). The hydrogen chloride evolved during the chlorination was 
collected in bubblers containing standard alkali and subsequently 
estimated by titration. Towards the end of the experiment (B) was 
gently heated to expel the last traces of chlorine, and the pressure in 
the apparatus reduced to about 150 mm. to ensure complete removal 
of hydrogen chloride. 

In the second stage of the reaction (B) was removed, and the 
pressure in the apparatus further reduced, first to 60 mm., to expel 
the carbon tetrachloride, and subsequently to 15—20 mm., at which 
pressure the liquid was gently refluxed for some 20 minutes, the 
hydrogen chloride evolved during the process being collected and 
estimated as before. The heating was repeated until no further 
evolution of hydrogen chloride occurred. 

Finally, the contents of thereaction vessel were fractionated through 
a small column. The product was, in general, a mixture of two 
liquids only, and more or less quantitative separation was therefore 
possible. Individual products were identified by boiling point and 
density, the composition of the middle runnings, invariably obtained 
in small quantity, being approximately estimated from its density. 

In the larger-scale experiments (Nos. 7—16, Table I), chlorine was 
bubbled through the liquid at room temperature until the increase in 
weight of the latter indicated that the desired stage of chlorination 
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had been reached. Subsequently the product was gently refluxed 
under reduced pressure to constant weight, the loss in weight being 
taken as an approximate measure of the hydrogen chloride evolved 
during the heating process, and finally the product was fractionated | 
as before. 

The results of these quantitative chlorinations are in Table IJ, in 
which the quantities of reactants and products of reaction are ex. 
pressed in gram-molecules. 


II. Hxamination of the Products of Chlorination. 


The compounds examined, prepared in a manner analogous to that 
employed in the larger-scale quantitative chlorinations, were purified 
by repeated fractional distillation through a 60 cm. column under 
reduced pressure. Densities and viscosities were determined as 
previously described (J., 1928, 155), and refractive indices with an 
Abbé refractometer. Rates of hydrolysis, for purposes of com- 
parison, were roughly estimated by refluxing about 0-1 g. of the 
different substances with 50 c.c. of water for 15 minutes, and for 
150 minutes, followed by rapid titration with baryta. The values 
given below are,.in most instances, the mean of at least three such 
determinations, and are expressed in terms of °, Cl split off. 

(a) Chlorination of 88'-Dichlorodiethyl Sulphide with Two Mole. 
cules of Chlorine —The unstable ««8$’-tetrachlorodiethyl sulphide 
(IV) obtained in an impure condition by treating 68’-dichlorodiethy| 
sulphide with two molecules of chlorine (Expt. 7), when cleared of 
dissolved hydrogen chloride by the passage of dry carbon dioxide- 
free air under reduced pressure, had d% 1-53. On heating to 
90—100° even under 2 mm. pressure, it decomposed with evolution 
of hydrogen chloride and gave §-chloroethyl «$-dichlorovinyl 
sulphide (V) in 80—90% yield. The latter, after two fractionations, 
was a colourless mobile liquid, b. p. 107°/15 mm., d®” 1-4315, d? 
1-4255, 7° 0-028 dyne/cm.?, and nf 1-5562 (Found: C, 248; 
H, 2-6; Cl, 55-7; M, cryoscopic in benzene, 190. Calc. for 
C,H,Cl,S: C, 25-1; H, 2-6; Cl, 55-6%; M, 191-5). Hydrolysis: 
15 minutes, 4; 150 minutes, 12-5% Cl. Oxidation with nitric acid 
gave 8-chloroethanesulphonic acid, identified as the ammonium salt, 
m. p. 198°. 

(b) Chlorination of 8-Chloroethyl «8-Dichlorovinyl Sulphide (V).— 
By adding chlorine (1 mol.) to the above unsaturated trichloro- 
compound (Expts. 13, 14), ««888’-pentachlorodiethyl sulphide (V1) 
was obtained as an unstable yellow liquid which, on heating, lost 
hydrogen chloride and gave 8-chloroethyl «$8-trichloroviny] sulphide 
(VII) in 70—80% yield. The latter, after three fractionations, had 
b. p. 122—124°/15 mm., d2" 1-5425, d2" 1-5361, 7” 0-039 dyne/em.’, 
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and n%" 1-5700 (Found: C, 21-4; H, 1-9; Cl, 62-8; M, eryoscopic 
in benzene, 225. Cale. for CyH,CL,S : C, 21-25; H, 1-8; Cl, 62-8%; 
M, 226). Hydrolysis: 15 minutes, 2; 150 minutes, 10% Cl. On 
oxidation with nitric acid it gave 8-chloroethanesulphonic acid. The 
lower density given previously (loc. cit.) was that of a sampie of the 
tetrachloro-compound obtained directly from §8’-dichlorodiethy] 
sulphide [compare (d) below]. 

(c) Chlorination of 8-Chloroethyl «88-Trichlorovinyl Sulphide (VII). 
—From the above unsaturated tetrachloro-compound, by addition 
of one molecule of chlorine (Expt. 16), 2¢8688'shexachlorodiethyl 
sulphide (VIII) was obtained in 90% yield as a stable viscid fluid 
which, after purification, had b. p. 158—159°/15 mm., d?” 1-6849, 
a 1-6794, 7" 0-254 dyne/cm.?, and n° 1-5683 (Found :. C, 16-25; 
H, 1-4; Cl, 71-7; M, eryoscopic in benzene, 297. Cale. for 
(,H,CL,S: C, 16-2; H, 1-4; Cl, 71-7%; M, 297). Hydrolysis : 
15 minutes, 14; 150 minutes, 33% Cl. On further chlorination, 
even in the cold, hexachloroethane, m. p. 186—187°, was obtained. 
When the hexachloro-sulphide was heated at 200°/ 100—120 mm. for 
4hours, an unstable yellow oil slowly distilled, in too small quantity, 
however, for identification. The residue, on fractionation, yielded 
40°% of unchanged hexachlorodiethy] sulphide, but no deainite lower- 
boiling fraction could be isolated. 

(d) Chlorination of 88’-Dichlorodiethyl Sulphide with Three Mole- 
cules of Chlorine—When £8’-dichlorodiethy] sulphide was treated 
with three molecules of chlorine (Expt. 10), the pentachlorodiethyl 
sulphide obtained (Found : Cl,.66-5. C,H,Cl,S requires Cl, 67-6%), 
when freed from dissolved hydrogen chloride, had d? 1-57. Like 
that described in (b), however, it lost hydrogen chloride on heating to 
give an unsaturated tetrachloro-compound in 75% yield. 

An unsaturated tetrachloro fraction was always obtained when 
88’-dichlorodiethy! sulphide was chlorinated with more than two 
molecules of chlorine, and the product subsequently decomposed by 
heating, but out of twenty such chlorinations (Table IT), in one case 
only (Expt. 17) did this fraction appear to be identical with the 
$-chloroethyl «68-trichlorovinyl sulphide described in (b) above. In 
this one instance, 3-86 mols. of the sulphide were treated with about 
8-88 mols. of chlorine in diffused daylight, and the $-chloroethyl 
«$-dichlorovinyl sulphide (2-3 mols.), b. p. 79-2°/3 mm., obtained on 
fractionation was accompanied by an unsaturated tetrachloro- 
sulphide (0-8 mol.), b. p. 87-5—-88-5°/2-6 mm., having d?" 1-542, and a 
15-minute hydrolysis of 4-5°% Cl (Found: C, 21-2; H, 1-8; Cl, 
62.5%). This was slightly impure £-chloroethyl «$8-trichloroviny] 
sulphide. The higher-boiling fractions (b. p. 157—167°/2-5—3 mm.) 
obtained in this experiment deposited, on standing, a white solid, 
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Tasie II. 


Formation of Unsaturated Tetrachloro-sulphides by the Chlorination 
of 88’-Dichlorodiethyl Sulphide. 


Molecular Rate of 15-Min.- 
ratio, increase of hydrolysis 
chlorine/ = wt. during Pressure of unsat. 
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crystallising from alcohol in long flat needles, m. p. 70-5°, apparently 
a -(8-chloroethyl-thiol)ethyl. trichlorovinyl sulphide (XX1) (Found : 
0, 25:2; H, 2:8; Cl, 49-6; 8S, 22-3; M, cryoscopic in benzene, 
271—286. C,H,CI,S, requires C, 25:2; H, 2-8; Cl, 49-6; S, 224%; 
M, 286). 

On five other occasions (Expts. 21, 29, 30, 35, and 36) when 
68’-dichlorodiethyl sulphide was treated with 3—4 molecules of 
chlorine, the unsaturated tetrachloro fraction obtained on distillation 
appeared to be ««®-trichloroethyl @-chlorovinyl sulphide (X). This, 
after three fractionations, was a colourless mobile liquid, b. p. 
122—123°/15 mm., d%" 1-5404, d#" 1-5342, 7" 0-057 dyne/cm.?, and 
n® 1-5661 (Found : C, 21:3; H, 1-9; Cl, 63-0; M, cryoscopic in 
benzene, 227. C,H,Cl,S requires C, 21-25; H, 1-8; Cl, 628%; 
M, 226). When it was boiled with water for 15 minutes, or for 
150 minutes, acid equivalent to 70% Cl was liberated, but of this, 
58—59% only was found by Volhard estimation to be due to 
hydrochloric acid. 

By reason of their identical boiling points, the two isomeric 
unsaturated tetrachloro-sulphides, when admixed, could not be 
separated by fractionation, all portions of the distillate being hydro- 
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lytically and otherwise identical. The density and other physical 
properties of such mixtures are approximately linear functions of the 
composition, a known mixture of the two in about equal proportion 
(actually 53% of VII to 47% of X) having d#*" 1-5346, 7" 0-047 dyne/ 
cm.2, and nj,’ 1-5679, as compared with values calculated on an 
additive basis of 1-5352, 0-047, and 1-5681, respectively. By careful 
fractionation of this mixture, first and last fractions were obtained 
having 15-minute hydrolyses of 31 and 34% Cl, respectively, that of 
the original mixture being 33% Cl (Cale.: on an additive basis, 
33% Cl). 

In the other fourteen cases examined (see Table II), some of the 
unsaturated tetrachloro fractions obtained, all of which had 15- 
minute hydrolyses between 33 and 65% Cl, differed slightly in 
properties from such known mixtures, and appeared to contain a 
third isomeride, possibly «$-dichloroethyl «8-dichlorovinyl sulphide 
(XVII), having a 15-minute hydrolysis of about 33% Cl. “The latter 
apparently formed the chief constituent of the unsaturated tetra- 
chloro fractions obtained in Expts. 18, 23, and 24, these, after 
repeated fractionation, yielding a colourless liquid, b. p. 120—121°/ 
15mm., d}* 1-544 (Mann and Pope, loc. cit., give d}?* 1-5441 for their 
so-called «888’-tetrachlorodiethyl sulphide), d? 1-5378, d?" 1-5315, 
7” 0-046 dyne/cm.?, and nj 1-5673 (Found: C, 21-4; H, 1-9; Cl, 
62:7. C,H,Cl,8 requires C, 21-25; H, 1-8; Cl, 628%). Hydro- 
lysis: 15 minutes, 33% Cl. The boiling point and density of this 
substance are, it will be observed, slightly but definitely lower than 
those of either of the other two isomerides. 

Some of these unsaturated tetrachloro fractions of intermediate 
hydrolysis yielded hexachloroethane on chlorination beyond the 
hexachloro-stage, indicating the presence in them of 8-chloroethyl 
«88-trichlorovinyl sulphide [compare (c) above], but the amount 
appeared to be relatively small. 

The rate at which the chlorination of 68’-dichlorodiethyl sulphide 
was carried out did not, apparently, influence the course of the 
reaction to any great extent, but from the data in Table II it would 
appear that production of unsaturated tetrachloro fractions having 
intermediate hydrolysis was favoured by the employment of com- 
paratively low pressures during the preliminary decomposition 
process, fractions rich in ««$-trichloroethyl 8-chlorovinyl sulphide, 
and hence having high hydrolysis, being, in general, obtained when 
pressures of 80—120 mm. were used. 

(e) Chlorination of ««8-Trichloroethyl -Chlorovinyl Sulphide (X).— 
When aa$-trichloroethyl f-chlorovinyl sulphide was treated with 
chlorine (1 mol.) in the cold, slight evolution of hydrogen chloride 
occurred, but the main reaction was one of addition, «««’86’p’-heaxa- 
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chlorodiethyl sulphide (X1) being obtained in 70—75% yield. This, 
after two fractionations, was a colourless oily liquid, b. p. 159—160°; 
15 mm., d? 1-6841, d?° 1-6783, 7?" 0-294 dyne/cem.?, and n}" 1-568] 
(Found: C0, 16-2; H, 1-3; Cl, 71-7; M, cryoscopic in benzene, 296, 
C,H,C1,S requires C, 16-2; H, 1-4; Cl, 71-7%; M, 297). Hydrolysis: 
15 minutes, 31; 150 minutes, 55% Cl. 

“ On heating at 200°/100—120 mm. for 3—4 hours, this hexachloro. 
sulphide, unlike its ««8868’-isomeride [compare (c) above], lost 
hydrogen chloride and gave an unsaturated pentachloro-derivative, 
af8-trichloroethyl «B-dichlorovinyl sulphide (XII), in 65—70% yield. 
The latter after three fractionations was a colourless liquid, b. p. 
134—135°/15 mm., d?” 1-6293, d? 1-6236, 7° 0-065 dyne/cm.?, and 
n# 1-5778 (Found: C, 18-5; H, 1-35; Cl, 68-2; M, eryoscopic in 
benzene, 260. C©,H,C1,S requires C, 18-4; H, 1-2; Cl, 68-1%; M, 
260). Hydrolysis: 15 minutes, 32-5; 150 minutes, 66% Cl; of the 
latter, however, only 59°, was found by Volhard estimation to be due 
to hydrochloric acid. 

By the addition of one molecule of chlorine in the cold to this 
unsaturated pentachloro-compound, and fractionation of the 
product, aa«’B8’B’-heptachlorodiethyl sulphide (XIIL) was obtained 
in 60—70% yield as a colourless viscid liquid, b. p.. 170—172°/ 
15 mm., d?" 17473, d? 1-7415, 7” 0-427 dyne/cm.?, and nf" 1-5741 
(Found : C, 14:5; H, 0-9; Cl, 74:8; M, eryoscopic in benzene, 329. 
C,H,C1,8 requires C, 14-5; H, 0-9; Cl, 74:9%; M, 331). Hydro. 
lysis : 15 minutes, 4; 150 minutes, 32% Cl. No hexachloroethane 
was obtained when this heptachloro-sulphide was further chlorinated 
in the cold. 

All the above compounds, and also the unsaturated tetrachloro- 
sulphide from which they were derived, appeared to evolve hydrogen 
sulphide during hydrolysis. 

(f) Chlorination of Unsaturated Tetrachloro Fractions of Inter- 
mediate Hydrolysis.—By the addition of one molecule of chlorine 
to wnsaturated tetrachloro fractions. of intermediate hydrolysis 
[see (d) above], and repeated fractionation of the product, a satur- 
ated hexachloro-sulphide, presumably mainly aa«’86’-hexachloro- 
diethyl sulphide (XVIII), was obtained in 70% yield; b. p. 157— 
159°/15 mm., d? 1-6825, d=" 1-6763, 1°" 0-273 dyne/em.?, and np 
1-5681 (Found: C, 16-5; H, 13; Cl, 71-6. C,H,C1,8 requires C, 
16-2; H, 14; Cl, 71-7%). Hydrolysis: 15 minutes, 25; 150 
minutes, 56% Cl. 

This, when heated at 200°/100—110 mm. for 3 hours, lost hydrogen 
ehloride to form an unsaturated pentachloro-sulphide, possibly 
«8-dichloroethyl a®®-trichlorovinyl sulphide (XIX), in 60°, yield, 
which, after three fractionations, had b. p. 133—134°/15 mm., 
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i 1-6190, d? 1-6131, 4” 0-063 dyne/cm.?, and nj 1-5770 (Found ; 
(, 18:3; H, 1-4; Cl, 67-6. C,H,C1,S requires C, 18-4; H, 1:2; Cl, 
681%). Hydrolysis: 15 minutes, 32; 150 minutes, 66% Cl. Of 
the latter, 60°/, was found by Volhard estimation to be due. to 
hydrochloric acid. 

When this unsaturated pentachloro-sulphide was treated with 
chlorine (1 mol.) in the cold, hydrogen chloride was evolved con- 
tinuously, but only. the addition product could be separated on 
fractionation (yield, 50°). This, apparently «a«’8888’-heptachloro- 
diethyl sulphide (XX), was obtained in too small quantity to permit 
of adequate purification, but after one further fractionation through 
asmall column, it had b. p. 132—134°/ca. 2 mm.,.d2" 1-743,.d?° 1-737, 
7 0-382 dyne/cm.?, and n#’ 1-5741 (Found :, C, 14-4; H, 1-0; Cl, 
745. C,H,C1,S requires C, 14:5; H, 0-9; Cl, 74:99). Hydrolysis : 
15 minutes, 8% Cl. On further chlorination in the cold hexachloro- 
ethane was obtained. 

All these compounds, like those described in (d) and (e) above, 
evolved during hydrolysis a vapour having an odour like that of 
hydrogen sulphide. 

(g) Chlorination of 88'-Dichlorodiethyl Sulphide with Four Mole- 
cules of Chlorine —The complete conversion of §8’-dichlorodiethyl 
sulphide into hexachloro-sulphides by treatment with chlorine 
(4 mols.) in the cold was not found possible, maximum yields being 
obtained when about 3-5 mols. of chlorine were used (compare 
Expt. 11). Chlorination beyond this point resulted in partial 
destruction of the hexachloro-sulphides already formed, low-boiling 
chlorinated hydrocarbons and other degradation products being 
obtained on subsequent distillation, together with a residual tetra- 
chloro fraction (compare Expts. 12, 35, and 36). 

By reason of the number of isomerides possible and of the extreme 
difficulty of separating them, no attempt was made to isolate and 
identify the hexachlorodiethyl sulphides obtained in these experi- 
nents, investigation of the products of the reaction being restricted 
to an examination of the accompanying degradation products, and 
of the unsaturated pentachloro-compounds resulting from the 
decomposition of the hexachloro fractions. 

In Expt. 35, the hexachloro-sulphide obtained (Found: C, 16-1; 
H, 1-5; Cl, 71-6%) had b. p. 158—159°/15 mm., d?" 1-6787, and 7?” 
)}284 dyne/cm.*, and decomposed, on being heated at 200°/100 mm. 
for 4 hours, to give an unsaturated pentachloro-sulphide having b. p. 
133—134°/15 mm., d# 1-6237, 7" 0-067 dyne/cm.?, nf" 1-5783, and 
15-minute hydrolysis of 33% Cl (Found: ©, 18-3; H, 1-3; Cl, 
67-8%,),. These values approximate closely to those found for 
aae’88’8’-hexachlorodiethyl sulphide (XI) and its decomposition 
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product, «$6-trichloroethyl «$-dichlorovinyl sulphide (XII), respec. 
tively [compare (e) above]. 

In Expt. 36, in which 5-37 mols. of 68’-dichlorodiethyl sulphide 
were treated with 22-12 mols. of chlorine, the product, after 
decomposition by heating and subsequent fractionation, yielded 
0-6 mol. of a«a8-tetrachloroethane, b. p. 35—36°/20 mm. or 129— 
129-7°/760, mm. (Found: C, 14:7; H, 1:2; Cl, 84:5. Cale. for 
C,H,Cl,: C, 14:3; H, 1-2; Cl, 84-5%), together with 0-26 mol. of an 
unstable yellow liquid, b. p. 53-8°/3-5 mm., which appeared to be 
impure trichloroethyl sulphur chloride (Found: C, 13-4; H, 1-1; Q, 
69:1; 8, 15-0; M, cryoscopic in benzene, 191. C,H,Cl,8 requires 
C, 12-0; H, 1-0; Cl, 71-0; 8, 16-0%; M, 200). 

Owing to the comparatively high pressure employed, the hexa- 
chlorodiethy] sulphide formed in this experiment underwent more or 
less complete decomposition during the preliminary heating process. 
The unsaturated pentachloro-sulphide derived from it, and 
occurring in the distillate, appeared to consist chiefly of «$-dichloro- 
ethyl «$8-trichlorovinyl sulphide (XIX), the-middle portion, after 
purification, having b. p. 133-5—134°/15 mm., d?” 16183, d?" 1-6125, 
7” 0-069 dyne/cm.*, and »?* 1-5750 (Found: C, 18-55; H, 1-15; 
Cl, 67-7. -C,H,C1,S requires C, 18-4; H, 1-2; Cl, 681%). Hydr. 
olysis : 15 minutes, 31; 150 minutes, 66% Cl; 63% of the latter 
being actually due to hydrochloric acid. When this portion was 
treated with one molecule of chlorine, absorption took place, 
accompanied by evolution of hydrogen chloride, and the product, on 
fractionation, yielded a heptachlorodiethyl sulphide, b. p. 144—146°/ 
5-5 mm., d%" 1-7373, d% 1-7325, 7” 0-379 dyne/em.?, nz” 1-5739 
(Found: ©, 14-4; H, 1-0; Cl, 74-8. C,H,Cl,S requires C, 145; 
H, 0-9; Cl, 74-9%), and hydrolysis: 15 minutes, 5; 150 minutes, 
30% Cl, which yielded hexachloroethane on further chlorination. 

The higher-boiling portion of the pentachloro fraction obtained in 
this experiment appeared to contain a heavier isomeride, possibly 
(XII) or (XV) or both. It had b. p. 184—134-5°/15 mm., d?" 1-6248, 
d% 1-6195, and 7" 0-069 dyne/cm.? (Found: C, 18-4; H, 1-2; Cl, 
67:5; 8, 12-4. C,H,Cl,8 requires C, 18-4; H, 1:2; Cl, 68-1; §, 
12-3%). Hydrolysis, 15 minutes, 36% Cl. Both fractions evolved a 
vapour resembling hydrogen sulphide during hydrolysis. 

In none of the cases examined was ««$888’-hexachlorodiethyl 
sulphide (VIII) formed in appreciable quantity by the treatment of 
8’-dichlorodiethyl sulphide with four molecules of chlorine, hexa- 
chloroethane being absent from the degradation products. as-Tetra- 
chloroethane and yellow oils resembling trichloroethy] sulphur chloride 
were of frequent occurrence in the latter, and the accompanying 
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unsaturated tetrachloro fractions consisted for the most part of 
ax9-trichloroethyl 8-chlorovinyl sulphide (X). 


Summary. 

An extended study of the chlorination of 8$’-dichlorodiethyl 
sulphide with two and more mols. of chlorine has confirmed the view, 
advanced previously (J., 1928, 155) and independently of the work of 
Lawson and Dawson (J. Amer. Chem. Soc., 1927, 49, 3119, 3125), that 
the «86’-trichloro- and «888’-tetrachloro-diethyl sulphides of Mann 
and Pope (J., 1922, 131, 594) are 6-chloroethyl «$-dichlorovinyl and 
298-trichlorovinyl sulphides, respectively, and that the formation of 
chloroethyl chlorovinyl sulphides is in all cases due to the loss of 
hydrogen chloride from saturated polychlorodiethy] sulphides, which 
are the first, but less stable products of chlorination. Further, 
contrary to previous views, chlorination is not confined to one 
chain, as is proved by the isolation from amongst the products of 
direct chlorination of {8’-dichlorodiethyl sulphide of new tetra- 
and penta-chlorinated ethyl vinyl sulphides and hexachlorodiethyl 
sulphides. The pentachlorinated ethyl vinyl sulphides furnish 
heptachlorodiethyl sulphides on further addition of chlorine. A 
mechanism of the course of chlorination is suggested. 


EXPERIMENTAL STATION, RESEARCH ESTABLISHMENT, SUTTON OAK, 


Porton, SALISBURY. St. Hertens, LAncs. 
[ Received, November 14th, 1928.] 


LXXX.—The Nitration of Benzylpyridines and the 
Oxidation of Benzylpiperidines. 
By Frank Bryans and Frank LEE PyMan. 


TaE nitration of the 2-, 3-, and 4-benzylpyridines was undertaken as 
a sequel to the nitration of the 2-, 3-, and 4-phenylpyridines (Forsyth 
and Pyman, J., 1926, 2912), and it was found that the proportion 
of the meta-isomeride produced (in the case of the 2- and 4-sub- 
stituted compounds) was greatly diminished in the benzylpyridines 
as compared with the phenylpyridines, the yields of the nitro- 
compounds (or oriented degradation products) being as follows :— 


Yields (°) of Nitration Products. 
Phenylpyridines. Benzylpyridines. 
3-. 4-. 








8 
2 


<b 4: 
63-1 70- 
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These results harmonise with Goss, Hanhart, and Ingold’s 
observations (J., 1927, 250) that 8-phenylethylamines yield a much 
smaller proportion of the m-nitro-substituted compounds (12%, in 
the case of 6-phenylethylamine) than do the benzylamines (49%, in 
the case of benzylamine). 

Since we were in possession of quantities of the 2- and 4-benzyl- 
pyridines, it appeared to us to be of interest to determine whether 
their reduction products, the 2- and 4-benzylpiperidines, and also 
2-benzyl-1-methylpiperidine, underwent the same type of fission on 
oxidation with sulphuric acid and manganese dioxide as the 
1-benzyltetrahydroisoquinolines or 1-benzyl-2-methyltetrahydro. 
isoquinolines (Pyman, J., 1909, 95, 1266, 1738). This, however, 
proved not to be the case. 


ExPERIMENTAL. 


The 2- and 4-benzylpyridines were prepared by the action of 
benzyl chloride on pyridine, and separated either by fractionation 
of the picrates (Tschitschibabin’s method, J. Russ. Phys. Chem. 
Soc., 1901, 33, 249; 1915, 47, 1297) or by fractional distillation under 
atmospheric pressure. These bases, their reduction products, the 
2- and 4-benzylpiperidines, and the picrates of each had the b. p.’s 
or m. p.’s recorded by Tschitschibabin. The following new 


derivatives were prepared : 

1-Benzenesulphonyl-2-benzylpiperidine, prisms from ligroin, m. p. 
65° (corr.) (Found : C, 68-2; H, 6-9; 8, 9-8. C,,H,,O,NS requires 
C, 68-6; H, 6-7; S, 10-2%). 

1-Benzoyl-2-benzylpiperidine, microscopic needles from ligroin, 
m. p. 68° (corr.) (Found: C, 81:5; H, 7:7; N, 4:8. C, H,,ON 
requires C, 81-7; H, 7-5; N, 5-0%). 

1-Benzenesulphonyl-4-benzylpiperidine, needles from alcohol, m. p. 
118° (corr.) (Found : C, 68-6; H, 6-7; 8, 9-9. C,,H,,O,NS requires 
C, 68-6; H, 6-7; 8, 10-2%). 

2-Benzyl-1-methylpiperidine could. not be prepared by the 
reduction of 2-benzylpyridine metho-salts, but was obtained in poor 
yield (12%) by heating 2-benzylpiperidine (6 g.) with methyl 
iodide (5 g.) for 10 hours at 130°, 2-benzylpiperidine being removed 
from the tertiary bases obtained as the benzoyl derivative. The 
picrate crystallised from alcohol in yellow prisms, m. p. 181° (corr.) 
(Found: N, 13-1. C,,H,.0,N, requires N, 13-4%). The base 
regenerated from the picrate had b. p. 305—310°/740 mm. 

Nitration of 2-Benzylpyridine —2-Benzylpyridine nitrate [anhydr- 
ous prisms from dilute nitric acid, m. p. 116° (corr.) (Found: ¢, 
61:7; H, 5-2. C,,H,,N,HNO, requires C, 62-1; H, 5-2%)] (10 ¢:) 
was added to concentrated sulphuric acid (20 c.c.), cooled in ice, 
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during $ hour. The mixture was warmed at 50° for 5 minutes, 
poured on ice, and precipitated fractionally by ammonia, giving 
first 2-p-nitrobenzylpyridine (5-42 g.; m. p. 76—78°), then an oil 
(3:72 g.). Attempts to separate this oil by fractional precipitation 
of the base from a salt, or by fractional crystallisation of various 
salts, were unsuccessful, but on oxidation in neutral suspension 
with potassium permanganate (5 g.) in water (400 c.c.), it gave a 
mixture of nitrobenzoylpyridines (3-3 g., m. p. 85—100°). When 
this was treated with a limited quantity of water, 2-m-nitrobenzoy]- 
pyridine (1:05 g.; m. p. 117—120°) remained undissolved; the 
solution deposited 2-p-nitrobenzoylpyridine (0-8 g.; m. p. 105°). 
The yields of nitration products isolated are thus para 66-7, and 
meta 10-4°% of the theoretical. 

2-p-Nitrobenzylpyridine had m. p. 81° (T.,* 81°); its picrate, 
m. p. 185—187° (T., 185°); nitrate, m. p. 132° (corr.); and hydro- 
chloride, m. p. 190° (corr.). It gave on oxidation 2-p-nitrobenzoy]- 
pytidine, m. p. 105° (T., 103°), giving a hydrochloride, m. p. 187° 
(Koenigs, Ber., 1926, 59, 1717, gives m. p. 173°). 

2-m-Nitrobenzoylpyridine crystallises from alcohol in prisms or 
from water in needles, m. p. 122° (corr.) (Found: C, 63-0; H, 3-5. 
C,pH,O,N, requires C, 63-2; H, 3-5%). Its orientation was deter- 
mined by oxidation with permanganate,* m-nitrobenzoic acid 
(m. p. 140° alone or mixed with a known specimen) being isolated 
in 14% yield. 

Nitration of 3-Benzylpyridine.—3-Benzyl pyridine nitraie[anhydrous 
prisms from dilute nitric acid, m. p. 140° (corr.) (Found : C, 61-8; 
H, 5-0%)] (3 g.) was added slowly to concentrated sulphuric acid 
(10 c.c.) cooled in ice. The mixture was warmed at 50° for 5 
minutes, poured on ice, and fractionally precipitated with ammonia. 
The first two crops (1-52 g.) became crystalline and after recrystal- 
lsation from alcohol gave pure 3-p-nitrobenzylpyridine (1-44 g.; 
mn. p. 88°). Later crops (1-30 g.) were oily and were converted into 
uitrate; when this was crystallised from a large volume of aqueous 
alcohol, the nitrate of the p-isomeride separated (0-14 g., m. p. 157°). 
Previous attempts to effect the further separation of similar mixtures 
of nitro-3-benzylpyridines either as such or as the nitrobenzoyl- 
pyridines having proved fruitless, on this occasion the mixture was 
ixidised with permanganate; a mixture of nitrobenzoic acids 
(23 g.) was then obtained from which 0-09 g. of p-nitrobenzoic 
aid (m. p. 234°) and a trace of m-nitrobenzoic acid (m. p. 118— 
125°) were isolated. 

The yields of nitration products are thus para, 63:1%; meta, 
trace. 


* T = Téchitschibabin. 
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3-p-Nitrobenzylpyridine crystallises from alcohol in small colour. 
less prisms, m. p. 88° (corr.) (Found : C, 67-5; H, 4-8. C,2H,,0,N, 
requires C, 67:3; H, 4:7%). It is sparingly soluble in water, but 
readily soluble in alcohol or ether. The picrate crystallises from 
alcohol as a flocculent mass of needles, m. p. 145—146° (corr,) 
(Found: N, 15-4. C,,H,,0,N,,C,H,O,N, requires N, 15-8°%). 
The nitrate forms clusters of needles, m. p. 157° (corr.), from water 
or alcohol. 

3-p-Nitrobenzoylpyridine was prepared by heating the above base 
(1-4 g.) with potassium permanganate (7 g.) in 3°, aqueous solution 
for $ hour, destroying the excess of permanganate with alcohol, and 
filtering the solution; it separated, on cooling, in needles, m. p. 
106° (corr.), the yield being 1-0 g. (Found: C, 62-9; H, 36. 
C,.H,O,N, requires C, 63-2; H, 3-5%). Its picrate crystallised 
from alcohol in glistening plates, m. p. 185—187° (corr.). The 
final mother-liquor from the permanganate oxidation was acidified 
and gave p-nitrobenzoic acid (0-21 g., m. p. 235°; mixed m. p. 235°), 
whence the orientation of the nitro-group in the above bases is known. 

Nitrationof 4-Benzylpyridine.—4- Benzyl pyridine nitrate[anhydrous 
prisms, m. p. 110° (corr.), from dilute nitric acid (Found: C, 623; 
H, 5-1%)] (16 g.) was added to concentrated sulphuric acid (30 c.c.), 
cooled with ice, in thé course of } hour. The mixture was warmed 
at 50° for 5 minutes, poured on ice, basified with ammonia, and 
extracted with ether. The extract gave an oil (15-6 g.) which 
crystallised on keeping, and after recrystallisation from alcohol 
gave 4-p-nitrobenzylpyridine (9-9 g., m. p. 74°). The alcoholic 
mother-liquor left an oil, which was oxidised with permanganate 
and gave a mixture of nitro-4-benzoylpyridines (3-1 g., m. p. 8 
100°). This material was converted into hydrochlorides an 
crystallised fractionally from alcohol, giving first 4-m-nitrobenzoyl 
pyridine hydrochloride (0-87 g., m. p. 245°; giving with ammonia 
the base, m. p. 129°), then the hydrochloride (0-9 g., m. p. 198°) of 
the para-isomeride, which gave with ammonia pure 4-p-nitro 
benzoylpyridine (0-5 g., m. p. 121°). The final liquor was con 
centrated and basified, and the precipitate crystallised to constant 
m. p. from water; a substance (0-34 g.) of m. p. 75° was the 
obtained which is presumably 4-o-nitrobenzoylpyridine. The yield 
of nitration products isolated are thus para 70-2, meta 4:8%. 

4-p-Nitrobenzylpyridine had m. p. 74° (T., 74°); its picrate 
m. p. 168° (T., 167°). 4-p-Nitrobenzoylpyridine had m. p. 121 
(T., 123°). 

4-m-Nitrobenzoylpyridine crystallises from water in needles 
m. p. 129° (corr.) (Found: C, 62-8; H, 3-9. C,,H,O,N, require 
C, 63-2; H, 35%). On oxidation’ with potassium permanganat 
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it gave m-nitrobenzoic acid (m. p. 140°; mixed m. p. 140°) in 25% 
yield. 


One of us (F. B.) is indebted to the Department of Scientific and 
Industrial Research for a grant which he desires gratefully to 
acknowledge. 


MuNIcIPAL COLLEGE oF TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. [Received, February 15th, 1929.] 





LXXXI.—The Rearrangement of Phenyl Benzyl Ethers. 
By Watiace FRANK SHort and Martin Lovuts Stewart. 


THE rearrangement of phenyl benzyl ether has been observed by 
van Alphen (Rec. trav. chim., 1927, 46, 804) and by Short (J., 
1928, 528). The former obtained a small quantity of 4-hydroxy- 
diphenylmethane by heating phenyl benzyl ether to 160° with 40% 
of anhydrous zinc chloride. Short heated phenyl benzyl ether with 
the catalyst until a visible reaction set in (225° with zinc chloride * 
alone, 180° with zinc chloride and a current of hydrogen chloride) 
and isolated phenol and 2- and 4-hydroxydiphenylmethane. Van 
Alphen holds that the reaction is intramolecular, but in view of the 
experimental results set out below we consider that the reaction, 
like the rearrangement of alkylaniline hydrochlorides (Beckmann and 
Correns, Ber., 1922, 55, 852; compare, however, Derrick, J. Amer. 
Chem. Soc., 1924, 46, 166; Hickinbottom, J., 1927, 64) and of the 
diacylanilines (Chapman, J., 1925, 127, 2818), is intermolecular. 
(i) 2:4-Dibenzylphenol is one of the main products of the 
rearrangement of phenyl benzyl ether under all the conditions tried. 
(ii) Phenyl benzyl ether is attacked by hydrogen chloride at 100° 
with the formation of benzyl chloride and phenol, which are known 
to react to form 2- and 4-hydroxydiphenylmethane. Table I 
shows the products obtained from 100 g. of phenyl benzyl ether. 
The necessity for a catalyst and the absence of dibenzyl in the 
products show that the benzyl does not migrate as a free radical. 
(iii) When the rearrangement of phenyl benzyl ether is carried 
ot in presence of anisole (1 mol.), more than half the benzyl 
becomes attached to the anisole nucleus (B, Table II). Appro- 
ptiation by the anisole is probably favoured by the smaller initial 
oncentration of the phenol, and competition experiments (A, 
Table II) in which benzyl chloride was heated with equivalent 
quantities of phenol and anisole bear this out. 


* It is well known that zinc chloride, if it is at all damp, may contain free 
hydrogen chloride. 
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0° 


Temperature 1 
Catalyst ZnCil,(40 g.) ZnCl,(2 g.); HCl 
l 3 


Duration (hours) 
Phenol 23-8 13-4 


bo 


Benzyl chloride — 

2-Hydroxydiphenylmethane 9-0 

4-Hydroxydiphenylmethane  ... 19-4 28 

2 : 4-Dibenzylphenol 40-4 15 

Resinous material 27-4 * 36 
* By difference. 


4 
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TaBLeE II. 


Products (g.) from 0-4 g.-mol. A. B. 
quantities. Condensation. Rearrangement. 


Hydroxydiphenylmethanes 

2 : 4-Dibenzylphenol 

4 Methoxpdighenyinitiiaie 

2 : 4-Dibenzylanisole 

Partition of benzyl chloride, PhOMe/PhOH 

Condensation of quinol monomethyl ether with benzyl chloride 
gives a homogeneous product in which the benzyl is doubtless 
directed ortho by the hydroxyl. This is another illustration of 
the fact first established by Wibaut (Rec. trav. chim., 1915, 3, 241) 
that the velocity of substitution induced by the simultaneous 
presence of two substituents in the benzene nucleus may be wholly 
different from that induced by the substituents separately. 

The identification of 2- and 4-hydroxydiphenylmethane was 
confirmed in all cases by the preparation of their benzyl ethers, 
which we have synthesised. A very small capacity for crystallis- 
ation appears to be characteristic of the dibenzylphenols and their 
derivatives. 2:4- and 2: 6-Dibenzylphenol, which are strongly 
cryptophenolic, were prepared from benzyl chloride and the sodium 
derivative of 4- and 2-hydroxydiphenylmethane, respectively, in 
dry toluene. Claisen has shown (Annalen, 1925, 442, 238) that 
phenols are benzylated in the ortho-position by this method, and 
potash fusion of the isomeride believed to be 2 : 4-dibenzylphenol 
now gives a small yield of 4-hydroxyisophthalic acid, which helps to 
confirm this. 2: 4-Dibenzylphenol was identified in all cases by 
the preparation of its «-naphthylurethane. 


EXPERIMENTAL. 


Phenyl benzyl ether was obtained in 73% yield by a modification 
of the method due to Gomberg and Buchler (J. Amer. Chem. Soc., 
1920, 42, 2066). A solution of phenol (140 g.; 1-5 mols.) in 600 c.. 
of aqueous sodium hydroxide (60 g.; 1-5 mols.) was boiled gently 
for 1 hour with benzyl chloride (126 g.; 1 mol.). Unchanged 
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phenol was removed from an ethereal solution of the product by 
extraction with alkali. The solvent was removed from the dried 
solution, and the residue yielded pure phenyl benzyl] ether (m. p. 39°) 
on recrystallisation from 95% alcohol. 

2-Hydroxydiphenylmethane and 2: 6-Dibenzylphenol.—Sodium 
phenoxide (from 94 g. of phenol) was condensed with benzyl chloride 
(126 g.) in dry toluene as described by Claisen (Annalen, 1925, 442, 
238). Phenol and 2-hydroxydiphenylmethane (m. p. 21°) were 
extracted from the product by means of alkali. The residue from 
the toluene solution was repeatedly fractionated at 10 mm. and 
yielded two main fractions: (1) 150—153°, (2) 237-5—238°. The 
frst fraction solidified completely and after recrystallisation 
from alcohol melted at 38—39° and did not depress the m. p. of 
phenyl benzyl ether. The production of this ether is probably 
due to the presence of phenol, produced in the reaction 2PhONa + 
2CH,PhCl = (CH,Ph),C,H,-OH + PhOH + 2NaCl, which, as a dis- 
sociating solvent, promotes the formation of O-alkyl derivatives 
from sodium phenoxides and alkyl halides (Claisen, loc. cit.; Busch, 
Ber., 1927, 60, 2244). Fraction (2) consisted of a light yellow, 
viscous oil which could not be induced to solidify. Analysis 
showed it to be a dibenzylphenol (Found : C, 87-4; H, 6-6. Cj 9H,,0 
requires C, 87-6; H, 6-6°%) and the orientation of the benzyl groups 
is indicated by the method of preparation and by comparison with 
the 2:4-isomeride. The benzyl ether of 2: 6-dibenzylphenol was 
prepared by the interaction of the pheno] (3-4 g.), sodium (0:3 g.), 
and benzyl chloride (1-5 g.) in solution in 95% alcohol (110 c.c.) at 
100°. It crystallised from ligroin—methyl alcohol in colourless 
plates, m. p. 65° (Found: C, 88-9; H, 7:2. C,,H,,O requires 
C, 89-0; H, 6-6%). The «-naphthylurethane of 2 : 6-dibenzylphenol 
was obtained by heating a mixture of «-naphthylcarbimide (1-3 g.) 
with the phenol (2-2 g.) almost to the b. p. for 3 minutes. The oily 
product was extracted with hot ligroin and filtered from the di-«- 
naphthylearbamide. The product softened slightly at 161° and 
melted at 165—166° (Found : N, 3-3. C,,H,;0,N requires N, 3-2%). 

4-Hydroxydiphenylmethane-—The method of van Alphen (Rec. 
trav. chim., 1927, 46, 803) was found to give poor yields and was 
therefore modified. Phenol (110 g.; 1-2 mols.) was condensed 
with benzyl chloride (126-5 g.; 1 mol.) in presence of anhydrous 
zinc chloride (2 g.) in the following manner. A mixture of the 
phenol, zine chloride, and half the benzyl chloride was warmed 
gently until reaction set in, the remainder of the benzyl chloride 
was added in two portions at intervals of 1 hour, and the mixture 
was finally heated to 100° to complete the reaction. The product 
was dissolved in ether, washed with a small quantity of sodium 
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carbonate solution, dried, and fractionated at 10 mm. through a 
jacketed Vigreux column. The following fractions were separated : 
(1) 70—180° (75 g.), (2) 180—190° (70 g.), (3) 254—256° (31 g,), 
Fraction (1) consisted mainly of phenol. Fraction (2) contained 
2- and 4-hydroxydiphenylmethane. A sharp separation of these 
two substances could not be effected by making use of the different 
solubilities of the barium salts (Friedr. Bayer Patentanmeldung 
53443, 1923), but they were easily separated by taking advantage of 
the fact that the ortho-compound separates completely as a heavy 
oil as soon as a hot solution of the mixture in ligroin is cooled 
slightly. The pure para-compound (62 g., m. p. 84°) was deposited 
by the mother-liquor on cooling. Fraction (3) proved to be 
2:4-dibenzylphenol and was identified by conversion into the 
a-naphthylurethane, m. p. 143—144° (see below). 

2- and 4-Benzyloxydiphenylmethane.—These benzyl ethers were 
prepared by heating the phenol (8 g.), benzyl chloride (5-5 g.), and 
a solution of sodium ethoxide (from 1 g. of sodium) in 95% alcohol 
(300 c.c.) for 3 hours at 100°. The product was poured into water, 
extracted with ether, dried, and freed from the solvents. 

2-Benzyloxydiphenylmethane may be recrystallised from warm 
methyl alcohol and melts at 38° (Found : C, 87-5; H, 6-7. C, H,,0 
requires C, 87-6; H,6-6%). 4-Benzyloxydiphenylmethane crystallises 
from ethyl alcohol in glistening needles, m. p. 49-5° (Found : C, 87-6; 
H, 6-6%). These ethers are not hydrolysed by concentrated boiling 
hydrochloric acid or sodium hydroxide, but boiling hydriodic acid 
causes fission of the molecule with production of benzyl iodide. 

2 : 4-Dibenzylphenol_—A solution of 4-hydroxydiphenylmethane 
(46 g.; 1 mol.) in dry toluene (200 c.c.) was added to sodium wire 
(5-8 g.; 0-8 mol.) immersed in 400 c.c. of toluene. The mixture 
was cautiously warmed, and a solution of benzyl chloride (31-7 g.; 
1 mol.) in toluene (100 c.c.) added during 1 hour. The mixture was 
then slowly heated to the b. p. and boiled gently for 5 hours. The 
product was washed with water and ‘sodium hydroxide solution, 
dried over calcium chloride, and freed from toluene. The residue 
was fractionated at 10 mm. and gave a pale yellow oil (25 g.; yield, 
36%), b. p. 252—254° (Found: C, 87-3; H, 6-7. C,9H,,O requires 
C, 87-6; H, 66%). The position of the benzyl groups was deter- 
mined by fusion with potash. Dibenzylphenol (6 g.), potassium 
hydroxide (120 g.), and water (24 g.) were heated to 220°, and lead 
dioxide (22 g.) introduced during an hour. The product was lixivi- 
ated with water, filtered from litharge and resin, acidified, and 
extracted with ether. The solvent was removed and the residue 
distilled in a current of steam. The distillate contained benzoic 
acid (1-7 g., m. p. 122°). The residue was boiled with water and 
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passed through a hot filter to remove resinous material. The 
cream-coloured solid deposited by the filtrate on cooling was 
recrystallised from boiling water; the acid obtained (0-05 g.) melted 
at 308—309° and gave an intense cherry-red coloration with aqueous 
ferric chloride. The melting point of 4-hydroxyisophthalic acid is 
310° (Graebe and Krafft, Ber., 1906, 39, 798). 

The benzyl ether, benzoate and diphenylurethane of 2: 4-di- 
benzylphenol could not be induced to crystallise, but the «-naphthyl- 
urethane formed light yellow crystals (from ligroin), m. p. 143—144° 
(Found: N, 3-2. C,,H,,O,N requires N, 3-2%). 

Identification of 4-Methoxydiphenylmethane.—This compound, 
which melts at 20—21° (Spath, Monatsh., 1913, 34, 2007), is liquid 
at atmospheric temperature and, since it was encountered during 
our experiments, we developed the following methods for its 
identification. (1) The methoxy-compound (5 g.) was demethyl- 
ated in the usual way by heating for 1 hour with 58% hydriodic 
acid (12 g.). The resulting 4-hydroxydiphenylmethane melted at 
84° after crystallisation from petroleum spirit. (2) Contrary to the 
statement of Rennie (J., 1882, 41, 37, 227), the oxidation of 
4-methoxydiphenylmethane with alkaline permanganate yields 
benzoic acid, and not 4-methoxybenzophenone, as main product. 
Oxidation with sodium dichromate and sulphuric acid also proved 
unsatisfactory and, after numerous trials, the following method, 
which gives a 56% yield of the desired product, was ultimately 
evolved. 

4-Methoxydiphenylmethane (3 g.), dissolved in acetic acid 
(35 ¢.c.), was oxidised with chromic anhydride (7-9 g.) in the 
apparatus described by one of us (J., 1928, 2630). The product, 
isolated in the usual manner, was recrystallised from light petroleum 
and melted at 61—62°, which is the m. p. of 4-methoxybenzo- 
phenone recorded in the literature. 

Rearrangement of Phenyl Benzyl Ether —(A) Phenyl benzyl ether 
(70 g.) and zine chloride (28 g.) were heated at 160° for 1 hour. The 
product was poured into water (200 c.c.), and extracted with ether, 
and the solution dried. After the solvent had been removed, the 
residue was distilled at 10 mm. and the following fractions were 
collected : (1) 73—78° (16 g.), (2) 160—180° (22 g.), (3) 240—260° 
(27 g.). Fraction (1), most of which distilled at 75°, consisted of 
phenol (benzoate, m. p. 68°). Extraction of fraction (2) with alkali 
removed 2- and 4-hydroxydiphenylmethane and left phenyl benzyl 
ether (3 g., m. p. 39°). The mixture of hydroxydiphenylmethanes 
contained 6 g. of the o-compound (benzyl ether, m. p. 38°) and 13 g. 
of the p-compound (m. p. 84°). Fraction (3) consisted of 2 : 4-di- 
benzylphenol («-naphthylurethane, m. p. 143—144°). 

u2 
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(B) Phenyl benzyl ether (60 g.) was heated at 100° for 3 hours 
with anhydrous zine chloride (2 g.), a slow stream of dry hydrogen 
chloride being passed through the liquid, which was stirred mechanic. 
ally. A rapid current of steam was passed through the mixture for 
a few minutes and phenol (8 g.) was recovered from the distillate. 
The residue, when treated as described under (A), yielded 4-hydroxy. 
diphenylmethane (17 g., m. p. 84°), 2: 4-dibenzylphenol (9 g.), and 
resinous material (22 g.). 

(C) Phenyl benzyl ether (40 g.) was heated at 100° for 3 hours, a 
slow stream of dry hydrogen chloride being passed through the 
liquid, which was stirred mechanically. The product was diluted 
with water, neutralised with sodium bicarbonate, and extracted 
with ether. The solution was dried, freed from the solvent, and 
distilled. The following fractions were collected: (1) 82—84°/ 
15 mm. (13-5 g.), (2) 180—184°/10 mm. (8 g.), (3) 220—240°/2 mm. 
(5 g.). Fraction (1) yielded to sodium hydroxide 10 g. of phenol 
and the residue was identified as benzyl chloride by oxidation to 
benzoic acid (m. p. 122°). Solution of fraction (2) in light petroleum 
resolved it into 2-hydroxydiphenylmethane (3 g.; benzyl ether, 
m. p. 38°) and 4-hydroxydiphenylmethane (5 g.; m. p. 84°). 
Fraction (3) consisted of 2 : 4-dibenzylphenol («-naphthylurethane, 
m. p. 143—144°). 

Condensation of Anisole and Phenol with Benzyl Chloride.—Anisole 
(43-2 g.; 1 mol.), phenol (37-7 g.; 1 mol.), and anhydrous zinc 
chloride (1 g.) were heated to 100° and a slow stream of dry hydrogen 
chloride was passed through the vigorously agitated liquid. Benzyl 
chloride (50-6 g.; 1 mol.) was introduced in small portions during 
20 minutes, and heating was continued for a total period of 3 hours. 
The product was diluted with ether and extracted with moderately 
concentrated sodium hydroxide solution, to which it yielded phenol 
and the two hydroxydiphenylmethanes. The ether retained 
anisole, 4-hydroxydiphenylmethane, dibenzylanisole, and __ the 
cryptophenolic 2: 4-dibenzylphenol. Each of these mixtures was 
systematically fractionated under diminished pressure. In this 
way, phenol (25 g.), 2-hydroxydiphenylmethane (5 g.), and 
4-hydroxydiphenylmethane (12 g.) were separated from the alkali- 
soluble portion: they were identified as described in the previous 
sections. The alkali-insoluble mixture could easily be resolved into 
anisole (27 g.), 4-methoxydiphenylmethane (21-7 g.; b. p. 172— 
174°/10 mm.; identified by oxidation to 4-methoxybenzophenone, 
m. p. 61—62°), and a mixture (8-5 g.; b. p. 240—260°/10 mm.) of 
2:4-dibenzylphenol and 2:4-dibenzylanisole. It was found 
impracticable to separate this mixture into its constituents by 
fractionation. A portion of it was demethylated with 58% hydriodic 
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acid and the product gave an excellent yield of the «-naphthyl- 
urethane (m. p. 143—144°) of 2: 4-dibenzylphenol. This indicated 
the constitution of the mixture, and a quantitative determination 
of the methoxy-content showed the presence of 23% of dibenzyl- 
anisole. 

Rearrangement of Phenyl Benzyl Ether in Presence of Anisole.— 
Phenyl benzyl ether (73-6 g.; 1 mol.) and anisole (43-2 g.; 1 mol.) 
were heated to 100°, anhydrous zinc chloride (1 g.) was added, and 
a slow stream of dry hydrogen chloride passed through the liquid. 
At the end of 3 hours the product was worked up by the method 
already described. The alkali-soluble portion consisted of phenol 
(24 g.) and 4-hydroxydiphenylmethane (14 g.,m. p. 84°). The alkali- 
insoluble products contained anisole (23 g.), 4-methoxydiphenyl- 
methane (28-5 g.; identified by oxidation to 4-methoxybenzophenone, 
m. p. 61—62°), and a mixture (16 g., b. p. 240—255°/10 mm.) 
of 2:4-dibenzylanisole and 2:4-dibenzylphenol. The product 
obtained by demethylating a portion of this mixture gave a high 
yield of the «-naphthylurethane (m. p. 143—144°) of 2 : 4-dibenzyl- 
phenol. A methoxy-determination showed that the mixture in 
question contained 21% of dibenzylanisole. 

Quinol Monomethyl Ether and Benzyl Chloride——Quinol mono- 
methyl ether, m. p. 56° (Robinson and Smith, J., 1926, 393) (8 g.), 
mixed with benzyl chloride (9 g.) and anhydrous zine chloride 
(1 g.), was warmed until reaction set in and finally maintained at 
100° for 0-5 hour. The product was taken up in ether and extracted 
with alkali. The alkali-soluble products were distilled and the 
following fractions collected : (1) 120—165°/10 mm. (3 g.), (2) 190— 
240°/10 mm. (6 g.). A small quantity of high-boiling yellow oil was 
not distilled. Fraction (1) solidified on cooling and consisted of 
unchanged quinol monomethyl ether. The majority of fraction (2) 
distilled at 200°/10 mm. and solidified on cooling. It was recrystal- 
lised from ligroin until a constant m. p., viz., 77°, was attained 
(Found: C, 78-6; H, 6-6. C,,H,,0, requires C, 78-5; H, 6-5%). 
As the relative directive power of the hydroxy-group is superior to 
that of the methoxy-group, this product must be 2-hydroxy-4- 
methoxydiphenylmethane. This result agrees with the observation 
(Irvine and Smith, J., 1927, 74) that quinol monomethyl ether 
gives a homogeneous monobromination product. 


Our thanks are due to the Chemical Society for the loan of a 
vacuum pump. 


AUCKLAND UNIVERSITY COLLEGE, 
UNIVERSITY OF NEW ZEALAND. [Received, December 6th, 1928.] 
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LXXXII.—WNon-existence of Isomerism among the 
Dialkyltelluronium Dihalides. 


By Harry Ducatp Kerra Drew. 


VERNON (J., 1920, 117, 86, 897; 1921, 119, 105, 687) obtained two 
forms of dimethyltelluronium di-iodide and thence two distinct 
bases. He formulated these substances as follows : 
heating I Me Ag,O 
Te + 2Mel T as Meo le<q — 
(a-Di-iodide, red.) 
HO Me _ heatingin Me ‘ HI M I 
Me>"<OH ~vamun” Me>Te0 ——> ye>Te<] 
(a-Base.) (8-Base.) (8-Di-iodide, green.) 


and postulated planar distribution of the valencies of the tellurium 
atom. He obtained similar results with the dichlorides and 
dibromides, and was thus led to assign these substances to two 
distinct series (the «- and the §-series) of isomeric compounds. 

More recently, Lowry, Gilbert, and their collaborators have 
studied this supposed isomerism and have extended the theory 
to the diethyl homologues (J., 1928, 307, 1997, 3179; J. Soc. 
Chem. Ind., 1928, 47, 1246). They appear to attribute the isomerism 
to the non-equivalence, from the point of view of electron structure, 
of the halogen-tellurium linkings. 

The present author, considering the preponderance of both 
theoretical and experimental evidence to be against the occurrence 
of isomerism of the kind postulated, has re-examined the dimethyl- 
telluronium di-iodides and dibromides, and the two bases, and has 
reached the following conclusions. 

The long-known compounds of the «-series are, as would be 
expected from their mode of preparation, of the normal type, in 
which tellurium has probably a tetrahedral valency distribution. 
They are broadly non-polar in character. 

The compounds of the £-series are not isomeric with the corre- 
sponding members of the «-series, but are complex substances, of 
salt-like character, having the same empirical formule. 

The §-base is a mixed anhydride, of the formula TeMe,°O-TeMeO, 
which reacts with hydriodic acid to give colourless trimethyl- 
telluronium iodide (I) and a feebly acid substance, also colourless, 
methyl hydroxytellurium oxide (telluracetic acid) (II), or one of its 
anhydro-derivatives. The two products (I and II) are easily 
separated from each other, and the latter is readily converted by 
excess of hydriodic acid into methyltelluronium tri-iodide (III), an 
indigo-coloured crystalline substance, hydrolysable by hot water 
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but broadly non-polar in character. These two iodides readily unite, 
when mixed in molecuiar proportion in acetone solution, to give 
Vernon’s 8-di-iodide, obtained as magnificent greenish-black 
spangles identical with those produced on treating the aqueous 
3-base with hydriodic acid. The changes involved are : 


heatin, HI 
*Me,Te(OH) > Me,Te-O-TeMeO ——-> Me,Tel + MeTeO-OH 
(B-Base.) (I.) (II.) 
further HI 


— -> Me,TeI + MeTeI, —-> Me,TeI,MeTelI, 
(III.) (B-Di-iodide.) 


The change of the «- to the 8-base probably takes place through 
an anhydride (IV) of the «-base by a molecular rearrangement almost 
identical with those of the pinacol—pinacolin type; ¢.g., 


2Me,Te(OH), —> HO-Me,Te-O-TeMe,-OH (IV.) —> 


(a-Base.) Me,Te<?>TeMe, —> Me,Te” O\TeMeO 
(B-Base; V.) 


but the mechanism involved in the migration of the methyl group 
is of course still obscure. The migrating group has to pass between 
two atoms not joined together directly, as they are in the carbon 
series, but bridged by oxygen. Strict analogy with pinacol would 
demand a formula Me,Te-TeMeO for the f-base, and reductive 
changes would then have to be presumed with halide acids—the 
formation of the B-compounds being accompanied by that of other 
substances. Evidence in support of such an hypothesis has been 
sought but not obtained. 

The remaining alternative is to represent the 6-base by the formula 
Me,Te-TeMeO,, a structure which could only result by the pre- 
liminary migration of a hydroxyl ion thus : 


OH 
Me,Te< Ot + Me,Te(OH), —> Me,Té—TeMe,0(OH) 
—> Me,Te—TeMeQ,. 


Such a substance might be converted by hydriodic acid into TeMe,I 
and the tellurone, TeHMeO,; and the latter would then have to be 
regarded as isomerising to the tellurinic acid derivative, TeMeO(OH). 
On the whole, this alternative view of the structure of the 6-base is 
considered to be less probable than that previously suggested. 

If the view that the formation of the $-base involves a migration 
of a methyl group is correct, similar changes may be sought in, ¢.g., 
the silicon, germanium, tin, and lead series of alkyl and ary] halides 
and their bases. The occurrence of such changes may indeed 
account for the fact that compounds of the type MR,X, (X= 
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halogen) are less readily obtained (through, e.g., the Grignard 
reaction) than are those of the type MR,X when intermediate 
hydroxylation is involved in the method of isolation. 

Another crystalline, deeply coloured, complex iodide was isolated 
(see Experimental) in small quantities during the present work. 
This was Me,TeI,2Me,TeI, (VI), which forms permanganate. 
coloured crystals. It is less stable than the “ 8-di-iodide ” towards 
organic solvents. 

An examination of the behaviour of the 8-base with hydro- 
bromic acid confirmed the previous deduction as to its nature. 
Colourless, crystalline trimethyltelluronium bromide, TeMe,Br (VII), 
was produced, together with a white substance identical with (II), 
which, on treatment with hydrobromic acid, yielded a yellow 
crystalline substance, methyltelluronium tribromide, TeMeBr, (VIII), 
soluble in ether. These two bromides, (VII) and (VIII), combined 
together in molecular proportion to give Vernon’s “ 8-dibromide,” 
identity being proved by a mixed melting point and a comparison 
of the general properties of the substances prepared in the two ways. 

A small proportion of the «-base always accompanied the freshly 
isolated telluracetic acid, and the proportion of «-base increased when 
the product was kept in a desiccator for some weeks. It is probable, 
therefore, that telluracetic acid tends continually to change to a 
mixture of the «-base and tellurous acid, by the further wandering 
of a methyl group : 
2MeTeO-OH -——> Me,Te—-O-TeO-OH ——> Me,Te(OH),+TeO(OH),. 


This is borne out by the fact that telluracetic acid, like the «-base 
and the «-dihalides, has a persistent odour of dimethy] telluride. 

The «-base therefore tends towards an ultimate degradation to 
the most acid and the most basic substance possible, viz., tellurous 
acid and trimethyltelluronium hydroxide : 


3TeMe,(OH), = 2TeMe,OH + Te(OH),. 


Mixed “ 8-Dihalides.”—To answer a possible objection that the 
“* 8-dihalides ’”” might be formed by a rearrangement according to 
the equation TeMe,X + TeMeX, = 2TeMe,X,, it was sought to 
prepare “ §-dihalides”’ containing mixed halogens. This object 
was readily achieved. The appearance and properties of the mixed 
“ 8-dihalides ” show that they belong to the same family as Vernon’s 
8-dihalides, with which they form a series showing gradation of 
colours in crystals deposited, under uniform conditions, from 
acetone-chloroform solution. They are homogeneous substances, 
unaltered by further crystallisation. The series was : 
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TeMe,I,TeMel, : purple-black, with green lustre ; 
TeMe,Br,TeMel, : purple-red, with golden lustre ; 
TeMe,I,TeMeBr, : orange-brown ; 
TeMe,Br,TeMeBr, : yellow. 


It is clear that the halogens of both components contribute to the 
colour of each salt, even although the components TeMe,X are 
themselves colourless. The colour, however, is seen to be governed 
mainly by the halogens of the component TeMeX,, which are in 
excess. 

The components reacted to form the salts when ground together 
even in the absence of solvents. This and the foregoing observ- 
ations with regard to the colour changes show that the TeMe,X 
components possess each a mobile halogen atom, probably function- 
ing as a mobile anion; and it becomes highly probable that the salts 


are correctly represented by the general formula Me,'Te --+ TeMeX,, 
equivalent to the co-ordination formula [Me,Te]TeMeX,, in which 
all the halogens and alkyl groups are covalently linked to tellurium. 
The negatively charged tellurium atom is thus associated with 58 
electrons, if singlet linkings are assumed to be absent. 

This view received support from the fact that a mixture * of 
acetone solutions containing equimolecular proportions of the “‘ B-di- 
iodide” and potassium iodide, respectively, gives a precipitate of 
pure trimethyltelluronium iodide. The red filtrate, diluted with 
chloroform, gives a black substance which is probably the salt 


(TeMel, JK, since it is dissociated by moisture into potassium iodide 
and methyltelluronium tri-iodide. 

Vernon’s molecular-weight determinations of his $-dihalides in 
acetone and in nitrobenzene gave figures which were considerably 
higher than those demanded by his theory in the case of the iodide 
and the bromide, but not for the chloride. These results indicate 
that the salts are more readily ionised when X = Cl than when 
X= Br or I. Conductivity measurements of the salts in certain 
organic solvents are being carried out. 

A less probable alternative general formula for the “ 8-dihalides ” 


is [Me,Te-TeMeX,]X, which differs from the first formula only as 
regards the position taken up by a single electron. 

It was observed that such halides as ferric chloride and stannic 
bromide form coloured salts with trimethyltelluronium bromide or 
iodide. This suggests that there may be some analogy between the 
tellurium ‘‘ §-dihalides ’’ and the salts which the trisacetylacetone 
silicon, germanium, and titanium halides form with metallic chlorides, 


* The author is indebted to Dr. N, V, Sidgwick for suggesting this test. 
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e.g., [SiA,]AuCl,, [TiA,]FeCl,, [GeA,]CuBr,. The possibility is thus 
presented of being able to replace the supposedly chelate acety). 
acetone radical (A) of the latter salts by univalent alkyl or ary] 
groups. 

The assignment of a detailed formula to the triple salt (VI) must 
await further experimental evidence, but it may be noted that a 
salt of similar type occurs in the germanium series, viz, 
GeA,Br,2CuBr (Morgan and Drew, J., 1924, 125, 1261). 

The «-dihalides possess marked solubility in light petroleum and 
other non-hydroxylic soivents, and are therefore to be regarded as 
distinctly non-polar substances, which, however, are capable of 
becoming ionised under exceptional conditions. If certain oxygen- 
containing radicals, such as HSO, and NO,, were substituted for X, 
the resulting compounds would probably be typically polar (e.g., 


Me, Te< oon as first pointed out by the author (J., 1926, 3059). 
4 


The «-dihalides show normal molecular weights in benzene and 
in acetone. They are reduced to dimethyl telluride by alkali 
bisulphites, and are regenerated from the telluride by the direct 
addition of halogens. These and other experimental results 
establish fairly conclusively a monomeric formula for the «-dihalides. 

The central fact which results from the present work is, therefore, 


that the supposed isomerism of the dimethyltelluronium dihalides 
has no existence; and the same conclusion may be presumed to 
obtain for the diethyl and other homologues. Tellurium has, in all 
probability, not a plane, but a tetrahedral distribution of valencies. 


EXPERIMENTAL. 


The «-di-iodide, TeMe,I,, was prepared in the usual manner, and 
was recrystallised from chloroform, in which, contrary te Vernon's 
statement, it is quite stable (Found: C, 5-84; H, 1-46. Cale.: 
C, 5°84; H,1-47%). It melts at 130°. 

The $-base was prepared from this di-iodide as described 
by Vernon. The change of the «- to the 8-base occurs in a vacuum 
at 95°, and the crystals of the latter appear to be stable for at least 
an hour at this temperature. When the filtered solution was treated 
with hydriodic acid, the precipitate obtained was manifestly non- 
homogeneous, a black tar (subsequently solidifying) and red crystals 
separating at different stages. The whole, when dissolved in acetone 
and precipitated by chloroform, gave glistening crystals of Vernon’s 
8-di-iodide, which were either (a) deep purplish-red (Found: 
C, 6-04; H, 161%) or (6) bronzed greenish-black (Found : C, 5-97; 
H, 1-78%). Since the two varieties can be obtained from the same 
solution by precipitation under slightly different conditions, they 
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are probably the same substance. Each gives a reddish-purple 
streak, and the purple powder becomes black (decomposition) 
between 80° and 85°. The substance was almost insoluble in chloro- 
form and most non-hydroxylic solvents. 

When the 8-di-iodide (1 part) was warmed with aqueous sodium 
carbonate (0-78 part), a chocolate-coloured precipitate (A) was 
produced, which, when dissolved in boiling water and precipitated 
by hydriodic acid, gave a black substance. The latter, extracted 
with warm chloroform, yielded a small quantity of the pure «-di- 
iodide. The filtrate from (A), on the addition of hydriodic acid, gave 
a black precipitate (B). This was removed, and the filtrate slowly 
deposited a beautifully crystalline substance (VI), resembling 
potassium permanganate in colour and partly soluble in hot chloro- 
form (Found: C, 7-47; H, 1-94. TeMe,I,2TeMe,I, requires 
C, 7-48; H, 1-89%). The black substance remaining from (B) could 
not be crystallised. It was dried and analysed (Found : C, 5-3; H, 
1:35. TeMe,°O-Tel, requires C, 5-2; H, 1-3%). 

Small quantities of the «-di-iodide are also produced when the 
$-di-iodide is treated with boiling water alone, or with aqueous 
potassium metabisulphite, and then with hydriodic acid. This is 
probably due, not to reversion of the 8-base to the «-base, but to one 
of the mechanisms already discussed. A small quantity of tellurium 
tetraiodide also appears to be formed by the action of hot water. 

The 8-base was next prepared on a larger scale, and precaution 
was taken, by twice evaporating the filtered solution in a vacuum, 
to obtain it free from «-base. A portion tested with hydriodic acid 
gave the usual blackish-red precipitates, which yielded the pure 
8-di-iodide on recrystallisation. Finally the @-base (from 5 g. of 
«-di-iodide) was dissolved in about 30 c.c. of water and the vigorously 
stirred solution was treated with freshly distilled, diluted, colourless 
hydriodic acid (4-6 c.c. of 11-4°% HI required), added drop by drop 
until the liquid seemed nearly neutral to litmus. Each drop produced 
ared precipitate, which redissolved when vigorously shaken, leaving 
the solution colourless. A few black and white specks separated and 
were removed. The liquid, left in a vacuum over sulphuric acid for 
1—2 hours, gave glistening colourless crystals of almost pure tri- 
methyltelluronium iodide (I), of which two crops were obtained 
(total, 0-69 g.) (Found: C, 12-06; H, 2-98. Cale.: C, 12-03; H, 
300%). This crystallised readily from hot water in long needles 
or in large flat prisms. It decomposed slowly above 240°, and 
disappeared rapidly at 248°, forming probably dimethyl telluride 
and methyl iodide. Its aqueous solution was neutral to litmus and 
gave no coloration or precipitate with hydrochloric acid or with 
colourless hydriodic acid. 
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The filtrate from this substance, when allowed to evaporate to 
dryness in the desiccator, gave an almost colourless, crystalline cake 
(1-30 g.). This was a mixture of the foregoing substance with 
a less soluble substance, which, however, tends to remain in super- 
saturated solution when once dissolved. The remaining trimethyl- 
telluronium iodide was therefore removed from the mixture by 
gradual extraction with small quantities of hot water. The 
residue of white powder consisted of an anhydride of methyl 
hydroxytellurium oxide (telluracetic acid) (II), which could not be 
obtained pure. It appears to exist in several states of complexity, 
samples showing varying solubility in water. In aqueous solution, 
however, all were neutral to litmus, gave no precipitate with silver 
nitrate, and were reduced by potassium bisulphite to dimethyl 
ditelluride. Three separate preparations were analysed (Found: 
C, 7-6, 7-8, 7-7; H, 2-3, 2-0, 2-3. TeMeO-O-TeMeO requires (C, 
7:2; H, 18%). The substance, which had a persistent odour, did 
not melt but became gradually black above 230°. It was dissolved 
in boiling water and into the clear cooled solution was stirred 
colourless hydriodic acid drop by drop, until the liquid was faintly 
yellow. A bright scarlet precipitate of methyltelluronium tri-iodide 
(III) was continuously produced, changing in a few seconds to a 
stable purplish-chocolate form. The dried crystalline powder 
(Found : C, 2-38; H, 0-65; I, 72-4. TeMel, requires ©, 2-29; H, 
0-57; I, 72-8%) closely resembled pure indigo in appearance. It 
dissolves in acetone or ether, giving bright red solutions, and from 
the former it is slowly precipitated by chloroform, as purple-black 
needles. It is only sparingly soluble in chloroform or glacial acetic 
acid. It is hydrolysed by boiling water or dilute hydriodic acid and 
is reprecipitated on cooling. It slowly decomposes above 100° 
and evolves gas near 130° and again at 180° (melting), leaving a 
black residue : much of its iodine is liberated in the free state when 
it is heated in oxygen. 

Synthesis of Vernon’s 8-Di-iodide.—Trimethyltelluronium iodide 
and methyltelluronium tri-iodide were intimately mixed in exactly 
molecular proportion. Both dissolved on being warmed with a 
little acetone, although the former alone is insoluble in that solvent. 
The red solution, diluted with chloroform, gave at once the pure 
8-di-iodide in lustrous greenish-black scales or thin hexagonal plates 
(Found: C, 5-91; H, 1-52. Cale.: C, 5-84; H,1-47%). From the 
mother-liquor a small further crop of the 8-di-iodide was obtained in 
the purple-red form. The total yield seemed to be almost quantit- 
ative. Both forms, when powdered, became black at about 83°, and 
were in every respect identical with the forms obtained directly from 
the 8-base. 
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Action of Hydrobromic Acid on the B-Base.—When the 8-base (from 
10 g. of «-di-iodide) was dissolved in 20 c.c. of water and 7:2 c.c. of 
9-8°%, hydrobromic acid were gradually added, a white precipitate (A) 
formed which redissolved completely at first but only partly later. 
The clear filtrate, concentrated in a vacuum to a syrup, yielded large 
crystals of trimethyltellurontwm bromide (VII) (Found: C, 14-32; 
H, 3-66; Br, 31-38. TeMe,Br requires C, 14-26; H, 3-57; Br, 
31-66%), together with a white amorphous powder (B). 

Trimethyltelluronium bromide is readily soluble in cold water but 
almost insoluble in organic solvents. It separates from water or 
aqueous alcohol in massive, transparent, colourless tablets, slowly 
decomposing between 250° and 280°. The neutral solution in water 
contains bromide ions and gives no precipitate or coloration with 
colourless hydriodic acid. The compound unites with ferric chloride, 
giving a complex salt which crystallises in salmon-coloured needles, 
It gives a complex salt also with stannic bromide. 

The powders (A and B), when dissolved in hot water, treated 
with hydrobromic acid, and extracted with ether, gave methyl- 
telluronium tribromide (VIII) (Found: C, 3-07; H, 0-78; Br, 62-9. 
TeMeBr, requires C, 3:14; H, 0-79; Br, 62-7%), yellow needles 
easily soluble in ether or hydrobromic acid, but hydrolysed by water. 
The substance becomes discoloured from about 140°, rapidly near 
150°, and the dark mass melts to a black effervescing tar at 156°. 
The yellow solution in acetone is not precipitated by chloroform. 

The crude powders (A and B), which consist of an anhydride of 
methyltellurium trihydroxide, contain also a small proportion of 
dimethyltellurium oxide or its oxybromide, since small amounts of 
the «-dibromide (colourless crystals, m. p. 96—97°, readily soluble 
in ether. Found: C, 7-6; H, 1-9. Cale.: C, 7-6; H, 19%) are 
produced by the action of hydrobromic acid. 

Synthesis of Vernon’s 8-Dibromide.—The trimethyl bromide and 
the methyl tribromide combined when dissolved in equimolecular 
proportion in a little acetone, the yellow solution giving, on dilution 
with chloroform, lustrous yellow spangles (Found : C, 7-61; H, 1-97. 
Cale.: C, 7-56; H, 1-89°%%), m. p. 142° (decomp.; softening from 
136°), unchanged on admixture with the @-dibromide prepared as 
described by Vernon. That author described the colour of this 
substance as “ orange,” but the crystals obtained from acetone— 
chloroform solution are always sulphur-yellow. 

Mixed “‘ 8-Dihalides.”—The following compounds were prepared 
from their constituents, precisely as described above for the @-di- 
iodide and 8-dibromide : 

(1) TeMe,I,TeMeBr,, lustrous, orange-brown, flat needles, 
forming felted masses; m. p. 120° (decomp.) with darkening and 
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softening from 115° (Found: C, 7:18; H, 1-78. Te,Me,BrI requires 
C, 7:04; H, 1-76%). It was unaltered by recrystallisation from 
ethyl alcohol (Found: C, 7-3; H, 1-9°%). 

(2) TeMe,Br,TeMel,, dark, purple-red spangles with golden 
lustre (Found: C, 6-39; H, 1-59. Te,Me,BrI, requires C, 6-19; H, 
1-55%) : this does not melt, but becomes black below 90°. When 
kept for a few weeks, the crystals change to a purple form, but 
recrystallisation from ethyl alcohol restores the original form. 

Action of Potassium Iodide on the “ 8-Di-iodide.’’—Potassium 
iodide and the §-di-iodide in molecular proportion were dissolved 
separately in acetone, and the solutions mixed. Colourless crystals 
of pure trimethyltelluronium iodide were deposited at once (yield, 
80%). The deep red filtrate was evaporated to dryness in a desic- 
cator, the solid residue dissolved in a little cold acetone and filtered, 
and the filtrate fractionally precipitated with chloroform. The 
almost black precipitate at first obtained consisted of the sali 


K[TeMel,] contaminated with free potassium iodide (Found: (, 
1-2; H, 0-3. TeMel,K requires C, 1-7; H, 0-4°%), but later, the pro- 
portion of free potassium iodide increased and the final mother-liquor 
contained free methyltelluronium tri-iodide. The complex potassium 
salt was insoluble in dry ether, but soluble in alcohol, giving a 
reddish-brown solution. It was easily dissociated by moist solvents. 

The experimental findings of Vernon, so far as they have been 
examined here, are confirmed. Two observations in the literature, 
however, require modification, viz. (a) that the $-dihalides give 
dimethyl telluride on reduction, and (b) that the same tellurone, 
TeMe,0,, is derived from both bases, and that halogen acids 
regenerate from it the $-dihalides. 

Regarding (a), it was found that the product is an orange oil, with 
carbylamine odour quite distinct from that of dimethyl telluride. 
The oil is probably dimethyl] ditelluride, produced from TeMeO-OH 
by the normal reaction, the other component of the §-base, 
TeMe,OH, remaining unreduced. 

As to (6), examination of the literature shows that the tellurone 
has never been characterised. Vernon may have mistaken for it a 
higher oxide of the 8-base (new formulation), or a mixture of the true 
tellurone with this oxide. Further, in the formation of the tellurone 
from the «-base, the latter may have been partly transformed, by 
heating, to the 6-base. ; 

Finally, attempts to form molecular compounds from the 
following combinations of substances gave negative results : 


(1) Tel, and «-TeMe,I, ; (2) Tel, and TeMe,I; 
(3) Tel, + «-TeMe,I, + 2MeTe,I. 
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On the other hand, «-TeMe,I, and TeMe,I combined together, in 
the presence of hydriodic acid containing iodine, to form a complex 
which crystallised in thin steel-blue needles, often several inches 
long. This substance, which melts to a purple liquid near 80°, 
evolves iodine when warmed with water. It has probably the 
formula TeMe,I,TeMe,I,,TeMe,I, [i.e., it is a polyiodide of (VI)], but 
an exact analysis was not obtained (Found : C, 6-4; H, 1-7; I, 62-3. 
Cale.: C, 6-1; H, 1-5; I, 64-6%). 

UNIVERSITY OF BIRMINGHAM, [Received, November 15th, 1928. 

EDGBASTON. Revised, December 20th, 1928.] 





LXXXIITI.—A New Method for Preparing Substituted 
Diphenylamines. 


By ARTHUR WILLIAM CHAPMAN. 


SUBSTITUTED diphenylamines are frequently difficult to prepare, 
especially if the two groups attached to the nitrogen atom are 
different. Direct substitution in diphenylamine or one of its deriv- 
atives may be employed, but such reactions are limited in number 
and do not reveal the constitution of the product. Even Ullmann’s 
method (Annalen, 1907, 355, 312; compare also Gibson and 
collaborators, J., 1927, 247; 1928, 2204) has a restricted application, 
and the process of heating an aromatic amine with an amine salt 
is mainly useful for the production of diphenylamines similarly 
substituted in both nuclei. 

The author has recently shown (J., 1925, 127, 1992; 1927, 1743) 
that N-arylaryliminoaryl ethers (II), when heated at 200—300°, 
are converted quantitatively into acyl derivatives of the corre- 
sponding diphenylamines (III). In this conversion the migrating 
group becomes attached to the nitrogen atom by means of the 
nuclear carbon atom that was originally attached to the oxygen 
atom. 


R-COO! POl, R”ONa 
R’'NH, ——-> R-CO-NHR’ ——~> R-CCLNR’ ——> 
. heat (I.) KOH 
R:-C(OR”):NR’ —~> R:CO-NR’R” > NHR’R” 
(II.) (III.) 

It has now been found that the acyl compounds thus obtained can 
be hydrolysed readily with alcoholic potash to the corresponding 
diphenylamines in yields of about 80° of those calculated. The 
imino-ethers can be prepared easily from the corresponding amines 
(R’NH,) and phenols (R’’OH) through the anilideiminochlorides (I) 
(J., 1922, 1421, 1676). In the typical case of N-p-chlorophenyl- 
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benzimino-2 : 4 : 6-trichlorophenyl ether, the yields of anilide, 
anilideiminochloride, and imino-ether were respectively 53, 88, and 
80% of the theoretical. 

A convenient means is therefore available for preparing diphenyl. 
amines with similar or different substituents in the two nuclei and of 
known constitution. The presence of “‘ negative ” substituents in 
the phenol facilitates the rearrangement of the imino-ether, whereas 
in the amine their presence retards the change. It is therefore 
preferable, if the alternative amines and phenols are available, to 
employ the more acidic phenol and the more basic amine, so that the 
rearrangement may occur at the lowest possible temperature. The 
approximate time and temperature of heating required can be 
estimated from the known effects of substituents on the velocity of 
the change (J., 1927, 1750). 

Hitherto, the constitution of Gnehm’s tetrachlorodiphenylamine, 
first prepared by direct chlorination of diphenylamine in glacial 
acetic acid solution, has remained unknown (Ber., 1875, 8, 1040). 
In view of the method of preparation it was probably 2: 4: 2’: 4’., 
2:4:6:2’-, or 2:4:6: 4'-tetrachlorodiphenylamine. These three 
compounds were therefore synthesised respectively from 2: 4-di- 
chlorophenol and 2 : 4-dichloroaniline, 2 : 4 : 6-trichlorophenol and 
o-chloroaniline, and 2:4: 6-trichlorophenol and p-chloroaniline, 


through the corresponding benzanilides, benzanilideiminochlorides, 
benzimino-ethers, and benzoyldiphenylamines. Comparison with 
Gnehm’s compound left no doubt of its identity with the 2 : 4: 2’: 4’- 
derivative. 


EXPERIMENTAL. 


The imino-ethers were prepared from the corresponding imino- 
chlorides and sodium phenoxides by the method described for the 
preparation of N-phenylbenzimino-m-hydroxyphenyl ether (J., 
1922, 121, 1676). The imino-ethers and benzoyldiphenylamines all 
crystallised well from alcohol, in which they were moderately easily 
soluble when hot, but only sparingly soluble in the cold. 

N-o-Chlorophenylbenzimino-2 : 4 : 6-trichlorophenyl ether, from 
benz-o-chloroanilideiminochloride and 2:4: 6-trichlorophenol, 
formed colourless plates or prisms, m. p. 99—100° (Found : Cl, 34°7. 
C,,H,,ONCI, requires Cl, 34-5%), and was converted by heating for 
2 hours at 250—270° into benzoyl-2 : 4 : 6 : 2’-tetrachlorodiphenyl- 
amine, prisms, m. p. 131—132° (Found : Cl, 34:5%). 

N-p-Chlorophenylbenzimino-2 : 4 : 6-trichlorophenyl ether, from 
benz-p-chloroanilideiminochloride and 2:4: 6-trichlorophenol, 
formed pale yellow leaflets, m. p. 121—122° (Found : Cl, 34-3%); 
and underwent rearrangement into benzoyl-2: 4 : 6 : 4'-tetrachloro- 
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diphenylamine (needles, m. p. 154°. Found: Cl, 34-5%) in 2 hours 
at 250—270°. 

N-2 : 4-Dichlorophenylbenzimino-2 : 4-dichlorophenyl ether, from 
benz-2 : 4-dichloroanilideiminochloride and 2 : 4-dichlorophenol, was 
obtained as a viscous oil that did not crystallise even after standing 
for several weeks, but underwent isomeric change into benzoyl- 
2:4:2':4'-tetrachlorodiphenylamine (plates, m. p. 153—154°. 
Found : Cl, 34-:7%) on heating at 280—300° for 2 hours. 

Numerous preliminary experiments showed that benzoyldi- 
phenylamine itself and its substituted derivatives were best hydro- 
lysed as follows: The benzoyl compound (10 g.) was boiled under 
reflux with a mixture of potassium hydroxide (50 c.c. of 50% 
aqueous solution) and alcohol (125 c.c.), and hydrolysis was complete 
in 2 hours. The mixture was then evaporated to dryness on the 
steam-bath, extracted with water, filtered, and the residue washed 
with water and crystallised from alcohol. : 

2:4:6:2’-Tetrachlorodiphenylamine formed stout prisms, m. p. 
87—88°, sparingly soluble in alcohol (Found: Cl, 46-1. C,,H,NCI, 
requires Cl, 46-2%). 

2:4:6:4'-Tetrachlorodiphenylamine was readily soluble in 
alcohol and crystallised in prisms, m. p. 63—64° (Found : Cl, 46-3%). 

2:4:2’:4'-Tetrachlorodiphenylamine crystallised in fine needles, 
m. p. 141—142°, very sparingly soluble in alcohol’ (Found: Cl, 
16:3). 

2:4:6-Trichlorodiphenylamine, prepared from its benzoyl 
derivative, formed plates, m. p. 43—44°, readily soluble in alcohol 
(Found: Cl, 39°1. C,,H,NCl, requires Cl, 38-7%). 

Chlorination of Diphenylamine.—A rapid current of dry chlorine 
was passed into a solution of diphenylamine (50 g.) in glacial acetic 
acid (250 g.) under a reflux condenser. The chlorine was completely 
absorbed, hydrogen chloride was evolved, the solution became hot, 
and after the flask and contents had gained 40 g. in weight, the 
solution began to fill with long needle-shaped crystals. It was 
allowed to stand for an hour and filtered. The residue (55 g.), 
consisting of practically pure 2 : 4 : 2’ : 4’-tetrachlorodiphenylamine 
(m. p. 136—138°), crystallised from alcohol to a constant m. p. of 
141—142° (Gnehm gives m. p. 133—134°); its identity with the 
tetrachlorodiphenylamine obtained as above was established by 
analysis (Found : Cl, 46-3%) and by mixed melting-point determin- 
ation. When the chlorination was continued until chlorine was no 
longer absorbed (gain in weight = 60 g.), another substance separated, 
sparingly soluble in alcohol, m. p. 138—139° (Found :. Cl, 56-6. 
C},H;NCl, requires Cl, 56-6%). It was therefore a hexachloro- 
diphenylamine, probably the 2:4:6:2':4':6’-compound. The 
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orientation could not be confirmed, however, as all attempts to 
hydrolyse benzoyl-2 : 4 : 6 : 2’: 4’ : 6’-hexachlorodiphenylamine (J., 
1927, 1747) or to benzoylate the amine were unsuccessful, no doubt 
owing to the intense steric hindrance of the four ortho-chlorine 


atoms. 


Part of the cost of this research has been defrayed by a grant 
from the Research Fund of the Chemical Society, for which the 
author wishes to express his thanks. 


Tue UNIVERSITY, SHEFFIELD. [Received, January 18th, 1929.] 





LXXXIV.—The Chemistry of the Three-carbon System. 
Part XX.  cycloPentylideneacetone and cyclo- 
Pentylidenemethyl Ethyl Ketone. 


By AtrreD Henry Dickins, WILFRED Eynon Hueu, and Grorce 
ARMAND RosBeErt Kon. 


In Part XVII (Dickins, Hugh, and Kon, J., 1928, 1630) it was 
shown that cyclohexylideneacetone and its fy-isomeride, and also 
the corresponding ethyl ketones, could be prepared in a state of 
purity and a quantitative study was made of their conversion into 
equilibrium mixtures. 

) CHe CH cee. H,CH~ ac. 
(I.) ba CHE >CCH-COR Be CH OCHA COR (1 
(R = Me or Et). 

The present paper deals with the corresponding cyclopentane 
derivatives (I and II), which are of considerable interest from the 
point of view of tautomerism. In the first place, in a number of 
instances (compare Kon and Nutland, J., 1926, 3101; Kon and 
Speight, ibid., p. 2727) the point of equilibrium in cyclopentane 
derivatives is different from that in the corresponding cyclohexane 
compounds. Means of determining the exact point of equilibrium 
now being available, the compounds mentioned above appeared to 
be well suited for the investigation of this problem. Again, Gold- 
berg and Linstead (J., 1928, 2343) have shown that the conversion 
of cyclopentylidene- and cyclopentenyl-acetic acids into the equil- 
ibrium mixture of the two proceeds very rapidly, compared with 
that of the cyclohexane analogues; this mobility is somewhat 
unexpected, as the principal factor should be the nature of the 
activating group and this is the same in both cases. Substituents 
undoubtedly do influence mobility—a good example has lately been 
observed (Abbott, Kon, and Satchell, J., 1928, 2514)—but even if 
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the cyclohexane acids are regarded as substitution products of the 
cyclopentane compounds, the substituent methylene group is 
attached to the 8-carbon atom, or rather shared between the two 
§-carbons ; it is not in the direct vicinity of the three-carbon system 
itself and therefore would not be expected to produce an appreciable 
effect. 

A substance thought to be cyclopentenylacetone was obtained by 
one of us from calcium cyclopentanediacetate (Kon, J., 1921, 119, 
810) and later synthesised by Kon and Linstead (J., 1925, 127, 
815); the ketone in both cases gave a mixture of two semicarb- 
azones, and it is noW clear that it consisted of a mixture of cyclo- 
pentylidene- and cyclopentenyl-acetone (I and II; R= Me). The 
physical properties recorded by Kon and by Kon and Linstead, 
which also support such a view, refer to the ketone regenerated 
from a mixture of semicarbazones, although an experiment was 
made (Kon, loc. cit.) showing that the ketone regenerated from the 
pure high-melting semicarbazone again gave a mixture of semi- 
carbazones. 

In the light of past experience it was thought preferable to start 
with the two ethyl ketones (I and II; R= Et). These were 
prepared, but as they could not be obtained free from esters, etc., 
they had to be isolated in the form of their semicarbazones, that of 
the «8-compound (I) being the higher-melting and less soluble; a 
semicarbazido-semicarbazone also was isolated in small amount. 
The pure ketones regenerated from these semicarbazones had the 
physical properties to be expected of their structure. 

The methyl ketones (I and II; R = Me) wore somewhat more 
easily obtained pure, notably the «$-compound. The semicarb- 
azone obtained from this consisted almost entirely of the sparingly 
soluble, high-melting substance already obtained by Kon and by 
Kon and Linstead and cyclopentylideneacetone (I) was regenerated 
from it seemingly unchanged. The ketone so obtained was, how- 
ever, much more reactive towards alcoholic iodine chloride than 
the ketone purified by repeated distillation and was therefore 
partly ‘‘ equilibrated,’’ and this accounts for Kon’s observation 
(loc. cit.) that a mixture of semicarbazones is obtained from the 
regenerated ketone. The preparation of the @y-ketone (II) pre- 
sented many difficulties and mixtures were obtained in spite of all 
precautions. The crude ketone is best purified by conversion into 
the semicarbazone and subsequent treatment of the regenerated 
ketone with aluminium amalgam : the product has a sharp boiling 
point and a high reactivity towards iodine chloride and gives the 
low-melting semicarbazone, already described by Kon, as the sole 
product. Hydrolysis of the semicarbazone leads to a ketone which 
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has physical properties closely approaching those of the By-ketone, 
but its iodine addition is low. 

The equilibrium established between the two pairs of ketones 
was determined quantitatively by the method of Linstead and May 
(J., 1927, 2565) exactly as in the case of the cyclohexane compounds, 
Either of the isomeric ethyl ketones gives a mixture containing 
about 89-5% of the «$-ketone; but as the ketones used for the 
reference curves were regenerated from the semicarbazones, this 
value is probably not accurate (compare above), especially as the 
equilibrium is on the side of the «8-compound ; it is probably nearer 
85% a8. ; 

The mobility of the system is extremely high and equilibrium is 
practically completely established at the end of 20 minutes in the 
presence of an equivalent of N-sodium ethoxide at 25°; and it is 
not surprising that the Sy-ketone undergoes the Michael reaction 
with great readiness. 

The methyl ketones behave similarly: the equilibrium mixture 
in this case contains 84% of the «$-compound, and this figure is 
regarded as trustworthy. The iodine additions of the equilibrium 
mixtures of ethyl and methyl ketones are very similar, and the 
difference in point of equilibrium is probably due to the partial 
equilibration of the «$-ethyl ketone. The regenerated «$-methy! 
ketone has a higher iodine addition than the equilibrium mixture 
and therefore must contain more than 16% of By-ketone. It is 
remarkable that isomerisation should proceed past the equilibrium 
point in this case, but the presence of an acid reagent in place of 
alkali doubtless materially alters the nature of the reaction and the 
point of equilibrium. A similar excess of fy-ketone over the 
equilibrium amount is also obtained in the preparation of the 
ketone from calcium cyclopentanediacetate : in a recent prepar- 
ation, the ketone regenerated from the crude semicarbazone con- 
tained approximately 36% of the ®y-ketone; and that originally 
prepared (Kon, Joc. cit.) must have contained a good deal more, 
since the By-semicarbazone was obtained in some quantity in spite 
of its great solubility. The two methyl ketones are also obtained 
on heating an intimate mixture of calcium acetate and calcium 
cyclopentenylacetate. The production of the “less stable” form 
in a pyrogenic reaction is perhaps attributable to its greater vapour 
pressure, leading to a different equilibrium in the vapour phase : 4 
comparable case has lately been described: by Jupp, Kon, and 
Lockton (J., 1928, 1638). 

The mobility of the methyl ketones is so great that exact 
quantitative measurements could not be carried out under the 
conditions now adopted as standard ; the equilibrium is practically 
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complete at the end of 20 minutes in the presence of N-sodium 
ethoxide at 25°. 

The experiments suffice to show that both the ethyl and the 
methyl ketones are very much more mobile than the corresponding 
cyclohexane derivatives (experiments on the mobility of cyclo- 
hexylideneacetone are now in progress and will shortly be described) 
and thus fall into line with Goldberg and Linstead’s observations. 
The point of equilibrium of the cyclopentane ketones is on the 
side of the «$-form: this agrees with the results already obtained 
with other cyclopentane derivatives (loc. cit.), although we cannot 
at present offer an adequate explanation of the fact. 

An attempt was made to ascertain the point of equilibrium in 
cyclopentylidenecyclopentanone. The ketone was prepared both 
by the action of hydrochloric acid and of sodium ethoxide on 
cyclopentanone and a specimen was regenerated from the pure 
semicarbazone, m. p. 223°. All the samples examined showed 
very much the same iodine addition; this was low (6—7%) and 
did not change appreciably on treatment with sodium ethoxide. 
The point of equilibrium, therefore, must lie very near the «$-ketone, 
but it cannot be ascertained exactly until the unknown fy-isomeride 
is prepared. Experiments with the related cyclohexenylcyclo- 
hexanone were even less conclusive, inasmuch as Linstead and 


May’s iodometric method failed in this case: the ketone absorbed 
more than three times the theoretical quantity of the reagent in a 
few minutes. 


EXPERIMENTAL 


cycloPentylidenemethyl Ethyl Ketone (1; R = Et).—The ketone 
was prepared from cyclopentylideneacetyl chloride in the same way 
as the cyclohexane analogue (Dickins, Hugh, and Kon, loc. cit.) ; 
a 30% yield of a crude ketonic fraction, b. p. 94—96°/15 mm., was 
obtained. This was treated with semicarbazide acetate and the 
crude semicarbazone was freed from adhering esters, etc., by wash- 
ing with petroleum and recrystallised from methyl alcohol. A small 
portion was insoluble, m. p. 215° (decomp.), and was probably the 
semicarbazido-semicarbazone (Found: N, 30-5. C©,,H,0,N, re- 
quires N, 31-1%). The soluble portion crystallised in long needles, 
m. p. 174° (Found : C, 61-3; H, 8-9. C,)>H,,ON, requires C, 61-5; 
H, 8-8%). 

The ketone regenerated from the semicarbazone by means of 
oxalic acid had b. p. 96°/20 mm., d?* 0-93179, n5* 1-47801, 
[R; Jp 41-96 (cale., 41-21), and gave a semicarbazone melting at 171° 
without recrystallisation. 

Al-cycloPentenylmethyl Ethyl Ketone (II; R = Et).—A}-cyclo- 
Pentenylacetic acid, from which the ketone was ultimately synthes- 
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ised, was mostly prepared from its ester by Wallach’s method 
(Annalen, 1906, 347, 324; Kon and Linstead, J., 1925, 127, 616), 
Another method, which yields a very pure product, consists in the 
dry distillation of cyclopentylidenemalonic acid (Kon and Speight, 
loc. cit.) under reduced pressure. As the «$-structure of the acid 
is unquestionable, having been again confirmed by us by oxidation 
with permanganate, this decomposition involves a shifting of the 
double bond into the ring. 

The first attempt to prepare the ketone by the Blaise—Maire 
reaction led to the isolation of the «8-semicarbazone, m. p. 174°. 
The mother-liquor, however, contained a small quantity of a more 
fusible substance; after repeated crystallisation, this formed 
needles, m. p. 135°. 

Al-cycloPentenylacetyl chloride (20 g.) was dropped into a well- 
cooled solution of zinc diethyl (10 g.) in dry ether, dry carbon 
dioxide being bubbled through the reaction vessel. On decompos- 
ing the product with ice, a ketonic substance (about 3 g.), b. p. 
85—90°/19 mm., was obtained, but this gave the «8-semicarbazone, 
m. p. 174°, as the sole product. 

A slight excess of magnesium ethyl iodide in dry ether was added 
to a well-cooled ethereal solution of the acid chloride (20 g.); after 
decomposition with ice, about 3 g. of a ketonic substance were 
obtained, but this again yielded the «8-semicarbazone. When the 
amide was substituted for the acid chloride, no ketonic product at 
all was obtained. 

The best results were finally achieved by carrying out the Blaise- 
Maire reaction very slowly and using a very carefully fractionated 
acid chloride, b. p. 82°/19 mm. (the higher fraction generally con- 
tains the isomeric «f-chloride). Even then the preparation failed 
sometimes for no apparent reason; the yield of ketone never 
exceeded 30% and a quantity of ester was always formed. 

The semicarbazone melted at about 113°, but formed needles, 
m. p. 135°, after repeated crystallisation (Found: C, 61-4; H, 8-9. 
Cj9H,,ON, requires C, 61-5; H, 8-8%). The ketone regenerated 
from it had b. p. 90°/21 mm., d??* 0-92429, n?* 1-46509, [Rz]p 41:31 
(cale., 41-21); it gave on recombination with semicarbazide a pro- 
duct, m. p. 134° after one crystallisation from methyl] alcohol. 

Condensation with Ethyl Sodiomalonate-——The ketone was con- 
densed with ethyl sodiomalonate in alcoholic solution (compare 
Dickins, Hugh, and Kon, loc. cit.), and the resulting ester hydro- 
lysed with barium hydroxide; the cyclopentane-spiro-4-methyl- 
cyclohexane-3 : 5-dione obtained on acidification crystallised from 
dilute methyl alcohol in needles, m. p. 174—175° (Found : C, 73:2; 
H, 8-9. C,,H,,0, requires C, 73-3; H, 8-9%). 
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Equilibrium between the Ethyl Ketones.—The quantitative analysis 
of mixtures of the two ketones was carried out iodometrically by 
the method of Linstead and May. A reference curve was constructed 
from the following values obtained with UM /300-chloroform solutions 
in 10 minutes : 


Mixture (% af) ... 0 10 25 50 15 90 100 
Addition (%) 884 825 745 60:5 45:8 37:6 33-0 


The addition of the «8-ketone was unusually high, probably owing 
to partial equilibration during the hydrolysis of the semicarbazone 
(compare p. 573). 

Point of equilibrium. The pure «@-ketone was kept with a slight 
excess of alcoholic sodium ethoxide for 24 hours, then isolated and 
analysed iodometrically; it had an iodine addition of 37-9% 
(corresponding to 90% of «8-ketone). The Sy-ketone was similarly 
treated; it had b. p. 101—103°/25 mm. and gave an addition 
value of 38-5% (corresponding to 89% of «$-ketone); the equili- 
brium mixture thus contains approximately 89-5% of the «$-ketone. 
As already explained, this figure is probably too high because any 
error due to the impurity of the «8-ketone would have a considerable 
effect. 

Mobility. The following experiments were carried out with the 
ty-ketone : the ketone was kept with N-alcoholic sodium ethoxide 
(1 equiv.) at 25° and portions were isolated and analysed. 


20 mins. 40 mins. 24 hours 

Addition (%) 39-0 37-9 
af-Ketone (%) . 88-0 89-9 
Equilibrium is thus practically reached at the end of 20 minutes; 
shorter periods were not used owing to the scarcity of the material 
and the inevitably high experimental errors. 

cycloPentylideneacetone (I; R = Me).—The ketone was prepared 
from cyclopentylideneacetyl chloride in the same way as its higher 
homologue. The ketonic product on redistillation gave a small 
amount, b. p. 72—74°/12 mm.., a large fraction, b. p. 74—75°/12mm., 
and another small one, b. p. up to 88°/12 mm. The lowest frac- 
tion gave a semicarbazone, m. p. 172—173°: on recrystailisation 
from methyl alcohol, needles, m. p. 185—186°, were obtained, 
identical with the high-melting form obtained by Kon and by 
Kon and Linstead (occ. cit.). The large fraction gave a somewhat 
higher-melting semicarbazone; the yield was rather poor. The 
ketone can be regenerated from the semicarbazone if a small quantity 
isemployed. For instance, 3 g. of the pure compound, m. p. 189°, 
gave a ketone, b. p. 70°/12 mm., djf* 0-94205, nj* 1-47937, 
[R;]p 37-16 (calc., 36-60): the semicarbazone prepared from this 
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ketone had m. p. 174°, rising to 180—181° after one crystallisation. 
The regenerated ketone had an iodine absorption of 44-7% (in 5 
minutes). Another sample prepared in the same way had an even 
higher molecular refraction (37-43), but the iodine addition was 
45-8% (compare below). 

The ketone was finally prepared by repeated fractionation of the 
crude ketonic product. It boiled at 74—76°/14 mm., its iodine 
addition was 27-8%, and its purity was proved by the fact that 
the equilibrated ketone obtained from it had approximately the 
same iodine addition as that obtained both from the regenerated 
ketone and from the Sy-isomeride. 

cycloPentenylacetone (II; R = Me).—The preparation of this 
ketone was carried out exactly as described on p. 576. The yield 
of ketonic fraction, the b. p. of which was lower than-in the pre- 
ceding case, was poor. It gave a caseous semicarbazone from 
which the compound, m. p. 189°, could generally be obtained. The 
product of several preparations was combined and carefully redis- 
tilled, a fraction, b. p. 72—74°/15 mm., being obtained, dj” 
0-95400, nj” 1-46569, iodine addition 73-3%% (5 minutes). On 
treatment with aluminium amalgam (compare Hugh, Kon, and 
Linstead, J., 1927, 2585) this value rose to about 84%. A part of 
the crude ketone was therefore converted into the semicarbazone, 
which was very soluble in all solvents and to some extent even in 
water; it was purified by repeated grinding with light petroleum 
(b. p. 40—60°), and the ketone regenerated from it. This was 
dissolved in much ether and treated with aluminium amalgam in 
excess. After the reaction had continued for about 4 hours the 
ketone was isolated ; it boiled at 69—70°/16 mm., had d?* 0-93568, 
n> * 1-46211, [Rz]p 36-58 (calc. 36-60), iodine addition 87-7%, and 
was evidently pure cyclopentenylacetone. The semicarbazone pre- 
pared from it was the low-melting form obtained by Kon and by 
Kon and Linstead (locc. cit.) ; it melted at 129° without purification. 

An attempt was made to prepare the ketone from the acid chloride 
by the Grignard reaction; the yield of ketonic product was very 
small and only the «$-semicarbazone was obtained from it. 

Ketone from Calcium cycloPentanediacetate.—Calcium cyclopen- 
tanediacetate was distilled exactly as described by Kon (loc. cit.). 
The appropriate ketonic fraction was converted into the semi- 
carbazone, which was ground with petroleum and hydrolysed with 
oxalic acid. The regenerated ketone had b. p. 66—70°/15 mm., 
d* 0-93070, ni§* 1-46420, iodine addition 51-8% (corresponding 
to 64% of «8-ketone; see below). 

A similar product was obtained by distilling an intimate mixture 
of calcium acetate and calcium cyclopentenylacetate under the same 
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conditions. The ketone purified through the semicarbazone had 
b. p. 80—84°/24 mm., d?* 0-93405, n§* 1-46847, iodine addition 
478%. 

Equilibrium between the Methyl Ketones.—The analysis of mixtures 
of the two ketones was carried out as in the previous case, but, 
owing to the high additive power of the ketones, 5 minutes was 
chosen as the standard time. A reference curve was constructed 
from the following values : 


Mixture (% af) ... 0 10 25 50 75 90 100 
Addition (%) 86-1 82:7 75:1 60:3 45:2 349 27-8 
The af-ketone used for the reference curve was the specimen 
described above, purified by fractionation; the fBy-ketone was 
purified by regeneration and treatment with aluminium amalgam. 

Point of equilibrium. The af-ketone (iodine addition, 44:7% ; 
see p. 578) regenerated from the semicarbazone of m. p. 189° was 
kept with a slight excess of sodium ethoxide for 24 hours; the 
mixture became very dark. The ketone isolated had an iodine 
addition of 39-1% (corresponding to 84% of «8-ketone) and gave 
an immediate precipitate of the semicarbazone, m. p. 189°, on 
treatment with semicarbazide. The fully equilibrated material thus 
contained more «f-ketone than the regenerated «$-ketone. Another 
specimen prepared in the same way (iodine addition, 45-89%) was 
treated for 3 hours only, V-sodium ethoxide being used; the ketone 
isolated had d?* 0-93947, n# 1-47751, and iodine addition 38-8% 
(corresponding to 84-5% of af-ketone). A separate experiment 
showed that the «f-ketone purified by distillation only, gave the 
same equilibrium mixture as the regenerated material. 

Only one experiment was performed with the By-ketone, N-sodium 
ethoxide being used; at the end of 3 hours the iodine addition 
fell to 35-9% (corresponding to 88-5% of «8-ketone) and the mixture 
had d2* 0-94190 and n#* 1-48005. 

Mobility. The pure Sy-ketone was mixed with N-sodium ethoxide 
(l equiv.) and kept in a thermostat at 25°; one half of the liquid 
was removed at the end of 10 minutes and poured into water con- 
taining the calculated amount of acetic acid, and the remainder 
was similarly treated at the end of 20 minutes. The ketones were 
isolated and analysed; the first portion had an iodine addition of 
41-9 (corresponding to 80% of a$-ketone), the second 41-2% 
(80-59% of «6-ketone). The two portions were then combined and 
kept with a slight excess of sodium ethoxide for 14 hours; when 
isolated, the ketone had an iodine addition of 39-2% (corresponding 
to 84% of af-ketone), thus confirming the point of equilibrium 
previously found. It will be seen that equilibrium is practically 
established at the end of 10 minutes. 
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LXXXV.—The Solubility of Iodine in Solutions of 
Halides. 


By Joun STANLEY CARTER and CHARLES RANDALL Hoskins. 


MEASUREMENTS of the solubilities of certain non-electrolytes in 
solutions of electrolytes have shown that, in the absence of inter- 
action between the two, the relation between the solubility s and 
the electrolyte concentration C is represented by the exponential 
equation s = se-*”, where 8, has a value equal to or approximating 
to the solubility in the pure solvent and a is a constant which 
measures the salting-out effect of the electrolyte. When the non- 
electrolyte and the electrolyte react to form a soluble complex, 
the salting-out effect is opposed by a tendency towards increased 
solubility, and the solubility actually observed will depend on the 
relative magnitudes of the two opposing effects. If the equilibrium 
involved in the formation of the complex is known, it should be 
possible, by making allowance for the salting-out effect, to obtain 
constancy of the mass-law expression concerned. 

Such a case has already been investigated in connexion with the 
solubility of iodine in solutions of sodium chloride [Dawson and 
Carter, Proc. Leeds Phil. Soc., 1925, 1, (i), 14; Carter, J., 1925, 127, 
2861]. Iodine dissolved in solutions of sodium chloride exists in 
part as free iodine and in part as the complex polyhalide NaCll,, 
the influence of polyhalide formation being such that the solubility 
passes through a maximum as the concentration of sodium chloride 
increases. It was found possible to distinguish between the two 
opposing effects and to show that polyhalide formation was super- 
imposed on the normal salting-out process. 

The more comprehensive examination of this type of equilibrium 
now described includes measurements, not only of the solubility 
of iodine at 25° in solutions of simple halides, but also of the influence 
of certain inert salts. Bell and Buckley (J. Amer. Chem. Soc., 1912, 
34, 10) determined the solubility of iodine in solutions of sodium 
and. potassium bromides but did not attempt a quantitative inter- 
pretation; a representative selection from their data has therefore 
been recalculated on a weight-concentration basis and incorporated 
with the present measurements. 
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The equilibrium involved is X’ +- I, — XI,', where X = Cl, Br, 
or I. In the above equation, therefore, s is the concentration of 
free iodine, 8) is its solubility in pure water, and a is at present 
unknown. If S is the observed solubility, the concentrations of the 
participants in the equilibrium involved are [X’] = C — (S — 8); 
(I,] = 8; [XI,’] = 8S — s, and according to the mass-action law, 


K=[C—(S—s)]s/(S—s). . . © (I) 


By plotting against C the values of K obtained from the simple 
mass-law relation (ignoring the salting-out effect) and extrapolating 
to C = 0, we obtain a value K, which may be regarded as the true 
equilibrium constant. Now, from equation (1), if we assume that 
S—s is small compared with C, we see that S = s(1 + C/K); 
and putting the exponential relation in the form log, s = log, 8 — aC 
and eliminating s between these two expressions, we obtain as an 
approximation 
a = 1/C. log, 89(1 + C/K)/S, 


the extrapolated value K, being assumed to be equal to K. 

This approximation is permissible for chlorides and bromides, 
but not for iodides. The solutions of iodides used were, however, 
very dilute, and in view of the known low salting-out power of the 
iodide ion, the data for solutions containing iodides have been 
considered without reference to this effect; the experimental data 
show that the procedure is justified. 

Having thus obtained the value of a, the value of s for any 
particular concentration may be determined from the exponential 
relation. Actually it was more convenient to convert this relation 
to its equivalent in Briggsian logarithms, viz., log s = log 8 — a’C, 
where a’ = a/2-3. 

This procedure involves the assumption that halide and poly- 
halide have the same salting-out power. With both chlorides and 
bromides the proportion of polyhalides is extremely low and hence 
no appreciable error is thereby introduced. The data for the simple 
halides are collected in Table I. In accordance with previous 
practice all concentrations have been referred to a fixed weight of 
water and are expressed as mols. (equivs. in the case of magnesium 
and barium chlorides) per 1000 mols. of water. The value of 8 is 
238 x 10°. The first column gives the concentration of halide, the 
second the observed solubility, the third the calculated concentration 
of free iodine, and the last the value of the mass-law constant 
calculated from equation (1). 

The solubility data for hydrochloric acid are in excellent agreement 
with the solubility and partition measurements of Ray and Sarkar 

x 
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TABLE I. 
Potassium chloride, a’ = 0-0032. 


Hydrochloric acid, a’ = 0-0005. 


C. 

8-48 
17-9 
25-1 
31-5 
65-3 


79-5 | 


109-2 
141-0 


Magnesium chloride, a’ = 0-0055. 


8-48 
13-0 
26-3 
53-5 
67-5 
96-1 

125-9 
141°3 


100 S. 


4:31 
6-55 
7-93 
9-51 
17-0 
19-7 
25-2 
29-9 


3°94 
4-65 
6-34 
7-41 
7-50 
7-32 
6°36 
5°73 


100 s. 


2-14 
2-02 
1-71 
1-21 
1-01 
0-70 
0-48 
0-40 


K. 


~ 


SEOSOSSSES 


iia 
wWOMDOWOS 


_ 


*Sodium bromide, a’ = 0-0042. 


C. 
16-9 
34:5 
68-6 
83-0 


10 8. 
2-449 
4-009 
5-955 
6-491 


100 s. 


2-02 
1-70 
1-23 
1-07 


K. 
1-49 
151 
1-44 
1-38 


C. 

6-15 
12:3 
24-6 
36°3 
48-2 
60-6 
73°9 
86-8 


100 S. 
3-49 
4:38 
5-89 
711 
8-22 
9-05 
9-75 

10-03 


100 s. 


2°27 
2-17 
1-99 
1-82 
1-67 
1-52 
1-38 
1-26 


Barium chloride, a’ = 


3°67 

4-89 
12-1 
24-0 
35-6 
46-9 
57-8 
68-6 


3-05 
3°18 
4-26 
5°38 
6-10 
6-60 
6-76 
6-71 


2°27 
2-23 
2-03 
1-73 
1-48 
1-27 
1-10 
0°95 


K. 
11-4 
12-1 
12-6 
12:5 
12:3 
12-2 
12-2 
12-5 

0-0058. 
10-7 
11-5 
11-0 
11-4 
11-4 
11-2 
11-2 
11:3 


*Potassium bromide, a’ = 0-0015. 


C. 
16-8 
37°8 
65-2 
82-9 


108. 
2-598 
5-165 
8-155 

10-06 


100 s. 


2-25 
2-09 
1-90 
1-79 


K. 
1-57 
1-57 
1-54 
1-47 


Hydriodic acid, a’ = 0; 8 = 8). 


100 K. 
2°33 
2-29 
1-90 


10S. 
2-908 
2-956 2-25 17-63 9-228 
4-715 2-30 49-64 27-84 


* Calculated from Bell and Buckley’s values (see p. 580). 


(J., 1922, 121, 1449) for dilute solutions, the value of K calculated 
from their data being 10-8. 

Consideration of the data for the chlorides shows that when a’ is 
very small the solubility increases almost linearly with the con- 
centration of electrolyte. When the value of a’ is considerable, the 
observed solubilities are smaller and show maximum values. 
Potassium chloride shows no maximum, but the curve is considerably 
flattened at high salt concentrations. 

Bell and Buckley have shown that the solubility in solutions of 
sodium bromide is maximal at a high salt concentration (C = 120). 
Potassium bromide shows no maximum, nor is the solubility curve 
particularly flattened at high concentrations: 

In view of the number and nature of the assumptions involved and 
the considerable range of electrolyte concentration, the agreement 
amongst the values in the last column of each section is satisfactory. 
The values of K indicate that the combining power of the halogen 
ion is not entirely independent of the associated kation. The 


10 C. 
13-21 


100 K. 
2-25 


10 8. 
1-326 


10 C. 
2-117 
5-284 
8-810 
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values of a’ are in good agreement with those anticipated from 
considerations of the available data on the salting-out effect. 

From the data for hydriodic acid, it is seen that K is approxim- 
ately constant for dilute solutions, but, as the last determination 
shows, tends to decrease at higher concentrations, probably as the 
result of the formation of higher polyiodides. This behaviour is in 
agreement with the existing data on the solubility of iodine in 
solutions of iodides. 

It is interesting to compare the a’ and K values for the three 
halogens. Taking the sodium salt as representative, we find for 
K, chloride, 12-0; bromide, 1-45; iodide, 0-025, and for a’, chloride, 
000575; bromide, 0-0042; iodide, nil. These values indicate that 
the tendency to form polyhalides increases and the salting-out 
power decreases with increasing atomic weight. 

Attempts were made to determine the solubility of iodine in 
solutions of fluorides. It was found, however, that the solubility 
increased with the period of agitation, due to reaction between 
iodine and fluoride with production of iodide and development of 
acidity. The solubility measurements were therefore abandoned, 
but it is hoped to investigate this particular reaction in the future. 

Influence of Inert Salts —The following data refer to the changes 
in solubility at 25° due to the addition of inert salts when the 
concentration of halides remains fixed. The salts chosen were 
sodium nitrate and sulphate, the appropriate values of a’ (viz., 
0:00296 and 0-0180 respectively) being taken from an earlier paper. 
Under the experimental conditions, the salting-out in the case of 
solutions containing iodides is entirely due to the added salt only; 
but with solutions containing bromide, this is in some degree 
responsible for the salting-out. To determine the magnitude of the 
latter effect, it was assumed that the bromide present had the same 
| effect as an amount of sodium sulphate equal to the concentration 
of bromide multiplied by the ratio of the a’ values concerned. Thus, 
925 mols. of sodium bromide = 9-25 x 0-0042/0-0180 = 2-16 mols. 
of sodium sulphate. The first column of Table IT gives the con- 
centration of added salt, the second the observed solubility, the 
third the calculated concentration of free iodine, and the last the 
value of K according to the mass-law expression. All concentrations 
are expressed as mols./1000 mols. of water. 

A consideration of the data shows that the value of K is not 
constant : with bromide it decreases, and with iodide it passes 
through a maximum. The value undergoes no serious variation, 
however, and in view of the assumptions made and the high salt 
concentrations involved, the approximate constancy cannot be 
regarded as other than satisfactory. The numbers show that 
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TaBzeE IT. 
Sodium bromide-sodium sulphate. Sodium iodide-sodium nitrate, 


[NaBr] = 9-245 [NaI] = 0-4938 ; 
log s = log s, — 0- -018([Na,80,) + 2-16). logs = logs, — 0-00296[NaNO,]). 
[Na,SO,]. 1008. 100 s. K. [NaNO,]. 10S. 100s. 100K. 
0-00 16-02 2-18 1-43 0-0 2-670 2-38 
6-42 12-48 1-67 1-41 12-0 2-526 2-19 
12-84 9-82 1-28 1-37 240 2-383 2-02 
19-26 7-60 0-979 1-36 36-0 2-230 1-86 
25-68 5-97 0-751 1-32 48-0 2-087 1-72 
60-0 1-957 1-58 
120-0 1-480 1-05 
180-0 1-131 0-698 


Sodium iodide-sodium sulphate. 


[NaI] = 0-4938; log s = log s, — 0-0180[Na,S9,]. 
[Na,SO,]. 10S. 100s. 100K. [Na,SO,]. 105. 100%, 100K. 
6-0 2-290 1-86 2-50 24-0 1-411 0-880 2-40 
12-0 1-938 1-45 2-54 30-0 1-179 0-686 2°37 
18-0 1-630 1-13 2-55 


sodium sulphate is about five times as efficient as sodium nitrate in 
repressing the tendency to form tri-iodide. 

It is interesting to compare some of our mean values of XK for 
chloroiodides with those for corresponding chlorobromides, obtained 
with relatively dilute solutions by partition measurements, and 


recalculated to our units of concentration (all the data relate to 25°, 
except that for HCIBr, which relates to 30°) : 


HOU, KO. MgCl, BaClI, | HOIBr,  KOCIBr, MgCl,Br,. BaCl,Bry 
K 10-0 12-2 10-2 11-2 12-8* 13-1f 13-0f 13-1 


* Ray and Sarkar, loc. cit. + Jakowkin, Z. physikal. Chem., 1896, 20, 19. 
t Dancaster, J., 1924, 125, 2038. 


From an examination of the above it is apparent that the chloro- 
dibromides and -di-iodides are dissociated to approximately the same 
extent, the latter being slightly more stable. The K value for 
HCIBr, at 25° would be somewhat lower than that at 30°; it is thus 
seen that the K values for the acids are, in general, somewhat lower 
than those for the corresponding salts, indicative of the greater 
stability of the acid complexes. Similar behaviour is observed with 
the tri-iodides, the K values at corresponding concentrations being 
2-25 x 10° for acid and 2-45 x 10 for the sodium salt. Jakowkin 
(loc. cit.) and Dawson (J., 1901, 79, 238) obtained similar results by 
partition measurements. 

Experimental.—Iodine was purified by customary methods and 
the electrolytes used were of good quality. The usual precautions 
were taken in determining solubilities. 
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NOTES. 


Conclusions. 


The data presented may be said to have established the fact that 
the solubility of iodine in solutions of halides is the result of two 
opposing effects—the tendency to form polyhalides and the simple 
salting-out effect. The observed solubility is dependent on the 
relative magnitude of these effects. With iodides the salting-out 
effect is negligible, but with bromides and especially with chlorides 
it is of considerable importance. These considerations do not apply 
to the halogen acids, which possess little or no salting-out action. 
It has, however, been shown in numerous investigations of the 
salting-out effect that the behaviour of acids is quite different from 
that of the corresponding salts, so the present anomaly is scarcely 
surprising. 

Brénsted and Pedersen (Z. physikal. Chem., 1923, 103, 307) have 
made some measurements of the tri-iodide equilibrium by the 
solubility method, using as solvent a 1-65N-potassium chloride 
solution, and their value for the mass-law expression has been not 
infrequently quoted and used by others. These authors assumed 
that iodine dissolved in the aqueous solution of potassium chloride 
is entirely present as free iodine. Their K value is therefore con- 
siderably in error. When suitable corrections are made for the 
disturbing effect of polyhalide formation, it is found that the 
resulting value of K is approximately the same as when the solvent 
is water. 


Our thanks are due to the Government Chemist, Sir Robert 
Robertson, F.R.S., for providing facilities for the work to be carried 
out and for permission to publish these results. 
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NOTES. 


Elimination of the Nitroso-group from Nitrosoamines. By WiLLIAM 
GEORGE Macminian and Tuomas Haroitp READE. 


Tae usual method of eliminating the nitroso-group of a nitroso- 
aminc by dissolution in concentrated hydrochloric acid often leads 
to mixtures from which the secondary amine is obtainable only 
with difficulty, particularly when there is hydrogen in the para- 
position with respect to the nitrosoamine group. To facilitate 
elimination of the nitroso-group, different substances capable of 
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decomposing nitrous acid have been used with varying degrees of 
success. In sulphuric acid, glycine, acetamide, and potassium 
cyanate or thiocyanate are useless, but urea and thiourea work 
admirably and this method of elimination can be recommended for 
its rapidity and simplicity. For example, on addition of 20 g. of 
m-nitrophenylmethylnitrosoamine to 15 g. of urea in 75 c.c. of water 
and 75 c.c. of sulphuric acid at 50°, instantaneous evolution of gas 
(nitrogen, carbon dioxide, and nitric oxide) took place. This was 
completed by heating for 15 minutes at 100°. 

After cooling, precipitation by ammonia, and crystallisation from 
ligroin, the m-nitromonomethylaniline obtained (15-5 g.), m. p, 
67-5° (Ullmann, Annalen, 1903, 327, 112, gives m. p. 65—66°) 
(Found: C, 54:9; H, 5-9; N, 18-0. Cale.: C, 55-2; H, 53; 
N, 18:4%), failed to give Liebermann’s nitrosoamine reaction and 
was reconverted by nitrous acid into the nitrosoamine (1-8 g. from 
2-0 g. of base). The yields of secondary amine obtained varied from 
90 to 95% from the m-compound and from 80 to 90% from p-nitro- 
phenylmethylnitrosoamine. With thiourea a similar procedure 
gave equally satisfactory results, no experiment giving less than 
80% or more than 95% of recrystallised secondary amine. 

Nuclear nitroso-compounds, e¢.g., p-nitrosodimethylaniline and 
a-nitroso-B-naphthylamine, were recovered unchanged.—UNIVER- 
SITY OF ABERDEEN. [Received, February 9th, 1929.] 





The Preparation of p-Azoxyanisole and Derivatives. By WILLIAM 
Davies and Ratpo ALEXANDER RopGerR Down. 


THE two-fold action of sodium methoxide in the production of 
azoxyanisoles from p- and o-halogenonitrobenzenes has been} 
recorded by Jackson and Fiske (Ber., 1902, 35, 1131) and Brand 
(J. pr. Chem., 1903, 67, 150). 

In the preparation of p-azoxyanisole from p-chloronitrobenzene 
and sodium methoxide the conditions should be such that sub- 
stitution as far as possible precedes reduction, because pp’-dichloro- 
azoxybenzene cannot easily be converted into p-azoxyanisole. 
Under the following conditions a yield of 64°% of pure azoxyanisole 
is readily obtained. 

69 C.c. of a methyl-alcoholic solution of sodium methoxide (con- 
taining 100 g. Na per litre) are boiled for 12 hours with p-chloro- 
nitrobenzene (31-5 g.), 51 c.c. of the methoxide solution are then 
added (total quantity, 50% in excess of the theoretical amount 
required to produce the azoxyanisole), methyl alcohol (50 c.c.) i8 
distilled off, and the residue is boiled for a further 12 hours and 
then treated with hot water to dissolve the inorganic matter. The 
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crude dry p-azoxyanisole obtained (23-5 g.) is recrystallised from 
boiling benzene (200 c.c.)—-petroleum (130 ¢.c.; b. p. 80—100°), 
14 g. of pure material being obtained directly and 2-5 g. from the 
nother-liquor by concentration to 150 c.c., dilution with petroleum 
(250 c.c.), and recrystallisation. The m. p. (118-5°) and the clearing 
point (134—135°) are unchanged by admixture of an authentic 
specimen of p-azoxyanisole. 

Preparation of 3: 3'-Dichloro-p-azoxyanisole.—1 : 2-Dichloro-4- 
nitrobenzene (m. p. 42°) is obtained in excellent yield after D.R.-P. 
167297, but a chlorinating temperature of 95—105° and the presence 
of antimony trichloride (5% by weight of the p-chloronitrobenzene) 
are advantageous. It is converted into 3: 3’-dichloro-p-azoxy- 
anisole by using exactly the same molecular proportions of sodium 
methoxide and the other conditions recorded above. After crystal- 
lsation from benzene and from petroleum (b. p. 100—120°), the 
azoxyanisole is obtained in yellow prisms, m. p. 182° (yield, 10-5 g. 
from 19-2 g. of 1 : 2-dichloro-4-nitrobenzene). It does not form 
liquid crystals (Found: C, 51-3; H, 3-2. C,,H,,03N,Cl, requires 
(,51-4; H, 3-65%).—Tue University oF MELBOURNE. [Received, 
February 1st, 1929.] 





The Action of Aromatic Acid Chlorides on Vinyldiacetoneamine. 


By JoHn GRAYMORE. 


Ir has been shown by Kipping and Greasley (J., 1924, 125, 2611) 
that vinyldiacetoneamine [2 : 2 : 6-trimethyl-4-piperidone] cannot 
be benzoylated by the Schotten—Baumann method: the only 
benzoyl derivative which is obtained is a trace of benzoic anhydride. 

By heating vinyldiacetoneamine (2 mols.) with benzoyl chloride 
(1 mol.), however, they obtained a normal N-benzoyl derivative, 
(15H,O.N, m. p. 156°, and when more benzoyl chloride was used 
an oil was produced from which ill-defined crystals of a structural 
isomeride, m. p. 110°, separated. Since further investigation was 
required in order to explain these observations, the author, at 
Professor Kipping’s suggestion, has examined the behaviour of 
vinyldiacetoneamine towards various benzoylating agents. 

Under the conditions of Schotten and Baumann acylation did 
not occur in any case, the results confirming those of Kipping and 
Greasley save that no anhydride formation took place. As this. 
ould be attributed to the presence either of water or of sodium 
hydroxide, experiments were made in aqueous solution in the 
absence of sodium hydroxide, but again no benzoyl derivative was 
formed, the benzoylating agent reacting to form a salt with the 
base, as the acid was precipitated on acidification. 
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With pure dry vinyldiacetoneamine (2 mols.) freshly distilled 
under reduced pressure, m- and p-nitrobenzoyl chlorides, o-nitro. 
p-toluoyl chloride, and p-toluenesulphony!l chloride (1 mol.) con. 
densed in the cold in the expected manner to give normal N-acy] 
derivatives. The formation of isomerides was not observed and 
experiments with a larger proportion of the acid chloride were not 
made. 

The yield in the case of p-nitrobenzoyl chloride was theoretical, 
but in all others not more than 75% of the calculated yield could 
be obtained. N-m-Nitrobenzoylvinyldiacetoneamine  crystallises 
from hot acetone in long needles, m. p. 159—160°; it is insoluble 
in water and ether, very soluble in acetone, less so in chloroform, 
and fairly readily soluble in alcohol. The p-derivative crystallises 
from acetone in short needles, m. p. 170°. N-o-Nitro-p-toluoyl- 
vinyldiacetoneamine, m. p. 150—151°, and N-p-toluenesulphonyl- 
vinyldiacetoneamine, m. p. 184°, crystallise from alcohol. 

A concentrated aqueous solution of ammonia and ethylamine 
react with benzoyl chloride in the expected manner; but in very 
dilute solution (less than 5°), where free ammonia and ethylamine 
molecules are few, the formation of benzoyl compounds takes place 
either not at all or on a greatly reduced scale. It seems probable, 
therefore, that vinyldiacetoneamine in aqueous solution combines 
with water to form the ammonium hydroxide, and that a hydrogen 
atom in such a quinquevalent ammonium group is not displaceable 
as is the case with certain hydrochlorides.—UNIvErsity CoLLzct, 
NortmncHam. [Received, November 6th, 1928.] 





Salicylaldehyde and its Methyl Ether. By Maurice Copisarow. 


o-Totyt carbonate, which is mentioned by Einhorn and Hollandt 
(Annalen, 1898, 301, 115) and serves for the preparation of salicyl- 
aldehyde by chlorination and subsequent hydrolysis (Raschig, 
D.R.-P. 233631; Friedlander, ‘‘ Fortschritte der Teerfarbenfabrik- 
ation,” vol. X, p. 163), was prepared_by passing carbonyl chloride 
into a solution of 108 g. of o-cresol and 42 g. of sodium hydroxide 
in 300 c.c. of water at 70—75° until the gas ceased to be absorbed. 
The oily liquid that separated was triturated with cold dilute 
sodium hydroxide solution, washed, and dried. The white odourless 
product. (yield, 100 g., i.e., 83%) was chlorinated by Raschig’s 
method (loc. cit.):. the reaction was accelerated by sunlight and 
was accompanied by the evolution of carbonyl chloride in addition 
to hydrogen chloride. . ««-Dichloro-o-tolyl carbonate was obtained 
as.a thick brownish-yellow liquid which set to a translucent resin 
and could not readily be purified. 





ALKALINITY OF SOAP SOLUTIONS AS MEASURED BY INDICATORS. 589 


The chlorination product (380 g.) from 1 g.-mol. of o-tolyl 
carbonate was suspended in 1200 c.c. of methyl alcohol, a solution 
of 260 g. of sodium hydroxide in 500 c.c. of water gradually added, 
and the mixture heated for 1 hour at 100°. The alcohol was then 
removed, and the residue acidified and steam-distilled. The pale 
yellow oil in the distillate was identified as salicylaldehyde (yield, 
107 g.; 44%). The distillate contained 15 g. of dissolved salicyl- 
aldehyde (contaminated with salicylic acid), making the total yield 
of aldehyde 50%. Less satisfactory results were obtained by acid 
hydrolysis. 

o-Anisaldehyde was prepared directly by the combined hydrolysis 
and methylation of the chlorination product. 120 G. of anhydrous 
sodium carbonate and 250 g. of methyl sulphate were gradually 
added to the hydrolysed chlorination product (before removal of 
the aleohol and acidification), the mixture was heated for 4 hours 
at 100°, the alcohol removed, and the residue acidified and distilled 
in steam. The product consisted of 103 g. (2% in solution) of 
anisaldehyde (yield, 38%) and 32 g. (6% in solution) of salicyl- 
aldehyde (yield, 13%). The anisaldehyde was ultimately obtained 
insmall colourless crystals, m. p. 39—40°. 

This method of preparing o-anisaldehyde is much more satis- 
factory than those already recorded (Perkin, Annalen, 1868, 145, 
302; J., 1889, 55, 550; Voswinckel, Ber., 1882, 15, 2024; Irvine, 
J. 1901, 79, 669; Katschalowsky and Kostanecki, Ber., 1904, 37, 
2347). 


The author is indebted to Mr. G. E. McKenlay, B.Sc. (Tech.), for 
his assistance in this work.—THE UNIverRsiry, MANCHESTER. 
(Received, January 26th, 1929.} 





LXXXVI.—The Alkalinity of Soap Solutions as 
measured by Indicators. 


By James Wiii1AM McBaIn and KATHLEEN Hay. 


Taz classical experiments of Chevreul (“‘ Recherches chimiques 
wr les corps gras d’origine animal,” Paris, 1823) demonstrated 
tkarly the existence of hydrolysis in aqueous solutions of sodium 
nd potassium soaps, and gave some indication of the products of 
hydrolysis. Until recently, however, the extent of the hydrolysis 
vas a matter of dispute and of wide divergence of opinion (see, e.g., 
F. Goldschmidt, ‘‘ Handbuch der Chemie und Technologie der Ole 
und Fette,” Vol. III, 1911, pp. 405 and 411, where it is stated that 
his is “still an unsolved problem”). Contributions from the 
Y 
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Bristol Laboratory (McBain and Martin, J., 1914, 105, 957; McBain 
and Bolam, J., 1918, 143, 825; Beedle and Bolam, J. Soc. Chem, 
Ind., 1921, 40, 27 7; McBain and Taylor, Z. physikal. Chem., 191), 
76, 179; McBain and Jenkins, J., 1922, 121, 2325; McBain and 
Bowden, J., 1923, 123, 2417; M. E. Laing, J. Physical Chem, 
1924, 28, 673; McBain and Buckingham, J., 1927, 2679) have 
established by many independent methods (hydrogen electrode, 
rate of catalysis, conductivity, ultrafiltration, and electric migration) 
that all aqueous solutions of the salts and acid salts of the fatty 
acids are definitely alkaline, although the concentration of hydroxy] 
ion is only of the order of N/1000 or less. Each of these methods 
has limitations, and the present contribution, in which the use of 
indicators is described, greatly extends the available data. 

The investigation, which was completed at the University of 
Bristol in 1926, began by a study of the behaviour of all the com. 
mercially available indicators in alkaline solution in the absence 
of soap. Many surprising discrepancies were encountered,* includ. 
ing, for example, a very large salt error caused by the standard 
Sorensen buffers themselves with such indicators as thymol-blue, 
phenol-red, and phenolphthalein in alkaline solution. Some of the 
results of this study have been published by McBain, Dubois, and 
Hay (J. Gen. Physiol., 1926, 9, No. 4, 451). The work has been 
supplemented and confirmed by the use of the hydrogen electrode 
by Miss Clark and Miss M. E. Laing at Stanford (J. Gen. Physiol., 
in press). 

Very few indicators possess any value for the study of soap 
solutions; for example, the Universal Indicator, which has been 
used in several technical circles, yields completely erroneous results. 

The two bestindicatorsare alizarin-yellow G (0-003—0-0005N-OH' 
and phenolphthalein (0-0008—0-0001N-—OH’). Thymol-blue agrees 
with these (0-0007—0-0001N-—OH’), though the colour changes are 
not so striking; o-cresolphthalein also gives the same results as 
phenolphthalein if the correct concentration of indicator is used 
but phenol-red lies in a range of alkalinity so low (below 0-0001 V-OH' 
as to be rarely suitable in soap solutions. The special techniqua! 
employed to minimise or eliminate systematic error is to match the 
colour given by indicators in standard Serensen and Palitzscl 
buffers, glycine-sodium hydroxide and borax-boric acid, at 20 
with the same colour given by the indicator in solutions of pur@i 
sodium hydroxide at 20° and at 90°, and to use the hydroget 
electrode in the dilute solutions of sodium hydroxide to corre¢ 

* (Added to proof.) Compare McCrumb and Kenny on the shortcomings 0 


the available indicators for alkaline solutions (J. Ind. Eng. Chem., analytics 
edition, 1929, 1, 44). 
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for any effect of the indicators upon the hydroxyl-ion concentration. 
Thus colours given in the soap solutions at 20° and at 90° could be 
matched against these buffers at 20°, whilst the colours are directly 
interpreted in terms of true alkalinity at the temperature of the 
sap. Results obtained by this method agree with the best estab- 
lished results of the previous methods in the few cases where such 
comparison is possible. 

Previous methods have given somewhat distorted results for 
soap solutions stronger than NV/10 or NV/5. In the Z.M.F. method, 
the neglected diffusion potential, difficult to evaluate precisely, must 
render the apparent hydroxyl-ion concentration too great. On the 
other hand, it was shown by blank experiments that the catalytic 
method gave low results for concentrated soaps because of sorption 
of reacting substance by the soap. The truth lies between these 
two values, and the results with indicators fall in the expected place. 
This is seen from Table I, which gives the results for the two soaps 
for which data by these three methods are available. 


TABLE I. 


Concentration (N,) * of hydroxyl ion in soap solutions at 90° as given 
by indicators (1), E.M.F. (2), and catalysis (3). 
Sodium palmitate. 
Cone. of soap. 0-042N,,. 0-5N wu. 0-8N wo. 
0-0010 i 
0-0019 0-0022 
0H’ by (3) P 0-0002 0-0002 
Potassium palmitate. 
Cone. of soap. 0-019N,. 0°042N,. O0-1Ny. 0-3N . 0-85N,. 
0-0010 0-0014 0-0016 0-0015 — 
0-0011 0-0010 0-00125 0-0019 0-0015 
OH’ by (3) 0-0008 0-0009 0-0009 0-0006 0-0001 
am * A curiously arbitrary choice is inherent to the use of either the catalytic 
§ the indicator method. This arises from the fact that concentrated soap 
solutions are so very much bulkier than the water they contain. For example, 
at 90° a 1-0N,,-solution of sodium palmitate contains only 1000 g. of water 
in 1328-0 c.c. of soap solution. When now, solutions of sodium hydroxide 
ase found which exhibit the same rate of catalysis or the same colour of 
@ddicator as a given soap solution, does this mean that the amount of hydroxyl 
ins in the hydroxide is that which is producing the same effect in the same 
J xount of water in the soap solution (N,, of OH’) or in the same total volume 
soap solution (NV, of OH’)? In this paper it is called N,. The difference 
@ 32-38%, but this is proportional to the concentration and becomes inappre- 
table in dilute solution. 


The hydrolysis alkalinity in the tables is reckoned on the total 
oncentration of soap according to the formula : 


% Hydrolysis = (N, of OH’ x 100)/(Total N,, of soap) 
vhere V,, means equivalents per kg. of water. 
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Discussion. 


The key to the understanding of the hydrolysis of soap solutions 
is the appreciation of the two factors: (a) that it is a property of | 
the simple fatty ions, and (b) that it is due to the acid soap resulting 
from hydrolysis. Even the higher fatty acids are not particularly 
weak, and if it were not for the complexity and frequent insolubility 
of the acid soaps they would not be appreciably more alkaline than 
solutions of sodium acetate, which is hydrolysed only to the extent 
of 0-008% in 0-1N-solution at 25°. 

The equation of hydrolysis, viz., P’ + H,O~——— HP + 0H’, 
refers directly only to the simple fatty ions; P represents a fatty 
radical such as palmitate, and HP the simple molecules of undis. 
sociated fatty acid. The concentrations of HP and of OH’ would 
be equal (and, like those in sodium acetate solution, almost negligibly 
small) were it not for the almost complete withdrawal from solution 
of the primary product of hydrolysis, the simple molecules of HP, 
through formation of acid soap. This shifts the equilibrium as given 
above to the right, with formation of a far higher concentration of 
hydroxy] ions : 

HP + NaP——— HP,NaP, 


or, in some cases, HP + 2NaP———> HP,2NaP. 


The acid soap, HP,NaP, is formed so completely that there is 
only the merest trace of free fatty acid left as such. This is con- 
clusively shown by experiments on the equilibria in the presence 
of a second solvent such as benzene, toluene, or xylene. The low 
concentration of the fatty acid in the non-aqueous layer, even when 
the aqueous layer still contains more fatty equivalents of radical 
than of sodium, is thermodynamically conclusive proof that the 
aqueous layer is likewise unsaturated with free fatty acid. Thus 
the aqueous layer of any pure or commercial soap, whether con- 
taining excess, or even large deficiency, of sodium, never contains 
sufficient free fatty acid to saturate the water, in spite of the low 
solubility of these higher fatty acids. The concentration of hydroxy! 
ion is of the order N/1000, and that of free fatty acid 10-°N, whereas 
10°N would be required for saturation. It is necessary to state 
these findings precisely, because they refute the opinions even now 
universally expressed in the literature, where it is taken for granted 
that free fatty acid occurs in soap solutions ‘as free emulsified liquid 
or suspended solid. The experimental evidence is summarised in 
the communications of McBain, Laing, and Taylor (J., 1922, 121,0%p 
621), McBain and Buckingham (loc. cit.), and McBain and Eaton 
(J., 1928, 2166; see also, McBain and Stewart, J., 1927, 1392). 
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The acid soaps are usually insoluble, but when sufficiently soluble 
they are colloidal electrolytes. 

To sum up, the substance that hydrolyses is P’, the simple fatty 
ion; the hydrolysis is also conditioned by the locking up of the 
free fatty acid in the form of acid soap. 

In sufficiently dilute solution (e.g., less than N/20 at 90°), all 
soaps are simple crystalloidal salts like sodium acetate. Hence the 
degree of hydrolysis depends simply on the molecular weight; the 
higher the soap in the homologous series the greater the hydrolysis. 
Furthermore, potassium and sodium soaps are nearly identical. 
This is shown in Table II where also it is seen that in accordance 
with the greater solubility of the oleates as compared with stearates, 
the oleates are distinctly less hydrolysed. The oleates (Cj, un- 
saturated) are very similar to palmitates (C,,, saturated) ; this is true 
for the sodium soaps in dilute solution up to 0-02N, and for the 
potassium soaps right up to 0-4N. 


TABLE II. 
Concentration of hydroxyl ion (N of OH’) and hydrolysis (%) in 
0-01N,,-soap solutions at 90°. 
Potassium soap. Sodium soap. 
0-00029N-OH’ ; 0-00025N-OH’ 

Myristate, C,, 9-00033 . 0-00045 
Palmitate, Cy, 0-00075 
Oleate, Cis . , 0-00086 
Stearate, C,, . : 0-0013 
Behenate, Cap 0-0029 

In concentrated solutions the simple fatty ions P’ are largely 
replaced by ionic micelles (P’,,) and hence there is less hydrolysis. 
Thus here it is the highest soaps that are least hydrolysed, and the 
hydrolysis is less than in dilute solution, not merely relatively, but 
absolutely. In other words, the hydroxyl-ion concentration 
increases as soap is gradually added to pure water, passes through a 
flat maximum and decreases again. The fact that in concentrated 
solution the highest soaps are less hydrolysed than the laurate 


(C,)) is shown in Table ITT. 
Taste ITI. 
Concentration of hydroxyl ion (N of OH’) and hydrolysis (%) in 
0-5N,-soap solutions at 90°. 


Potassium soap. Sodium soap. 
0-0034N-OH’ 0-68% 0-0030N-OH’ 0 
0-31 0-00092 * 0 

0 
0 


6% 
“2 
“2 


0-24 0-0010 
0-3 — 
0-3 0-0010 


* 0-4N,,-Soap. 


“2 
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The laurates (C,.) are crystalloidal up to much greater concen. 
trations than the higher soaps, and hence not only develop a much 
higher hydroxyl-ion concentration but also do not reach a maximun 
value for the concentration of hydroxyl ions until in such concen. 
trated soap solution as 0-8N,. In contrast with this, the mor 
colloidal palmitates (C,,) and oleates (CZ, unsaturated) attain 
maximum alkalinity between 0-07 and 0-2N,,. Sodium stearate 
(C,,) reaches its maximum alkalinity at 0-05N,,, whilst that o 
potassium stearate or sodium behenate (C,,) is practically constan 
from 0-02 to 0-2N,. At room temperature, where the laurateg 
are far more colloidal, they attain their maximum alkalinity a 
0-2N,, of soap; but the oleates have reached it at 0-05N,,. The 
soaps of the higher, saturated, fatty acids are all too sparing; 
soluble to be investigated at 20°. 

The change over from the increase of hydrolysis shown in Table 
to the decrease shown in Table III is illustrated by the data fo 
N/10 soaps at 90° (Table IV), where six out of the ten soaps ar 
equally hydrolysed. In the more concentrated solutions the 
potassium soaps are very slightly more hydrolysed than the sodium 
soaps. 

TaBieE IV. 


Concentration of hydroxyl ion (N of OH’) and hydrolysis (%) 
in 0-1N,-soap solutions at 90°. 


Potassium soap. Sodium soap. 
Laurate, C,, 0-00174N-OH’ 1-74% 0-0015N-OH’ 
Myristate, C4 0-00123 1-23 0-00123 


15% 
] 
Palmitate, C;, 0-00172 1-72 0-0018 1 
0 
l 


3 
4 


2 
8 
9 
1 


Oleate, Cis ........sceeeee 0-00168 1-68 0-00094 . 
Stearate, C,, 1-72 00-0011 ; 

Table V shows how small is the absolute concentration of hydroxy 
ions in extremely dilute solution, but how high a percentage hydro 
lysis this represents. Dilute solutions of a soap such as potassium 
laurate at room temperature are full of bulky crystalline sedimen 
(acid soap), whereas a concentrated solution of the same soap @ 
the same temperature is as clear as water even in the ultramicroscope 


TABLE V. 
0/ 


Concentration of hydroxyl ion (N of OH’) and hydrolysis (%) ' 
extremely dilute soap solutions (0-0005N,) at 90°. 
0-00012—0-00007N -OH’ 


0-00011 
0-00013 
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The effect of temperature is slight in very dilute solution, although 
more pronounced in concentrated solution, but always in such a 
direction that hydrolysis is diminished on cooling provided that the 
soap stays in solution. Soap solutions from which soap has separ- 
ated out on cooling (curded) are always distinctly more alkaline 
than the same system wholly in solution at, say, 90°. This accords 
with the observations of McBain and Martin (loc. cit.) with the 
hydrogen electrode; probably it is due to sorption of acid soap on 
the extensive surface of the freshly formed curd fibres. Equilibria 
are not attained here until after long periods. After 3 months, 
however, the alkalinity appears to be much the same as in the 
original solution at 90°. 

Previous studies have shown that hydrolysis is not completely 
suppressed until excess of alkali to the extent of 3 or 4 equivalents 
per cent. has been added to a soap solution. Thereafter the 
alkalinity is just that of the added alkali. The slight amount of 
free alkali in a well-finished soap is of wholly negligible importance. 
Indeed, a small excess of alkali would, furthermore, be completely 
ofiset by the carbonic acid in ordinary tap-water. Addition of 
fatty acid decreases the alkalinity of a soap solution but never 
entirely removes it. Indicators confirm this. Owing to the 
insolubility of acid sodium palmitate, even at 90°, addition of 


palmitic acid renders a solution of sodium palmitate cloudy and 
heterogeneous. 


EXPERIMENTAL. 


The soap solutions were carefully prepared from Kahlbaum’s 
purest fatty acid by the method of Bunbury and Martin (J., 1914, 
105, 417) after the molecular weight had been determined by dis- 
solving the acid in freshly boiled-out, neutralised alcohol containing 
phenolphthalein and titrating it against the solution of sodium or 
potassium hydroxide which was to be used in making the soap.* 
It was arranged that in this titration the solution at the end-point 
contained 60—80°% of alcohol. N/5- and N/10-Solutions were 
prepared and were diluted with freshly boiled-out conductivity 
water. The sodium hydroxide was carefully made, as described 
in previous communications, from drippings from metallic sodium 
free from carbon dioxide. Stoppered Jena-glass vessels were 
employed throughout. Solutions were prepared immediately 
before use by dilution of the drippings with freshly boiled-out 
conductivity water. 


* This method of working must render negligible any influence of slight 
impurity in the fatty acid; specifically, the myristic acid was found to have 
slightly too high a molecular weight. 
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Two types of buffer mixture were used, Sorensen and Palitzsch’s 
glycine-sodium hydroxide and borax-boric acid (Clark, “ Deter. 
mination of Hydrogen Ions,” Wilkins and Williams, 1922). The 
glycine, sodium chloride, borax, and boric acid were Kahlbaum’s 
purest. After addition of indicator, buffer solutions were kept 
in closed vessels; and to avoid error due to fading they were not 
kept more than 2, or sometimes 3, days. Tubes containing buffers 
with added phenolphthalein were sealed in an atmosphere of 
nitrogen free from carbon dioxide. 

The amount of indicator added, as shown in the tables, was that 
required to produce maximum colour. The buffers contained 
5 drops of 1% neutralised alcoholic solution of phenolphthalein 
in 20 c.c. of buffer solution. The colour of the solutions was matched 
by eye under a Sherringham Daylight Lamp in glass test-tubes of 
equal bore. Details of the standardisation of the colours given by 
buffers against known concentrations of pure alkali are recorded 
in previous references (McBain, Dubois, and Hay, loc. cit.; Clark 
and Laing, loc. cit.). 


Experimental Data giving Hydrolysis Alkalinity (Ny, of OH’) and 
Hydrolysis (°%). 


(Throughout these tables, the concentration of soap is given in 
terms of weight-normal, N,, and the column headed “ N,- 
NaOH ” shows the normality of the sodium hydroxide solution 
required to give a matching colour.) 


Solutions of sodium laurate. 
At 90°.* At 20°. 





Cone. we 
soap. N,-NaOH. N,-OH’. %. N,-NaOH. N,-OH’. 
0-5 0-003T 0-003 0-0011F 0-0010 
0-2 0-0022T 0-0020 0-0012t 0-0011 
0-1078 0-0017t 0-0016 0-00087 0-0007 
0-1078 0-00175f 0-0016 * 0-0010T 0-0009 
0-1 0-0015t 0-0014 0-0010T 0-0009 
0-05 0-00099T 0-00088 0-00075T 0-00066 
0- 0-00080§ 0-00073 0-0008§ 0-0007 
0- 0-00048]| 0-00043 0-00032]| 0-00027 
0- 0-00054§ 0-00049 0-00032§ 0-00027 
0- 
0- 


orcr 


or cr 
bt et het bet et het SD 


mIdd me oas 


0-00025|| 0-00021 0-00021 || 0-00017 
005 0-00012|| 0-00008 0-00010)| 0-00007 


Ode re arearngoiik } 4 
Se Ke ADAH 


* The sodium laurate used for solutions at 90° contained 1-8% equivalents 
excess of lauric acid. 

+ Indicator, 9 drops of 0-04% alizarin-yellow G. 

t in , 10 drops of 0-04% alizarin-yellow G. 

§ , 10 drops of 1% phenolphthalein. 

ll , 3 drops of 1% phenolphthalein. 
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SOAP SOLUTIONS AS MEASURED BY INDICATORS. 


Solutions of potassium laurate. 


At 90°. 


At 20°. 





Conc. 
soap. 


> 
ic2) 
for) 
bo 


0-003 
0-004+ 
0-0028+ 


0-0035+ 
0-0025+ 
0-00174t 
0-0012+ 
0-00036t 


0-000285t 


Seeeeeeoeoees 
coooornwmwaonnan 


‘N,-NaOH. N,-OH’. 


0-003 
0-004 
0-0026 
0-0032 
0-0023 
0-0016 
0-0011 
0-00031 


0-00024 


em De ee ee 
orbs 


bo 
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N,,-NaOH. 


0-00117 
0-0010+ 
0-0009+ 
0-0008+ 
0-0008+ 
0-00107¢ 
0-0008¢ - 
0-0008 
0-0003+ 
0-0003§ 
0-00023§ 


N,,-OH’. 


0-0010 
0-0009 
0-0008 
0-0007 
0-0007 
0-0010 
0-0009* 
0-0007 
0-0002 
0-00026 
0-00019 


Solutions of potassium laurate containing 0-07% deficiency of alkali. 


0-0015+ 
0-00175¢ 
0-00168+ 
0-00168} 
0-0013¢ 

0-00082+ 
0-00023t 
0-00011t 


wo 
r= 


SOSH NHK S 
oo 


— bo 


0 
0: 
0 
0: 
0: 
0: 
0: 
0: 


0-0014 
0-00158 
0-00152 
0-00152 
0-0012 
0-0007 
0-00019 
0-00008 


0-28 
0-40 
0-52 

76 


0-0004§ 
0-0004§ 


0-00027§ 
0-00022§ 
0-00013§ 


0-00036 
0-00036 


0-00023 
0-00018 
0-00010 


0-07 
0-09 


* Miss Laing determined the N,-OH’ as 0-0011 by hydrogen electrode. 


+ Indicator, alizarin-yellow G. 
» phenolphthalein. 


+ 
+ 
§ , 5 drops of 1% phenolphthalein. 


Solutions of sodium and potassium myristate at 90°. 


Sodium myristate. 
Nw-NaOH. 


0-00092* 
0-00123* 
0-00123* 
0-00123* 
0-00083f 


0-00048} 
0-00005t 


N,-OH’. 


0-00091 
0-00111 
0-00111 
0-00111 
0-00077 


0-00043 
(0-00003) 


(3-0) 


Potassium myristate. 


N,-NaOH. 


0-00123* 
0-00123* 
0-00123* 
0-00092* 
0-00039§ 
0-00037§ 
0-00035§ 
0-00033§ 
0-00013§ 


N,-OH’. 


0-00111 
0-00111 
0-00111 
0-00082 
0-00035 
0-00033 
0-00031 
0-00029 
0-00009 


Indicator, 10 drops of 0-05% alizarin-yellow G. 
» 10 drops of 1% phenolphthalein. 
» phenol-red. 
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Conc. 
soap. 
0-5 
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0-001 
0-001 
0-0005 
0-0005 
0-00047 
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Solutions of sodium and potassium palmitate at 90°. 
Potassium palmitate. 


Sodium palmitate. 


Ny~-NaOH. N,-OH’. 


0-0010* 
0-001174 


0-0020* 
0-0018* 
0-0018* 
0-00092* 


0-00092* 
0-00076t 
0-00082+ 
0-00068+ 
0-00046+ 


0-00035+ 
0-00019+ 


0-00012t 
0-00007+ 


0-0010 
0-0011 


0-0018 
0-0016 
0-0016 
0-00082 


0-00082 
0-00070 
0-00076 
0-00062 
0-00040 


0-00031 
0-000158 
0-00009 
(0-00004) 


%. 
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* Indicator, alizarin-yellow G. 
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” Py phenol-red. 
om » thymol-blue. 
2 » phenolphthalein. 


0-0012* 

0-00168* 
0-00172* 
0-00172* 
0-00126* 


0-00074§ 
0-0008* 


0-00054* 
0-000148§ 
0-000144/} 


0-00013}| 


N,-NaOH. N,-OH’. 


0-0010 

0-00152 
0-00155 
0-00155 
0-00113 


a! | 


ID 
| 


0-00067 
0-0007 
0-00047 
0-€00144 
0-000108 


ee 
Co» © 
bul ot 


000009 


_ 
A 
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, 5 drops of 1% phenolphthalein in 20 c.c. of solution. 


Solutions of sodium and potassium stearate at 90°. 
Potassium stearate. 


Sodium stearate. 
N wr Ni aQH. 


0-0010* 


0-0010* 
0-0017* 
0-0012* 
0-0092* 


0-0018* 
0-00107* 
0-0016* 
0-00123* 


0-0014* 

0-00123* 
<0-00099* 
> 0-00054+ 


0-0008* 


N,-OH’. 
0-0010 


0-0010 
0-0015 
0-0010 
0-00082 


0-0016 
00010 


0-0015 
0-00111 


0-0013 
0-00111 


<0-0009 
>0-0005 
0-0007 


%. 
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N,,-NaOH. 


0-0012* 
0-00168* 
0-00168* 


0-00172* 
0-0018* 


0-0018* 
0-00168* 


0-00168* 


0-0013* 


0-0013* 
0-0011" 
0-00038+ 


* Indicator, alizarin-yellow G. 


T » 


, phenolphthalein. 


Ny-OH’. 
0-0011 
0-00152 
0-00152 
0-00155 
0-0016 
0-0016 
0-00152 
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0-00152 
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0-0012 


0-0012 


0-0010 
0-00034 
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Solutions of the higher soape at 20°. 


Conc. Nu- Nu- 
soap. NaOH. OH’. 
Sodium palmitate. 
0-005 0-00040*  0-00030 
0-002 0:0008¢ 0-0007 
0-001 0-00031¢ 0-00027 
00005 0-00038f 0-00034 


Cone. 
%. soap. 


(6-0) — 0-005 
35 0-002 
27 0-002 
68 0-003 


Potassium palmitate. 


00098 0-0015* 0-0014 
000047 0-00028t 0-00024 


Nw- Nu- 
NaOH. OH’. 
Sodium stearate. 
0:00075*  0-00066 
0-0011* 0-00100 
0-00011¢ 0-00008 
0-00025f 0-00021 


Potassium stearate. 


14-0 0-0005  0-00034¢ 0-00030 


51-0 


* Indicator, alizarin-yellow G. 
- » phenolphthalein. 


T 


Solutions of sodium oleate at 90° and 20°. 
At 90°. 





Ny-NaOH. N,-OH’. 
0-00038$  0-00034 
0-00092+  —-0-00082 
0-00082+  0-00072 
0-0012t 0-0010 
0-00080¢ 0-0007 
0-0012f 0-0010 
0-0012¢  —-0-0010 
000107 —-0-0010 
0-00082§ 0-00076 


0-00092T 0-00082 


0-00038t  0-00084 
0-00035t  0-00031 


0-00029¢  0-00024 
0-000265¢  0-00023 
0-00165¢ 0-00014 
0-00011¢  0-00008 
0-00011t  0-0008 


* Solution prepared separately. 
t Indicator, 10 drops of 0-05% alizarin-yellow G. 


3 ° 


At 20°. 





N,-NaOH. N,-OH’. 


0-00028§ 


0-0009 
0-00062t 
0-0012¢ 
0-0009¢ 
0-0005§ 
0-00039t 
0-00035t 
0-00036t 
0-000345¢ 
0-00029t 
0-000265t 
0-00024t 
0-00018t 
0-00015¢ 
0-00010t 


, 5 drops of 1% phenolphthalein. 


§ o» , 10 drops of 1% phenolphthalein. 
|| Before heating. 
q After heating. 
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Solutions of potassium oleate at 90° and 20°. 
o At 90°. At 20°. 
one. ——. 
soap. N,-NaOH. N,-OH’. : Nw~-NaOH. N,-OH’. 
0-413* 0-0012t 0-0011 , 0-000108¢  0-000054 
0-00034f 0-00030 
0-2067 0-00168t 0-000152 ; 0-00022+ 0-00017 
0-1018 0-00168+ 0-00152 , 0-0003T 0-0002 
0-0517 0-00168F 0-00152 . 0-0008T 0-0007 
0-03995 0-00154t 0-00139 . 0-00077 0-0006 
0-0185 0-0012+ 0-0011 . 0-0008+ 0-0007 
0-0102 0-0008+ 0-0007 . 0-0003t 0-0002 
0-00976 0-000827 0-0007 ° 0-00037 0-0002 
0-005088  0-000547 0-00047 . 0-0003T 0-0002 
0-0048 0-000547 0-00047 . 0-0003t 0-0002 
0-0031 0-000547 0-00047 . 0-000227 0-00017 
0-001 0-0024t 0-00020 0-000265f  0-00023 
0-001 0-00014t 0-00010 — —_ — 
0-0007 0-00015t 0-00011 0-00024f 0-00020 29 
0-0005 0-00011f 0-00008 0-00018f 000014 28 
* Prepared by Mr. Stewart; the other solutions were prepared by dilution 
from this. 
t+ Indicator, 10 drops of 0-08% alizarin-yellow G. 
t ia » 5 drops of 1% phenolphthalein. 
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Solutions of sodium behenate at 90° and 20°.* 
Conc. soap. State of system. N,-NaOH. N.-OH’. 
0-2 90°, True jelly. 0-0073 0-0068 
0-1 90° 0-0073 0-0068 


0-05 90°, Viscous liquid. 0-0073 0-0068 

0-02 90° 0-007 0-0065 
20° 6-010 0-009 

0-01 90°, Almost clear liquid. 0-0029 0-0027 
20°, Milky liquid. 0-0073 0-0068 


* Indicator, alizarin-yellow G. 


Solutions of sodium palmitate with added excess of palmitic acid.* 


Excess At 90°. At 20°. 
Conc. Cone. palmit- 2 
Na Cie ate Nw- Nw- Nu- Nw 
(Nw). (Nw). (%). NaOH. OH’. NaOH. OH’. 
0-4001 0-4001 0-00 0-00117 0-0011 
0-4041 0-000604 0-000549 
0-4201 0-000109 0-000073 
0-4669 t (0-00003)  (0-00003) 
0-005 0-000458 0-0004 
0-00525 0-000417 0-000371 
0-00584 0-000376 0-00033 — ee 
0-00667 0-0003 0-00026 0-00031  0-00026 
0-0075 0-0002 0-00016 0-00026 0-00022 
0-010 0-000109  0-000073 0-00014 0-00011 
0-0125 0000077  0-000028  0-00059  0-00054 
0-01033 0-01033 0-00076 0-00070 — — 
0-01085 0-000458 0-000412 0-0003 0-00026 
0-01206 0-000376 0-00033 0-000198 0-000158 
0-01377 0-000376 0-00033 — at 
0-02066 0-000144 0-000108  0-0003 0-00026 


* Indicator, 5 drops of 1% phenolphthalein in 20 c.c. of solution. 
+ Not homogeneous. 
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Solutions of potassium oleate with added excess of oleic acid.* 


At 90°. At 20°. 
Cone. Conc. Excess #——— - / 
K oleate oleate Nu- Nu- Nu- N,.- 
(Nw). (Nw). (%). NaOH. OH’. NaOH. OH’. 
0:04 0-04 0-0 0-00154 0-00139 0-0008 0-0007 
00406 0-07267 78-98 0-00036 0-00031 0-0008 0-0007 
0-025 0-025 0- 0 0-:00134 0-0012 0-00074 0-00068 
0:02558  0-03887 0-00037 0-00033 0-00022 0-00018 
00185 0-0185 . 0-0012 0-0011 0-0007 0-00069 
0-02639 49- 0-0008 0-0007 0-00035 0-00031 
0-014 . 0-0010 0-0010 0-00045 0-00041 
0-0288 107- 0-00033 0-00029 0-000115 0-00008 


* Solutions prepared by Mr. Stewart. Indicators alizarin-yellow G, phenol- 
phthalein. 
¢ Cloudy. t Very cloudy. 





Summary. 

1. Very few indicators are of any value for the study of the alka- 
linity of soap solutions, and even with them certain precautions 
must be observed. Determinations are recorded for solutions of 
pure potassium and sodium soaps at 20° and 90° over a wide range 
of concentration. 

2. All the results harmonise with the recognition of two factors : 
(1) that hydrolysis is a property of the free, simple, fatty ion, not 
of any other ion, molecular species, or colloid; (2) that hydrolysis 
is chiefly due to the fatty acid formed being almost completely 
removed to form acid soap. Hence, all soap solutions are alkaline 
and none contains even the minute amount of free fatty acid 
required to saturate the water. 

3. The results obtained support the conception that soap solutions 
are crystalloidal when sufficiently dilute, and colloidal in higher 
concentrations. For example, on the addition of soap to water the 
hydroxyl-ion concentration rises, passes through a flat maximum, and 
diminishes again as the soap solution becomes concentrated and the 
simple fatty ions are replaced by ionic micelles. The more colloidal 
the soap the sooner is the maximum hydrolysis alkalinity attained. 


StanFoRD UNIVERSITY, CALIFORNIA. [Received, November 16th, 1928.] 





LXXXVII.—Constitutional Influences on the Con- 
version of Azonaphthols into their Azo-sulphites and 
their Bearing on the Structure of a- and B-Naphthol. 


By ALBERT THEODORE KING. 


TxE conversion of azonaphthols into their azo-sulphites is of special 
significance in the case of dyes derived from them, since this reaction 
underlies their degree of fastness to sulphur dioxide on alkaline 
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fabric as distinguished from the ordinary stoving test with excess 
of sulphur dioxide. 

The indication previously made (King, J., 1927, 2639), that 
§-naphthol derivatives are more reactive to sodium bisulphite than 
a-naphthol derivatives, is supported by observations from the 
practical dyeing side by Goodall (J. Soc. Dyers and Col., 1928, 44, 
145), who records that whereas all J. R. Geigy & Co.’s azo-dyes 
with §-naphthol residues proved to be sensitive to sulphur dioxide 
when tested over the “ active range ”’ of alkalinity on wool fabric, 
not one of the twenty «-naphthol derivatives tested was affected. 
This difference in activity is further considered in the present 
paper, more particularly with regard to the positional effect of 
sulphonic groups. 

With the naphthol nucleus unsubstituted, the azo-«-naphthol 
bisulphite compounds form fairly readily, although less so than 
the corresponding 8-naphthol compounds. For example, p-sulpho. 
benzeneazo-«-naphthol reacts rather less readily than p-sulpho. 
benzeneazo-$-naphthol, and 4-sulpho-«-naphthaleneazo-«-naphthol 
(Acid Brown R) distinctly less readily than the corresponding 
8-naphthol compound (Fast Red A). No close comparison of 
constitutional influences can be drawn here, since the coupling of 
§-naphthol derivatives occurs at the ortho-position to the hydroxy- 
group, whereas with the above «-naphthol compounds the coupling 
is at the para-position to the hydroxy-group. 

When the naphthol component is sulphonated, however, so that 
the coupling is in the ortho-position for both «- and 8-naphthol, 
a wide divergency in reactivity appears. The azo-8-naphthol- 
sulphonic acids show no falling off in reactivity; rather, owing to 
the increasing solubility accompanying introduction of sulphonic 
groups, conversion into the azo-sulphite becomes, if anything, 
more readily effected. The well-characterised sulphites of a number 
of azo-8-naphtholsulphonic acids are recorded in the experimental 
part. No example has so far been found where an azo-compound 
with a $-naphthol residue has failed to form a bisulphite derivative. 
On the other hand, azo-derivatives of «-naphthol show a striking 
loss of reactivity with introduction of sulphonic groups, the only case 
of sulphite formation observed being with a sulphonic group in the 
5-position and then only when the azo-derivative is formed from an 
unsulphonated diazo-compound. For instance, «-naphthaleneazo- 
«-naphthol-5-sulphonic acid (Double Ponceau) yields the azo- 
sulphite, but the corresponding 4-sulpho-«-naphthaleneazo-z- 
naphthol-5-sulphonic acid (Fast Red V.R.) merely undergoes slow 
fission, without any azo-sulphite formation occurring. The non- 
reactivity of the following dyes illustrates the general inhibition 
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with a sulphonated «-naphthol component: «-naphthaleneazo- 
«-naphthol-4 : 8-disulphonic acid (Azo Bordeaux, Bayer), «-naphthal- 
eneazo-«-naphthol-3 : 6-disulphonic acid (Benzyl Bordeaux B, 
Clayton Aniline Co.), 4-sulpho-«-naphthaleneazo-«-naphthol-4- 
sulphonic acid (Carmoisine, Sandoz), 4-sulpho-«-naphthaleneazo- 
«-naphthol-5-sulphonic acid (Fast Red V.R., Bayer), 6-sulpho- 
g-naphthaleneazo-«-naphthol-4-sulphonic acid (Brilliant Ponceau 
4R, Bayer). 

The mechanism of azo-sulphite formation has been well studied 
by Voroshcov (J. Russ. Phys. Chem. Soc., 1911, 48, 771; 1915, 
47, 1669), who regards the reaction as taking place by addition at 
the hydroxy-group in its ketonised form, in support of which view 
he discusses the relative activity of the three typical azo-linkings 
in their tautomeric forms as shown below : 


one SN=NC > __, 0 


He observed that compounds (I) and (III) react readily, whereas 
(II) is non-reactive, and regards this as additional evidence against 
Spiegel’s view (Ber., 1885, 18, 1479), since if the reaction consisted 
in addition at the double bond, (II) would offer the least steric 
hindrance and react most readily, and (III) should react least 
readily. But “considering the action as jointly concerning the 
oxy-group, the most restrained oxy-group is in (II), which does 
not react, and this group in (I) and (III) is placed in equally reactive 
state.” 

It would not seem, however, that any form of steric hindrance 
can play more than a minor part, in view of the marked reactivity 
of heavily substituted azo-$-naphthols, e.g., 4-sulpho-«-naphthalene- 
azo-8-naphthol-3 : 6 : 8-trisulphonic acid, though the slowness of 
reaction with m-xyleneazo-$-naphthol-3 : 6-disulphonic acid (see 
experimental part) and also with o-carboxybenzeneazo-{-naphthol- 
3: 6-disulphonic acid is probably a real steric hindrance effect. 
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Indeed the view that the naphthol nucleus reacts in a tautomeric 
keto-form involves the hypothesis that only those azonaphthols 
which are capable of assuming such tautomeric form can give rise 
to azo-sulphites, and the difference in behaviour appears to be due 
rather to some inherent disability of (II) to assume the tautomeric 
form necessary before any reaction can occur, whereas (I) and (III) 
can ketonise readily. 

If this is so, Voroshcov’s formulation above indicates in fact 
that (I) should be the least reactive, which point will be reverted 
to later, but there is no structural indication that tautomerisation 
should occur in (III) but not in (II) or that it would be prevented 
by substitution, even in adjacent positions. 

On the other hand, the unsymmetrical form of the naphthalene 
ring would provide for a different behaviour, on the following 
reasoning, (1—2) in (IV) being regarded as a double-bond position. 
In the case of compound (II), with the hydroxy-group in position | 
tautomerisation involves no oscillation in the ring, only the swinging 
of the 1—2 double bond between the hydroxy-group and the 
2-nitrogen linkage being required, as in the symmetrical formula. 
With the hydroxy-group in position 8, however, tautomerisation 
involves either a complete rearrangement of the double bonds to 
the symmetrical form, or a cyclic transformation round the whole 
nucleus into the alternative unsymmetrical formula. This is not 
absolutely precluded while the naphthol ring remains unsub- 
stituted, but would tend to be blocked by substituents, especially 
in positions 5 and 6. 

Applying the same reasoning to $-naphthols, if the hydroxy- 
group is in position 2, only the 1—2 bond oscillates, but if it is in 
position 7, the same complication obtains as in (8) «-naphthol. 
The contrast is portrayed by the formule for azo-a- (V) and 
-8-naphthol (VI) derivatives. 

gs 1 OH OH 
Fe, te, 7, SOE ae. 
oll [ l L | 5 a 
\A\F \A@\4 ' file," 
i, i, 


(IV.) (V.) (8) a-. (VI.) (2) B-. 


Such a deduction would be very speculative on the single evidence 
of the contrast in reactivity of «- and $-naphtholazo-derivatives 
towards bisulphite, but the view that they are differently con- 
stituted, in that in the $-naphthol type the ring tends to stabilise 
with a double bond across the OH-N positions, and in the «-naphthol 
type with only a single bond, may have a bearing on the conflicting 
evidence regarding the constitution of azo-«- and -§-naphthols, 
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and the well-known generally greater reactivity of the $-naphthol 
nucleus. 

Further, similar configurations for «- and $-naphthol themselves 
would accord with certain contrasts in their behaviour, particularly 
their reduction by sodium and amyl alcohol to the tetrahydro- 
derivatives, «-naphthol giving almost solely ar-tetrahydro-«- 
naphthol, whereas 8-naphthol gives mainly ac-tetrahydro-8-naphthol, 
accompanied by a relatively small quantity of the ar-derivative 
(Bamberger, Ber., 1890, 23, 197, 215, 888). 

The symmetric and the centric formula do not suggest any 
directive influence in this reaction. 


OH OH H, H, 
(VS ots COR /\/\Nox /\/\HOH 


_ aaa Ser anerres, 
SANA! ANON iN \A\ Be 
2 2 


(8) a-. ar-. (2) B-. ac-. 


But with the configurations above, the obvious product from 
a-naphthol is the ar-derivative, since a double bond between the 
a-position and the adjoining nucleus would be expected to be 
most resistant to reduction, which can only occur with accom- 
panying rearrangement in the adjoining nucleus, or with the 
appearance of a double bond between the common carbon atoms. 

The $-naphthol formula, on the other hand, clearly favours the 
formation of the ac-derivative, but as in this case the unsubstituted 
nucleus can oscillate between the unsymmetrical and the sym- 
metrical configuration, the ar-derivative also can be produced. 

That the initial reduction product from «-naphthol with sodium 
and ethyl alcohol is the p-dihydro-«-naphthol (Rowe and Levin, 
J., 1921, 119, 2021), whereas on either the above or the sym- 
metrical formula an o-dihydro-derivative would be expected, is 
presumably accounted for by a bridge operating across the p-posi- 
tions (compare Ingold, J., 1922, 121, 1133). 

On hydrogenation under pressure, however, with a nickel catalyst, 
the ac-tetrahydro-derivative preponderates with «- as well as 
8-naphthol (Brochet and Cornubert, Bull. Soc. chim., 1922, 31, 
1280), so that these conditions of reduction must over-ride any 
tendency for the «-naphthol ring to be stabilised as postulated above. 

Reverting to formula (I), it will be observed that the 1—4 posi- 
tions involve the same transposition to the para-quinonoid form 
whether the symmetrical or the unsymmetrical formula be employed, 
which is relatively simple, but less so than as formulated in (II) 
and (IIT). 

The 8—5 positions in the unsymmetrical form entail, not a 
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complete rearrangement as in the 8—7 position already discussed, 
but a more extensive one than the 1—4 positions require. The 
assumption of the 8—7 positions for the ortho-coupled «-naphthol 
would presumably determine the 8—5 positions for the para- 
coupling, and the observation recorded above, that benzeneazo. 
«-naphthol and «-naphthaleneazo-«-naphthol do form azo-sulphites 
but with definitely less readiness than the corresponding 8-naphthol 
compounds, is at any rate in line with the 8—5 unsymmetrical 
structure. 

With regard to the actual composition of the bisulphite com. 
pounds, the fission of the azo-linkage which usually occurs under 
prolonged treatment of azo-dyes of the «-naphthol type with 
bisulphite is of significance. Voroshcov, in his first paper, 
regarded the azo-sulphites as formed by loss of water from the 
intermediate additive product giving an azonaphthol sulphite 
similar to the naphthyl sulphites described by Bucherer (J. pr. 
Chem., 1904, 69,49). He showed, however, in his second paper that 
Bucherer’s products retain this molecule of water and he inclines 
to the same hydrated form for the azo-bisulphite compounds, which 
thus retain the hydrazone linking instead of reverting to the azo- 
linking, which would necessitate loss of the water molecule. 

The analyses recorded in the experimental part are all lower 
than are required by the dehydrated form, but show generally a 
slightly higher content of SO, than is required for the hydrazone 
form. The difficulty both of purifying and of accurately analysing 
these compounds makes such evidence untrustworthy as to whether 
the water molecule is split off or not. 

The marked difference in colour, however, between the dye and 
its bisulphite compound suggests a modified nitrogen linking, and 
this view is supported by the fact that the nitrogen link in the 
bisulphite product is stable to further action of bisulphite, whereas 
the azo-link is reduced. 

Consequently, the bisulphite compounds are to be regarded as 
retaining the additive structure, without reversion to the azo- 


linking by loss of water. 


EXPERIMENTAL. 


The azo-sulphites are in general readily obtained by stirring the 
powdered dye into excess of fairly concentrated sodium bisulphite 
solution, and warming the liquid at about 60° for an hour or s0. 
The bisulphite solution is conveniently made by adding 10% 
sodium hydroxide solution to commercial bisulphite solution 
(20% SO,) until the latter reacts only faintly acid to litmus paper, 
an approximately equal volume being required. The ease of 
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isolating the azo-sulphite varies with the azo-compound employed. 
With the more difficultly soluble dyes it is preferable to use more 
dilute bisulphite solution, and addition of a little pyridine greatly 
facilitates the reaction. The hot liquid is filtered, and the filtrate 
cooled and saturated with sodium chloride. This in many cases 
causes the azo-sulphite to separate; it can then be purified by 
crystallisation first from 5° sodium chloride solution and finally 
from a small quantity of water. 

Those azo-sulphites which are not capable of being salted out are 
most conveniently isolated by shaking the reaction mixture with 
pyridine (4 vol.) and adding sufficient sodium sulphate to cause 
ready separation of the pyridine layer. This contains the azo- 
sulphite, and is separated and well dried with anhydrous sodium 
sulphate. The filtered liquid is well stirred with ether (2—3 vols.), 
and the ether poured off, and this treatment is repeated. A third 
washing usually suffices for the ether to remain uncoloured, after 
which dry alcohol is stirred into the oily residue, which is more or 
less readily converted into a crystalline powder by rubbing. This 
is washed with dry alcohol and dried in a vacuum desiccator. 

The compounds were analysed as previously described (J., 1927, 
2644). 

Sodium benzeneazo-6-sulpho--naphthyl sulphite (bisulphite com- 
pound of Croceine Orange, Bayer) separates readily from the cooled 
reaction mixture in flocculent form. After recrystallisation from 
warm water it dries to rather hard lumps which give a canary- 
yellow powder on rubbing (Found: S as _ sulphite, 7-2. 
C,gH,9O,N,S,Na.,H,O requires S, 7-05. C,gH,0,N.S,Na, requires 
8, 7-3%). 

Sodium «-naphthaleneazo-6-sulpho-8-naphthyl sulphite (bisulphite 
compound of Fast Red B, Bayer). The dye is very slightly soluble 
in the bisulphite solution. The reaction is facilitated by addition 
of an equal volume of water and 5% of pyridine. The azo-sulphite 
is slowly salted out and gives a bronze-brown crystalline product on 
drying (Found: S as sulphite, 6-3. C,9H,.0,N,S,Na,,H,O requires 
8, 6-35. CygH,.20,N,S,Na, requires S, 6-6%). 

Sodium 4-sulpho-«-naphthaleneazo-6-sulpho-B-naphthyl sulphite 
(bisulphite compound of Fast Red EA.S, British Dyestuffs Corpn.) 
separates readily on addition of sodium chloride and is purified 
by recrystallisation from dilute sodium chloride solution. The 
product on drying gives a bright orange crystalline powder 
(Found : § as sulphite, 5-2. C,9H,,0,N,S,Na,,H,O requires 8, 5-3. 
CoH, ,O,N,S,Na, requires 8, 5-4°%). 

Sodium benzeneazo-3 : 6-disulpho--naphthyl sulphite (bisulphite 
compound of Acid Orange R, British Dyestuffs Corpn.) is readily 
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salted out from the cooled bisulphite solution. Recrystallised from 
warm water, it yields a dull yellow crystalline powder (Found: 
S as sulphite, 5-8. C,,H,O,N,S,Na,,H,O requires 8S, 5-75, 
C,.H,O,N.S,Na, requires S, 5-95%). 

Sodium m-ayleneazo-3 : 6-disulpho-8-naphthyl sulphite (bisulphite 
compound of Ponceau 2RE, Geigy), in contrast with the other 
products described, forms only with difficulty, as already stated. 
Heating with dilute bisulphite solution and a little pyridine to 60° 
gradually brings the dye into solution, the latter eventually turning 
deep orange. The product, isolated by the pyridine methcJ, is 
obtained as a buff yellow crystalline powder (Found : § as sulphite, 
5-5. Cj gH,,;0,N.S,Naz,H,O0 requires S, 5-5. C,gH,,0,N,S8,Na, 
requires 8, 5-65°%). 

Sodium o-carboxybenzeneazo-3 : 6-disulpho-8-naphthyl sulphite (bi- 
sulphite compound of Solochrome Red B, British Dyestuffs Corpn.) 
is obtained more readily in presence of pyridine. Isolation by 
means of the pyridine method gives a dull orange crystalline powder 
(Found: S as sulphite, 5-0. C,,H,O,,N,S,Na,,H,O requires §, 
5-1. C,,H,O,,N,S,Na, requires 8, 5-3%). 

Sodium «-naphthaleneazo-3 : 6-disulpho-8-naphthyl sulphite (bi- 
sulphite compound of Bordeaux B, Sandoz) also is obtained more 
readily in presence of pyridine. It is not salted out and is obtained 
from the pyridine extract as a brick-red crystalline powder (Found : 
S as sulphite, 5-3. OC, 9H,,0O,N.S,Na,,H,O requires 8, 5:3. 
CoH ,O,NS,Nag requires 8, 5-4%). 

Sodium 4-sulpho-«-naphthaleneazo-3 :6-disulpho-8-naphthyl sulphite 
(bisulphite compound of Azo Rubine 8, Sandoz) is isolated from the 
pyridine extract as an orange-brown crystalline powder (Found: 
S as sulphite, 4-6. C, 9H,)0,,N.8,Na,,H,O requires 8, 4:5. 
CaoH 190 12N,S,Na, requires 8, 4-6%). 

Sodium 4-sulpho-«-naphthaleneazo-6 : 8-disulpho-8-naphthyl sulph- 
ite (bisulphite compound of Scarlet 5/O, British Dyestuffs Corpn.) 
is isolated from pyridine as a dull yellow crystalline powder (Found: 
S as sulphite, 4-6. C,9H,90,.N,8,Na,,H,O requires 8S, 4:5. 
CypH 190 j2N.8,Na, requires 8, 4-6%). 

Sodium 4-sulpho-«-naphthaleneazo-3 : 6 : 8-trisulpho-8-naphthyl 
sulphite (bisulphite compound of Ponceau 6R, Bayer) is isolated 
from pyridine as a deep orange crystalline powder, deliquescing 
rapidly in air (Found: S as sulphite, 4-0. C,)H,O,;N,S,Na,;,H,0 
requires 8, 3-95. C,9H,O,,N,S;Na, requires S, 4-0%). 

Sodium «-naphthaleneazo-5-sulpho-«-naphthyl sulphite (bisulphite 
compound of Double Ponceau 2R, Bayer) is readily salted out from 
the reaction mixture and is obtained on recrystallisation from 
water as an orange crystalline powder (Found: S as sulphite, 6-4. 
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LXXXVIII.—The Methylurethanes of the Isomeric 
a- Hydroxyphenylethyldimethylamines and _ their 
Miotic Activity. 


By Epear STepMAN and ELLEN STEDMAN. 


Iv investigations carried out by one of the authors during the past 
three years a new relationship between chemical constitution and 
physiological action has been discovered. It has been shown 
(Biochem. J., 1926, 20,719; 1929, in the press) that certain urethanes: 
possess in common, and to a more or less pronounced degree, the 
property of producing miosis when instilled into the eye. The 


effect of variations in the structure of the constituent portions of 
the molecule has not yet been completely determined, but it has 
been shown to be highly probable that miotic activity is only 
associated with urethanes which are phenyl, as distinguished from 
alkyl, esters of carbamic acids; that, of the substituted carbamic 
acids examined, the esters of methylcarbamic acid are, other con- 
ditions being the same, the most active miotics; and that the 
presence of a basic group in the molecule is essential for the activity 
of the urethanes. 

The substances hitherto examined include two series of isomeric 
methylurethanes, namely, the dimethylaminophenyl esters of 
methylearbamic acid, NHMe-’CO-O-C,H,-NMe,, and the methyl- 
urethanes of the hydroxybenzyldimethylamines, 

NHMe:CO-0:C,H,°CH,-NMe,. 
None of the compounds of these series contains an asymmetric 
carbon atom, and, in view of the known difference in activity of 
the enantiomorphs of certain physiologically active substances, 
experiments have been carried out with the object of introducing 
such asymmetry into the latter of the above series of isomerides. 
For this purpose, the methylurethanes of the isomeric «-hydroxy- 
phenylethyldimethylamines have been prepared, this particular series 
being chosen because the introduction of an asymmetric carbon 
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atom is effected with the minimal structural alterations necessary 
for this purpose. Unfortunately, despite numerous attempts, the 
authors have not yet succeeded in obtaining these urethanes in 
optically active forms. Work in this direction is still proceeding. 
In the meantime, the results obtained with the racemic bases are 
here recorded. 

The preparation of the three isomeric yrethanes was carried out 
in the following manner. The methoxybenzaldehydes were con- 
verted into the methoxyphenylmethylearbinols by Grignard’s 
reaction. By treatment with hydrobromic acid the carbinols yielded 
the corresponding bromides, which reacted with dimethylamine 
to give the a-methoxyphenylethyldimethylamines. These were 
demethylated with hydrobromic acid, and the phenols thus obtained 
converted into the methylurethanes, NHMe-CO-O0-C,H,*CHMe-NMe,, 
by interaction with methylcarbimide under appropriate conditions. 
The details of these reactions are described below and only the last 
stage need be commented upon here. Whereas «-m-hydroxyphenyl- 
ethyldimethylamine reacts smoothly with an excess or the calculated 
quantity of methylcarbimide, with or without the use of an inert 
solvent, to yield the methylurethane, such is not the case with the 
o- and p-isomerides. If solutions ot these substances in benzene 
are treated with an excess of methylcarbimide there results as 
product an oil from which no crystalline derivative can be prepared 
and which is clearly not homogeneous. By restricting the amount 
of methylcarbimide to one molecular proportion and carrying out 
the reaction in ethereal solution in the presence of a trace of the 
sodium salt of the phenol, formed by addition of a fragment of 
metallic sodium to the ethereal solution of the phenol, it has been 
possible to isolate the o-isomeride in a pure state. Identical con- 
ditions cannot, unfortunately, be employed for the preparation oi 
the p-isomeride owing to the insolubility of the phenol in ether. 
If, in this case, benzene is employed as solvent in place of ether, the 
conditions being otherwise the same as those used for the o-isomeride, 
an oil is obtained which, although it is clearly not completely 
homogeneous, nevertheless yields a considerable proportion of the 
hydrochloride of the required urethane. Attempts to recover this 
urethane in a pure state from its hydrochloride, employing extremely 
mild conditions for the purpose, have failed. This failure may be 
connected with the instability of the urethanes. Instances are cited 
in the experimental section of decompositions which have occurred 
on the application of heat during the course of the preparation of 
the urethanes, and it has, in fact, been found advisable to carry out 
all stages of the preparation as far as possible at room temperature. 
Nevertheless, once the urethanes or their salts have been obtained 
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in a solid state, they appear, as far as observation extends, to be 
quite stable in this condition at normal room temperature. 

It was anticipated that the relative strengths as miotics of the 
hydrochlorides and methiodides of the methylurethanes of the 
jsomeric a-hydroxyphenylethyldimethylamines would correspond 
to those of the similar salts of the methylurethanes of the isomeric 
hydroxybenzyldimethylamines. This, however, has not proved 
to be the case. In the latter series (benzyl series) the activities of 
the hydrochlorides were in the order o>p>m; in the former 
(z-phenylethyl series) the order has been found to be m>o, p; 
and, just as in the benzyl series the o-compound was much more 
active than either the p- or the m-isomeride, so in the «-phenylethyl 
series the m-compound has proved to be much more active than 
the o- and p-, the latter two isomerides being, in fact, only feebly 
active. In both series conversion of the tertiary bases into quatern- 
ary ammonium salts increased the miotic activity of the o- and 
diminished that of the m- and p-isomerides, the methiodides of the 
p-compounds being, indeed, inactive in the dilutions employed. 

From the many examples which have now been brought forward, 
it is clear that the physiological properties of urethanes of the 
type discussed are due to the phenylcarbamate structure common to 
them all. The basic group, the presence of which is necessary 
on other grounds, is also probably essential to the activity of the 
compounds. In any case, variation in the nature of this group, 
such as the conversion of the tertiary base into a quaternary ammon- 
ium salt, or even a change in its position relative to the urethane 
grouping, is seen to exert a profound influence on the activity of the 
compounds. It is not proposed, however, to discuss the problem of 
the origin of these influences until further work on the pharmaco- 
logical action of these compounds, which has now been commenced, 
is completed. 

EXPERIMENTAL. 

m-Methoxyphenylmethylcarbinol—A solution of 60 g. of m- 
methoxybenzaldehyde in an equal volume of dry ether was added 
slowly to a solution of magnesium methyl iodide, prepared from 
12 g. of magnesium and 68 g. of methyl iodide, in 500 c.c. of dry 
ether. The solution was then boiled under reflux for 30 minutes. 
On cooling, white crystals of the addition compound separated. 
The product was decomposed with hydrochloric acid and ice, and 
the ethereal solution separated and dried over calcium chloride. 
Evaporation of the ether yielded a straw-coloured liquid which 
was distilled under diminished pressure, m-methoxyphenylmethy]l- 
carbinol being obtained in practically theoretical yield as a colourless 
viscous liquid, b. p. 133°/14-5 mm. 
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a-m-M ethoxyphenylethyldimethylamine.—A solution of the carbinol 
from the above experiment in 300 c.c. of benzene was saturated with 
dry hydrogen bromide. After the water formed in the reaction 
had been separated from the brown solution, the benzene and 
hydrogen bromide were removed by distillation under diminished 
pressure at a bath temperature not exceeding 35°. The crude 
a-m-methoxyphenylethyl bromide was dissolved in an equal volume 
of benzene, and the solution added slowly with gentle shaking to a 
solution of 50 g. of anhydrous dimethylamine in 250 c.c. of benzene 
cooled in a freezing mixture. After standing over-night, the 
solution was filtered from the dimethylamine hydrobromide which 
had separated, and extracted with hydrochloric acid. The acid 
extract was shaken with a small volume of ether to remove traces 
of benzene, and the base precipitated with sodium hydroxide and 
extracted with ether. After drying over sodium sulphate, the ether 
was removed and the residue distilled under diminished pressure. 

a-m-Methoxyphenylethyldimethylamine is a colourless liquid, 
b. p. 118—119°/17 mm. (yield, 50 g.). 

The hydrochloride is very soluble in alcohol, but is precipitated 
from the solution, by the slow addition of ether, in colourless prisms, 
m. p. 105° after softening at 101°. 

The methiodide crystallises in flat, pale cream prisms, m. p. 142°, 
from alcohol, in which it is very soluble, on the addition of ether 
(Found : I, 39-4. C,,H,,ONI requires I, 39-6%). 

a-m-Hydroxyphenylethyldimethylamine.—A solution of the corre- 
sponding methoxy-compound (50 g.) in 200 c.c. of constant-boiling 
hydrobromic acid was boiled under reflux for 5 hours. After 
removal of the hydrobromic acid by distillation under diminished 
pressure, the residual syrup was dissolved in water, the solution 
made alkaline with sodium carbonate, and the precipitated oil 
extracted with ether. From the dried extract, an oil was obtained 
which rapidly crystallised (yield, 45 g.). When recrystallised by 
the slow addition of light petroleum -to its solution in benzene, 
a-m-hydroxyphenylethyldimethylamine forms prisms, m. p. 87—88’. 
In the preparation of this phenol it is essential, if considerable losses 
are to be avoided, to boil the methoxy-compound with hydrobromic 
acid for a sufficient length of time to hydrolyse the methoxy-group 
completely, since a separation of the methoxy-compound from the 
phenol cannot be effected quantitatively by the customary methods. 
For instance, in an early experiment, an aqueous solution of the 
hydrobromide, prepared as described above, was made strongly 
alkaline with sodium hydroxide and then extracted with ether with 
a view to removing any unchanged methoxy-compound which 
might be present. On evaporation of the ether, however, the 
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residual oil crystallised and proved to be the required phenol, 
identical with a larger fraction obtained by extracting the mother- 
liquor, made alkaline with sodium carbonate. The acidic properties 
of this phenol are apparently so weak that its sodium salt is 
hydrolysed even in strongly alkaline solutions. 

The hydrochloride crystallises from alcohol in colourless prisms, 
m. p. 197—198° (Found: Cl, 17-5. C,gH,;ON,HCl requires Cl, 
176%). The methiodide separates as micro-crystals, m. p. 160° 
after softening at 145°, from alcohol-ether. 

a-0-M ethoxyphenylethyldimethylamine.—o - Methoxyphenylmethy]l- 
carbinol was prepared from o-methoxybenzaldehyde (Baeyer and 
Villiger, Ber., 1902, 35, 3013) and magnesium methyl iodide. It 
was obtained as a thick oil, b. p. 128°/17 mm. (compare Pschorr and 
Einbeck, Ber., 1905, 38, 2077). This was treated successively with 
hydrobromic acid and dimethylamine under the same conditions 
as the m-isomeride. «-o-Methoxyphenylethyldimethylamine was 
thus obtained as a liquid, with a faint greenish-yellow colour, which, 
in two different experiments, had b. p. 105—107°/12 mm. and 108-5°/ 
13-5 mm. 

The hydrochloride was obtained as an oil which could not be 
crystallised. The methiodide separated from alcohol-ether in cream- 
coloured prisms, m. p. 136—137° (Found: I, 39-7. C,H, ONI 
requires I, 39-6%). 

«-0-Hydroxyphenylethyldimethylamine. — Hydrolysis of the 
methoxy-compound was effected as in the case of the m-isomeride. 
Conversion into the phenol was never, however, complete. It was 
therefore necessary to extract the product successively from 
solutions made alkaline with sodium hydroxide and with sodium 
carbonate. The extract from the former solution was a mixture 
of unchanged methoxy-compound and phenol, and that from the 
latter was practically pure phenol. On prolonged boiling with 
hydrobromic acid, considerable decomposition occurred in which 
dimethylamine was removed from the phenolic base. «-o-Hydroxy- 
phenylethyldimethylamine is a colourless oil, b. p. 112—114°/14 mm, 

The hydrochloride, m. p. 136—137°, crystallises on the slow 
addition of ether to its solution in alcohol (Found: Cl, 17-5. 
C,9H,;ON,HCIl requires Cl, 17-6%). An aqueous solution of this salt 
of the phenol gives an intense violet coloration with ferric chloride. 

The reaction with methyl iodide yielded a sticky product from 
which, by crystallisation from alcohol, tetramethylammonium 
iodide was isolated. The methiodide is evidently unstable and 
decomposes with the elimination of the basic group. 

p-Methoxyphenylmethylcarbinol_—This was prepared from anis- 
aldehyde by the method employed for the o- and m-isomerides. 
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In the decomposition of the addition compound with magnesium 
methyl iodide care must be taken to prevent the solution from 
becoming acid, otherwise dehydration occurs with the formation of 
the corresponding styrene or its polymerisation products. For 
instance, in one experiment in which the carbinol was extracted 
from acid solution, an attempt was made to distil the product under 
diminished pressure. The boiling point rose slowly and con. 
tinuously and the distillate became extremely viscid on standing. 
In a second similar experiment dehydration and polymerisation 
occurred even without distillation. In view of these results no 
further attempt has been made to distil this carbinol, but the crude 
product obtained by extracting the alkaline solution with ether 
has been employed for the following experiments without further 
purification. 

a«-p-Methoxyphenylethyldimethylamine, a colourless liquid, b. p. 
118°/14 mm., was prepared from the carbinol by the procedure 
adopted in the case of its isomerides (yield, 55-5 g. from 60 g. of 
anisaldehyde). 

The hydrochloride crystallises from alcohol-ether in small prisms, 
m. p. 213° (Found: Cl, 16-2. C,,H,,ON,HCI requires Cl, 16-5%). 
The methiodide is readily soluble in alcohol, but separates from 
alcohol-ether in plates, m. p. 128—130°. 

Di-[«-p-methoxyphenylethyl|dimethylammonium Bromide.—When 
57 g. of anhydrous dimethylamine were added to a benzene solution 
of crude «-p-methoxyphenylethyl bromide, prepared from 60 g. 
of anisaldehyde, a vigorous reaction took place and a considerable 
amount of solid slowly separated. This was filtered off, treated 
with water to remove the dimethylamine hydrochloride, and 
crystallised from alcohol, di-[«-p-methoxyphenylethyl|dimethyl- 
ammonium bromide being obtained in thick plates, m. p. 109° 
(Found: loss on drying, 4:7. C. H,,0,NBr,H,O requires H,0, 
44%. Found in material dried in a vacuum: Br, 21:1. 
Cy»H,,O,NBr requires Br, 20-3%). A further quantity separated 
as an oil ,;which slowly solidified, when the aqueous mother-liquor was 
made strongly alkaline with sodium hydroxide. The benzene 
mother-liquor was worked up for «-p-methoxyphenylethyldimethy!- 
amine in the usual manner (yield, only 25 g.). The above quaternary 
bromide was not formed when the «-methoxyphenylethyl bromide 
was slowly added to a cooled solution of the dimethylamine in 
benzene in the manner described in the preceding experiments. 

a-p-Hydroxyphenylethyldimethylamine—The product of the 
hydrolysis of the methoxy-compound with hydrobromic acid was 
obtained as a thick purple oil, from which the hydrobromide of the 
phenolic base partly crystallised on cooling. The phenol liberated 
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from this in the manner described for its isomerides was con- 
taminated with a brown impurity which could not be completely 
removed by repeated crystallisations. The semi-crystalline mass 






) em was therefore ground with cold acetone, in which the hydrobromide 
ee der is practically insoluble, and the residue washed thoroughly with 





acetone; an almost colourless, crystalline powder (64 g. from 55-5 g. 
of methoxy-base) was thus obtained. After recrystallisation from 
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— alcohol this was decomposed with sodium carbonate, and the 
“ “ol phenolic base extracted with ether. «-p-Hydroxyphenylethyl- 
fd rs dimethylamine crystallises from benzene-light petroleum and has 





m. p. about 115° (not sharp). 

The hydrobromide crystallises from alcohol, in which it is spar- 
ingly soluble, in long prisms, m. p. 178°. It is readily soluble in 
water and sparingly soluble in hot acetone. The hydrochloride 
crystallises from alcohol in rosettes of needles, m. p. 183° (Found: 
Cl, 17-7; N, 7-0. C,jH,,ON,HCl requires Cl, 17-6; N, 6-9%). 
In aqueous solution it gives an intense violet coloration with ferric 
chloride. The methiodide could not be prepared. It apparently 
decomposes in a manner similar to its o-isomeride. 

Methylurethane of | «-m-Hydroxyphenylethyldimethylamine.—A 
solution of 4 g. of the phenol in 10 c.c. of benzene was treated with 
2:1 ¢.c. (about 2 mols.) of methylearbimide. On the following day 
the solvents were evaporated under diminished pressure, the residue 
was dissolved in ether, and the supersaturated solution of the 
urethane thus obtained rapidly filtered from a small quantity of 
brown material. The urethane partly crystallised from the filtrate 
and a further quantity was obtained on concentration of the ethereal 
solution (total yield, 3-6 g.). The methylurethane of «-m-hydroxy- 
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+ phenylethyldimethylamine is moderately easily soluble in benzene, 
0 although it can be crystallised from this solvent, and insoluble in 
LL light petroleum. It is best crystallised from ether, from which it 
A we separates as tablets with triangular ends, m. p. 86° (Found : N, 13-0. 
was | C1241g02N, requires N, 12-6%). 
ae The hydrochloride was prepared from the base and hydrogen 
ryl- chloride in cold alcohol, and separated on the addition of dry ether. 
ary It is very soluble in alcohol, insoluble in acetone, and separates from 
ide aleohol-ether in rosettes of prisms which melt incompletely and 
“in § With effervescence at 169°. In the preparation of this hydrochloride 
it appears essential to use cold reagents. On one occasion the 
the solid base was warmed with alcoholic hydrogen chloride on the 





water-bath to hasten solution : addition of ether precipitated an oil 
which would not crystallise. It is probable that warming caused 
partial hydrolysis of the urethane group with the consequent 
formation of a mixture of products. 
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When methyl iodide is added to a solution of the base in acetone, 
the methiodide separates slowly as an oil which slowly crystallises— 
a process which is accelerated by seeding. When ether is added to 
an alcoholic solution of the methiodide, this again separates as an 
oil which only crystallises after some hours. It then has m. p. 
about 130° (effervescence and after previous sintering) and is 
quite pure (Found : I, 34-8. C,,H,,O,N,I requires I, 34-9%). 

Methylurethane of «-0o-Hydroxyphenylethyldimethylamine.— After 
a number of experiments carried out in benzene solution, from which 
no homogeneous product could be isolated, this urethane was finally 
obtained under the following conditions. A trace: of metallic 
sodium was added to a solution of 1 g. of the phenol in 5 c.c. of 
ether. The sodium dissolved with the evolution of hydrogen. 
Methylearbimide (0-48 c.c.; 1 mol.) was then added, and the 
mixture allowed to stand. After 2 days, large crystals of the 
urethane separated. The supernatant liquid was decanted and the 
crystals were washed with a small volume of ether, dissolved in 
warm benzene, and filtered from a small quantity of flocculent 
material; the urethane then separated in prisms, m. p. 90°. Addi- 
tion of light petroleum to the benzene solution caused the separation 
of a further quantity of the urethane. The ethereal mother-liquor 
from the above preparation was evaporated under diminished 
pressure at room temperature; the oily residue slowly crystallised. 
The crystals were dissolved in a small volume of ether, but on 
evaporation of the latter on a water-bath the residue failed to 
crystallise, apparently owing to partial decomposition of the 
urethane during the evaporation. 

The hydrochloride separates in crystalline form from alcohol- 
ether, but is so extremely hygroscopic that it is transformed into a 
pasty mass during the short time necessary for filtration. The 
methiodide separates from a solution of the base and methyl iodide 
in acetone on the addition of ether. When recrystallised from 
- acetone, it forms prisms, m. p. 148° (efferv.) (Found: I, 34:3. 
C,3H,,0,N,I requires I, 34-9%). 

Methylurethane of «-p-Hydroxyphenylethyldimethylamine.—At- 
tempts to prepare this urethane in the free state have not been 
successful. Of six experiments carried out under various con- 
ditions, the following gave the best result. A trace of sodium 
was added to a solution of 2 g. of the phenol in 15 c.c. of benzene. 
When this had dissolved, 1 c.c. of methylearbimide was added, the 
solution being kept cool in ice. After 2 days, a small quantity of 
amorphous material was removed by filtration and the solvents 
were evaporated under diminished pressure at low temperature. 
The oily residue, which showed no signs of crystallising even after 
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some days, was dissolved in ether and treated with alcoholic hydrogen 
chloride ; the hydrochloride of the required urethane then separated 
as a sticky mass which became solid on the addition of further 
alcohol and rubbing (yield, 1-4 g.). It was recrystallised from 
alcohol and had m. p. 203° after previously sintering (Found : 
N, 10-9. C,,H,,0,N,,HCl requires N, 10-8%). In an attempt to 
recover the urethane a suspension of the hydrochloride (0-5 g.) in 
ether was treated with 40 c.c. of N/10-sodium carbonate, and the 
base extracted with ether. Evaporation of the dried ethereal 
extract at low temperature left a thick oil which would not crystal- 
lise. Its solution in acetone was therefore treated with methy? 
iodide; the methiodide separated as an oil which subsequently 
crystallised. Recrystallised from alcohol, it formed plates, m. p. 
173° (efferv.) (Found : I, 35-2. C,,H,,0O,N,I requires I, 34-9%). 
Miotic Action of Urethanes——The three urethanes have been 
tested for miotic activity in the form both of their hydrochlorides 
and methiodides by instillation into cats’ eyes. For this purpose 
15% solutions of the substances in physiological saline have, in 
general, been employed. In the case of the hydrochloride of the 
methylurethane of «-o-hydroxyphenylethyldimethylamine, which 
is extremely hygroscopic, the free urethane was dissolved in the 
calculated quantity of 0-153N-hydrochloric acid and then diluted to 
15% with physiological saline. With the exception of the 
methiodide of the methylurethane of «-p-hydroxyphenylethyl- 
dimethylamine, which had no action at this dilution, a contraction 
of the pupil resulted in each case, the extent of the miosis differing 
with the various substances employed. The estimated order of 
activity is: m-HCl>o-MeI>p-HCl, o-HCl, m-MeI>p-Mel. This: 
order can, of course, only be regarded as a provisional one until the 
activities on other organs have been compared. Nevertheless it 
should be pointed out that the observed activities of p-HCl, o-HCl, 
and m-Mel were, in the dilutions employed, quite small, those of 
the m-HCl and o-Mel being very much greater. In the case of the 
m-HCl the action was extremely intense and persisted for a period 
exceeding 18 hours. It is probable that the miotic activity of this. 
substance approaches, if not equals, that of physostigmine. 


The expenses of this investigation, which has been carried out 
during the tenure by one of us of a Carnegie Teaching Fellowship, 
have been partly met by grants from the Moray Research Fund of: 
this University. 


DEPARTMENT OF MEDICAL CHEMISTRY, 
UNIVERSITY OF EDINBURGH. [Received, December 13th, 1928.]}, 
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LXXXIX.—Colloidal Platinum. Part V. The Coagui- 
ation by Electrolytes in Acid Solution. 


By Stuart W. PENNYCUICE. 


THE coagulation of colloidal platinum in acid solution differs in 
some essential characteristics from that in basic solution. The 
latter is dealt with in the next communication. 

The natural acidity of platinum sols and their coagulation by 
various acids have already been discussed (J., 1928, 551). The 
experiments with hydrochloric and nitric acids as coagulants were 
repeated, the coagulated (frozen) solution being used as comparison 
solution. The more exact results led to the same conclusion, 
namely, that during coagulation none of the added acid is removed 
by the coagulum. The interpretation of the acid coagulation as 
being due to a depression of ionisation of a strong acid, probably 
H,Pt(OH), (see J., 1928, 2018), which occurs in considerable 
amount on the surface, is in keeping with the theory of colloid 
structure and surface ionisation, as developed by Pauli (see, ¢.g., 
Kolloid Z., 1926, 38, 22; “‘ Eiweisskérper und Kolloide,” J. Springer, 
Wien, 1926; Pauli and Valké, Z. physikal. Chem., 1926, 121, 161). 

Ionic Exchange at the Colloid Surface—It has been shown by 
Pauli and co-workers (loc. cit.) that, for such colloids as ferric 
hydroxide, aluminium hydroxide, and arsenious sulphide, only a 
fraction of the stabilising surface ionogen is actually ionised, or, in 
terms of the modern electrolyte theory as applied to colloids 
(Bjerrum, Z. physikal. Chem., 1924, 110, 756; Pauli and Valké, 
loc. cit.), that the activity of the colloid ion is less than unity. It 
is also shown (e.g., Pauli and Schmidt, Z. physikal. Chem., 1927, 129, 
199) that on the addition of a foreign electrolyte there is an ionic 
exchange at the colloid surface, and that this precedes, and leads to, 
coagulation. Achar and Usher (J., 1927, 1875) have also shown that 
the addition of a neutral salt to a suspension of stearic acid produces 
free acid, due to a kationic surface exchange. 

Now it is doubtless true that the hexahydroxyplatinic acid at 
the surface of the colloidal platinum particle is also only partly 
ionised, and in keeping with the above, the addition of a salt should 
cause a kationic interchange at the surface, with the liberation of 
acid. It is important to the general behaviour of platinum sols to 
show whether such a change does or does not take place. 


EXPERIMENTAL. 


Owing to the very low concentration of the colloid the choice of 
methods is limited, but the conductivity method appeared to be 
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most capable of accurately detecting any such change. Details 
concerning the conductivity cells used, and also the preparation of 
the pure platinum sols, are set out in previous papers. In the 
presence of salts, conductivity measurements do not give a direct 
indication of the hydrogen-ion concentration. Accordingly 
recourse was had to a comparative method which proved very 
satisfactory. One litre of the platinum sol was prepared, and boiled 
for 30 minutes. The preparation was then divided into halves, and 
one half was frozen, the colloidal platinum being thereby com- 
pletely removed. On reboiling the coagulated (frozen) sol for 2 
minutes, one obtained a conductivity a little greater than that of 
the original platinum sol. This could be diminished as required by 
dilution. Two comparison solutions were thus obtained: one 
contained the colloidal platinum with its usual environment of free 
hexahydroxy-acid, and the other contained exactly the same 
environment but no colloid particles. By using these solutions 
side by side, one can detect the changes due to the colloid particles 
themselves. 

A weighed sample of the platinum sol (about 34 g.) was intro- 
duced into the conductivity ceil and placed in the thermostat at 
25° until its conductivity reached a steady value. The salt solution 
(e.g., silver nitrate) was then added from a 5 c.c. burette till the 
coagulation point was passed, and the conductivity—concentration 
curve was drawn. All the precautions previously outlined were 
observed. The experiment was repeated with the coagulated 
(frozen) solution of the same initial conductivity. 


Taste I, 


Volume of solution initially in cell, 35 c.c. Normality of added 
AgNO,,0-002N. 
Platinum sol. Coagulated (frozen) sol. 


AgNO, AgNO, AgNO, 
cone. conc. cone. 

K. x 10°. K x 10°. K. x 105. K. 
20-19 41-38 77-73 — 20-23 33-12 62-62 
26-55 44-40 81-47 2-71 24-70 37-26 67-72 
33-98 47-64 85-69 7-59 30-90 41-07 72-33 
42-25 51-01 89-86 12-34 36-78 44-52 76-64 
49-37 55-67 95-43 16-29 41-78 47-87 80-83 
57-01 58-09 98-37 20-06 46-54 51-35 84-98 
64-77 60-05 100-58 25-09 52-55 54-53 88-86 
72-74 — — 29°32 57-95 57-37 92-30 





It will be convenient to discuss one set of curves at once, and the 
data for the silver nitrate titrations are accordingly set out in 
Table I, and the corresponding curves in Fig. 1. From these it is 
seen that the addition of silver nitrate to the platinum sol always 
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results in a larger conductivity than the corresponding addition 
to the coagulated (frozen) sol. The explanation of this increased 
conductivity must be in terms of the liberation of an ion of greater 
mobility, and one must therefore conclude that some of the hydrogen 
ions at the surface of the colloid and an equivalent amount of silver 
ions from solution have exchanged places. The maximum diverg. 
ence in the curves is seen to be of the order of 5 gemmhos, and on the 
assumption that this is wholly due to the kationic interchange, the 
concentration of silver ion so removed (or of hydrogen ion set free) 
is written as 5/(349,500—63,400), 7.e., 0-000017N. (The mobilities 
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of the hydrogen ion and the silver ion at 25° are taken as 349-5 and 
63-4 respectively.) 

Salts with Univalent Kations.—With potassium nitrate and sodium 
chloride, the exact divergence in the curves was difficult to obtain. 
This was not unexpected. The coagulation concentrations of such 
salts are of the order 0-004N (compare 0-0003N for silver nitrate), 
and accordingly their curves have to be carried to such high con- 
ductivities that the relatively small differences sought are less 
accurately picked out. With these salts, however, positive evidence 
of the interchange was forthcoming. 

Salts with Bivalent Kations——Barium chloride, calcium nitrate, 
and copper sulphate, all of which have relatively low coagulation 
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concentrations (approx. 0-0002N), show the same sort of divergence 
as that outlined for silver nitrate. The maximum divergence was 
somewhat smaller, and lay between 2-5 and 4-0 gemmhos. 

Salts with Tervalent Kations.—Aluminium sulphate and aluminium 
chloride gave corresponding results, but ferric chloride was 
anomalous (see later). The curves for aluminium sulphate are 
particularly interesting: they showed a maximum divergence 
(coagulation concentration 0-000024N) of 4 gemmhos, and since they 
presented no anomalies, the foregoing general interpretation holds. 
Now Burton (Phil. Mag., 1906, 12, 472) has calculated the charge 
on colloidal silver particles on the assumption that, on coagulation 
with aluminium sulphate, the whole of the salt is adsorbed. The 
calculation is assumed to be applicable to any colloidal metal. The 
reason for the extremely high values obtained is now evident. The 
relative positions of the curves for colloidal platinum show that the 
whole of the aluminium sulphate is not adsorbed, nor, in keeping 
with the general results, is there any evidence that any of the salt 
is adsorbed. 

The Coagulation Process.—Bjerrum (loc. cit.) and Pauli and Valké 
(loc. cit.) have shown that the modern theory of strong electrolytes 
is capable of extension to colloid solutions. Every colloid particle 
isan ion of high valency with a definite activity. The corresponding 
“gegenion ” or colloid contra-ion will also have its own activity. 
Any increase of the latter will result in a decrease in the activity 
of the colloid ion. When this activity tends towards zero, 1.e., 
when the charge on the colloid tends to disappear, the colloid 
becomes unstable and coagulation ensues. As colloidal platinum 
is an acid sol containing the hydrogen ion as the contra-ion, the 
explanation of the coagulation by different acids at a fixed py, follows. 

The foregoing experimental evidence shows that on addition of a 
salt, e.g., silver nitrate, there is always a kationic interchange, and 
that some of the surface hexahydroxy-acid is converted into the 
corresponding silver salt. Any further increase in the silver 
titrate concentration not only produces more of the surface silver 
salt, but decreases the activity of the corresponding colloid ion. At 
a definite silver-ion concentration, the latter activity has been 
sufficiently decreased to allow coagulation to ensue. This 
explanation appears to be perfectly general. 

The well-known increase in coagulating power of different 
salts with increase in the valency of the coagulating ion is explained 
in terms of the increase in the attractive force between the higher- 
valency ion and the colloid ion. All bivalent kations are accordingly 
stronger coagulants than univalent, and all tervalent stronger than 
bivalent. 

z 
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Ions of the same valency have not exactly the same coagulating 
power, and here the effect of the atomic volume of the ion and other 
specific properties come into question. In this connexion one might 
notice that the silver ion, of low atomic volume, has a high 
coagulating power, not only towards platinum, but to all negative 
sols. 

Partial Kationic Interchange.—Ferric chloride exhibits some 
peculiarities which can be directly explained. The curves obtained 
by adding this salt to the platinum sol and to the coagulated (frozen) 
sol do not show a deviation comparable with that for aluminium 
sulphate; in fact, the maximum deviation is only about 1 gemmho. 
Now the author has measured the hydrolysis of these two salts at 
the low concentrations employed, and whilst the aluminium sulphate 
is hydrolysed to the extent of about 35%, ferric chloride shows over 
90% hydrolysis. Coagulations with the latter solution are then 
largely acid coagulations, where the ferric ion (owing to its extremely 
low concentration) plays perhaps a secondary part. The coagulation 
concentrations concerned support this view. The less hydrolysed 
aluminium sulphate coagulates at 0-000024/, whereas for the highly 
hydrolysed ferric chloride the corresponding concentration is 
0-0001N. The latter value is much closer to the coagulating value 
for either hydrochloric or sulphuric acid, viz., 0-0002N. 

It is now clear why the ferric chloride addition curves show 
such a small deviation. (The pure acid sols show no deviation 
whatsoever.) These results further directly indicate that the 
ferric hydroxide of hydrolysis takes no appreciable part in the 
coagulation. 

All the solutions concerned in the foregoing work are acid solutions 
of low concentration, the acid being the free hexahydroxy-acid. 
Now the kationic interchange will be subject to (but not necessarily 
solely controlled by) the law of mass action, and the question then 
arises whether all such salt coagulations are not mixed coagul- 
ations of acid and salt, ferric chloride’ being a rather extreme case. 
In all probability this is so, and the coagulum contains some of the 
original surface acid as well as the newly formed surface salt. 
Herein lies the explanation of the decrease in the coagulation con- 
centration of any salt as the sol is made more acid. A quantitative 
study over the possible acid range is incemplete, but the following 
figures illustrate the effect of increasing the acid content : 

For 0-00005N- For same with addition 
H,Pt(OH), (free). of 0-000102N-HNO . 


Coag. conc. of NaCl 0-004N 0-0018N 
» AgNO, ... 0-0003N 0-00015N 
29 | Css 0-0002N 0-00012N 
» FeCl, ... 0-0001N 0-00007N 
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It is evident that coagulation concentrations have no definite 
significance unless the py of the solution is stated. 

In neutral solutions the coagulation concentrations are slightly 
greater than those in the pure (naturally acid) platinum sol. For 
these measurements sodium or potassium hydroxide must be used as 
neutralising agent, for the salts of these bases with the free platinic 
acid are poor coagulants, and therefore introduce a minimum of 
complications. One must be careful not to pass the neutralisation 
point in such solutions, for the free hydroxides have far-reaching 
influences (see following paper). 


Summary. 


Experimental evidence is produced which shows that, on the 
addition of salts to colloidal platinum sols, the kation of the salt 
replaces the hydrogen ion of the surface hexahydroxy-acid. This 
kationic interchange precedes, and in fact directly leads to, 
coagulation. The coagulation process is discussed. 

In acid solutions the kationic interchange is only partial and the 
coagulum contains some of the surface acid. This is shown to 
explain the increase in the coagulation power of a salt as the py of 
the sol is decreased. 

It is also shown that with ferric chloride and aluminium sulphate, 
at the usual low concentrations, the hydroxides set free by hydrolysis 
play no important part in the coagulation. 

UNIVERSITY OF ADELAIDE, AUSTRALIA. 


UNIVERSITY OF CALIFORNIA, 
BERKELEY. [Received, November 6th, 1928.] 





XC.—Colloidal Platinum. Part VI. The Behaviour 
of Platinum Sols in Basic Solution. 


By Sruart W. PENNYCUICK. 


(1) The Action of Bases at the Colloid Surface. 


BeFoRE the coagulation in basic solutions can be discussed, it is 
necessary to establish the part played by bases alone. 

Any well-prepared sample of colloidal platinum is continually 
undergoing constitutional changes. This is shown by the steady 
increase in conductivity of the sol, as measured over several days 
(see J., 1928, 551). These changes demand that, where strict com- 
parisons are to be made, either the same solution or strictly com- 
parable solutions must be used. This condition is observed through- 
out the following work. 
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The Neutralisation of the Surface Hexahydroxy-acid.—lIf the 
platinum sol is titrated with barium and with sodium hydroxide, 
curves D and B respectively are obtained (see Fig. 14; also J., 
1928, 2111), although when the coagulated (frozen) sol is titrated with 
the same two bases, the corresponding curves are almost coincident 
and may be represented by curve C (which is actually that relating 
to barium hydroxide). This fundamental difference between the 
action of the two bases needs explanation. 

The difference in concentration at the points B and C (viz., 1-6 
10 equiv.) represents the amount of sodium hydroxide removed 
by the colloid particles. In keeping with the results already 
recorded, this removal is interpreted as due to the neutralisation 
of the surface acid, probably H,Pt(OH),, with the formation of the 
corresponding surface salt. One may conclude then, that the total 
surface acid, ionised and un-ionised, corresponds to 1-6 x 10 
equiv. 

In the same way, the difference in concentration at the points D 
and C represents the amount of barium hydroxide removed by 
the colloid particles. This is read from the curves as 6-7 x 10° 
equiv. Of this, only 1-6 x 10- equiv. is needed to neutralise the 
surface acid, and the remainder must therefore be taken up by the 
surface in some other manner. Further evidence in this direction 
is provided by the back titration of the removed barium hydroxide. 


TaB.eE I. 
Titration and Back-titration. 
Platinum sol. Coagulated (frozen) sol. 


, 





Titration. Back-titration. Titration. Back-titration. 





Normality Normality Normality Normality 
HNO, Ba(OH), HNO, 
“4 ay K. x 105. K. x 10°. K. 
13-92 _— 9-66 _ 13-88 ~ 9-66 
11-98 0-78 9-36 11-10 0-67 9-11 
10-07 1-58 9-29 8-42 1-45 8-76 
8-14 2-40 9-70 6-91 2°22 9-05 
6-82 3°18 10-37 6°16 2-98 10-70 
6°15 3-97 11-14 6-60 3-81 13-43 
6-02 4-99 12-27 7-38 4-65 16-62 
6-06 6-07 13-68 8-34 5-48 19-86 
6-39 7-12 15-61 9°35 6-36 23-41 
10-88 7-09 8-13 18-17 9-66 7-13 26-60 
12-10 8-37 9-16 21-35 — 7°84 29-41 
13-08 9-66 10-05 24-58 


Back-titration of the Bariwm Hydroxide —A colloidal platinum sol 
and the comparable coagulated (frozen) sol were titrated with 


barium hydroxide in the usual manner. In each case the titration 
was stopped when the solutions contained the same amount of free 
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base, 3.€., when they showed the same conductivities (C and D in 
Fig. 14). Each solution was then immediately back-titrated with 
nitric acid. The results are set out in Table I and in the second part 
of Fig. 1. The divergence of the curves shows at once that a large 
amount of the removed base is brought back into solution by the 
acid. Now the fraction of barium hydroxide which can be so 
reclaimed at any given acid concentration can be calculated from the 
curves. Consider the points G and G’. Both solutions contained 
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the same initial amount of free hexahydroxy-acid, and they both 
received the same excess of free barium hydroxide (since initially 
they corresponded to points C and D respectively), and as we are 
going to deal with the difference in conductivities at G and G’, 
the conductivities due to these substances, or rather to their salts, 
can be neglected. Of the 3-4 x 10° equiv. of extra acid added 
at G’, some remains as free acid and some has been replaced by 
barium nitrate. Let x represent the normality of the latter. Then 
(0-000034 — x) will represent the normality of the extra acid left as 
such. (The value of x may be greater than 0-000034, but it must be 
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less than 0-000099, which is the total acid concentration at G’,) 
The resulting conductivity due to these two factors is the difference 
in conductivity at G and G’, namely, zero. We therefore write that 
the conductivity of (0-000034 — x) equiv. of nitric acid plus that of 
# equivs. of barium nitrate equals zero. Using the relation: 
normality = x (in gemmhos)/ionic mobility x 1000 (Pennycuick, 
J., 1927, 2605), and using the mobility figures for 25°, H’ = 349-5, 
$Ba” = 65-5, and NO’, = 71-3, we obtain 


(0-000034 — x) x 421,000 + 137,000 x = 0, whence x = 0-000050. 


The normality of barium ion removed from the surface is therefore 
5-0 x 10°, and since the total amount taken up by the platinum 


Fig. 2. 
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had the value 6-7 x 10°N, it follows that 25% of the barium is 
still held at the surface. 

The full significance of these results is seen by calculating the 
above ratio over the whole range of the acid curves and plotting 
percentage of barium ion brought back into solution against the 
ratio [H"]/[Ba™]. Results for the points G, H, K, M, N, P, and Q 
are thus shown in Fig. 2. From these it is seen that some 60% of 
the barium ion is brought back into solution at a low and practically 
constant hydrogen-ion concentration, approximately 1-1 x 10°N; 
of the remainder, another 15% is brought back fairly readily by 
increasing the [H"]/[Ba™] ratio, but the final 25% of the surface 
barium ion is replaceable (if at all) only as the acid concentration 
becomes relatively high. Keeping in mind the figures already 
quoted, it can be concluded that from 20 to 25% of the base has 
formed the barium salt of the hexahydroxy-acid, and that the 
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remainder is held at the surface in some less effective manner. In 
other words, a maximum of 20—25% of the surface of colloidal 
platinum particles consists of hexahydroxyplatinic acid. 

The Nature of the Rest of the Surface —It might be suggested that 
the rest of the surface is pure platinum and that the base is adsorbed 
thereby. This, however, does not appear to be correct, as is shown 
by the following experiment. Some platinum gauze and foil of a 
total surface area of 550 sq. cm. were thoroughly cleansed and placed 
at the bottom of an enlarged conductivity cell. This received 
100 c.c. of conductivity water and then a steady addition of barium 
hydroxide. The specific conductivity was plotted against the 
barium hydroxide concentration, and the curve compared with 
that obtained in similar circumstances but without the platinum. 
A very slight deviation in the curves was obtained which corre- 
sponded to the removal by the pure platinum surface of approxim- 
ately 0-2 x 10° equiv. of barium hydroxide. The platinum sols 
used in this work contained 0-130 g. of platinum per litre, and, 
taking the average radius of the colloid particle as 30 x 107 cm., 
one can calculate from the figures already quoted, that 550 sq. cm. 
of colloidal platinum surface in 100 c.c. of solution would remove 
46 x 10° equiv. of barium hydroxide. Allowing for the inaccur- 
acies involved in the calculation of the colloid surface, one must 
conclude that the removal of the extra base by the colloid cannot 
be ascribed to an adsorption at a pure platinum surface. 

Now it is well known that platinum forms a whole series of 
oxides and oxy-acids (see Wohler, Z. anorg. Chem., 1904, 40, 423; 
Bellucci, ibid., 1905, 44, 168), and there can be no doubt that during 
the preparation of colloidal platinum by the Bredig method a variety 
of oxidation products will be formed. The author has shown that, 
of these, some having strong acid properties [e.g., H,Pt(OH),] are 
bound at the surface and function as the colloid ionogenic stabilis- 
ing agent. It is now suggested that the rest of the surface is com- 
posed of lower and less active oxides, which are too weak to form 
acids with water, but are able to form salts with bases. In con- 
nexion with this explanation, it should be noticed that Fuchs and 
Pauli (Koll.-Chem. Beth., 1925, 21, 412), working on colloidal gold, 
and Pauli and Valké (Kolloid-Z., 1926, 38, 289), on colloidal silicic 
acid, conclude that the surfaces of these colloids contain inactive 
(non-ionogenic) molecules, which can be activated or rendered 
ionogenic by, ¢.g., the addition of potassium bicarbonate. In fact, 
the latter workers have suggested that this property will be found 
to be common to all negative colloids. 

On the assumption that part of the surface of colloidal platinum 
is covered by a weakly acidic oxide, and part by a strong acid, 
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the results obtained from the “‘ back-titration ’’ experiments folloy 
naturally. In the rest of this paper it will be shown that such 
constitution explains the many important reactions of colloidal 
platinum in basic solution. 


The Action of Bases at the Colloid Surface —The difference between ; 


the effects of sodium and barium hydroxides (Fig. 14) may first be 
examined. On the gradual addition of sodium hydroxide, the free 
acid and the surface acid are first neutralised, and then the sodium 
hydroxide tends to combine with the surface oxide to form the 
corresponding salt. With colloidal gold and colloidal silicic acid§j: 
(see references above) it has been shown that comparable reactions 
take place, which are indicated by the increase in the charge on the 
colloid particle. On the addition of further sodium hydroxide, aff; 
state will be reached in which the high charge on the colloid will 
suppress the reaction that tends to increase its charge, and some 
of the surface oxide will remain inactivated or uncombined. When 
the conditions are altered so as to decrease the charge on the 
particle, e.g., by the addition of a sodium salt, more of the surface 
oxide will become activated. This can proceed until the whole of 
the oxide has reacted, and normal coagulation will then ensue. 
Experimental results will be quoted which amply support this view. 

With barium hydroxide, the same reaction proceeds, but it is 
fundamentally affected by the strong electric force between the 
colloid ion and the bivalent barium ion (see Part V, preceding paper). 
In fact the activity of the colloid ion containing the barium salt is 
so small (as revealed by the low coagulation concentration of the 
barium ion) that the surface charge is never high, and the whole of 
the surface combination can take place at low barium hydroxide 
concentration. This explains the flat minimum in the titration curve 
(Fig. 14), and moreover, it is in agreement with the observations on 
colloidal gold (Fuchs and Pauli, loc. cit.), where it is found that on 
the addition of barium hydroxide there is practically no initial 
increase in the charge on the gold particle. 

The author is convinced that no good purpose will be served by 
interpreting the above results in terms of a difference in adsorption 
at the oxide surface. Although it is not improbable that here we 
have a connecting link between a physico-chemical surface reaction 
and an adsorption, explanations in terms of the latter, as applied to 
colloid surface reactions, have been so abused that the author feels 
that in such cases this term must be used with extreme caution. 


(2) The Coagulation by Electrolytes in Basic Solution. 


Univalent Bases and their Protective Action.—The protective action 
of univalent bases on negative colloids is quite general, and in the 
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preparation of colloidal gold and silver a weak solution of a univalent 
hase is essential. This effect was for many years generally ascribed 
o an adsorption of the hydroxyl] ion, but Pauli (‘‘ Eiweisskérper 
und Kolloide,”’ J. Springer, Wien, 1926) has conclusively shown that 
it is due to the production of alkali complex salts which form the 
surface ionogens of the colloid. 

If a solution of colloidal platinum is made alkaline with a univalent 
base, the alkali exerts a well-defined protective action on the 
colloid, and the coagulation concentration of different salts is 
increased remarkably. For example, when a platinum sol is made 
0-0067N with respect to sodium hydroxide, the coagulation con- 
centration of salts with univalent kations is increased about 800% — 
in the case of sodium chloride from 0-004 to 0-032N. With a 
similar alkalinity ferric chloride shows a 90-fold increase in coagul- 
ation concentration, viz., from 0-0001 to 0-0090N. As pointed out in 
the preceding paper, it is again evident that coagulation concen- 
trations have no definite significance unless the py of the sol is 
defined. 

In terms of the foregoing, the author interprets this general 
phenomenon as follows. In the absence of the base, the salt 
coagulation (see Part V) is due to the repression of the ionisation 
at the colloid surface of the salt of the strong platinic acid. The 
latter covers approximately one-fifth of the surface, and it would 
appear that the remaining four-fifths containing the oxide coating 
are unaffected during such coagulations. (Qualitative evidence in 
this direction is afforded by adding barium hydroxide to a barium 
chloride coagulum, whereupon it is found that a large amount of the 
base is completely removed by the precipitate.) Ifa univalent base 
be now added to the uncoagulated sol, part of the oxide is con- 
verted into the active surface ionogenic salt. Any attempt to 
repress the colloid charge by the addition of further foreign salt 
is accompanied by a further activation of the surface oxide and the 
restoration of the charge. This can proceed until the whole of the 
surface oxide has reacted, and further salt addition will then cause 
coagulation in the normal manner. 

It is now evident why sodium hydroxide itself coagulates at a 
much higher concentration than sodium chloride, the respective 
concentrations being 0-052 and 0-004N. 

As already explained, bivalent bases, owing to the electrostatic 
forces concerned, combine with the whole of the surface oxide 
at very low basic concentrations. The residual charging effect is 
therefore extremely small, and could only be detected in very favour- 
able circumstances. It seems to be demonstrable in the case of acid 
clay on (Oakley, J., 1927, 3054), but with colloidal platinum 

Zz 
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sols the author was unable to show the protective action of barium 
hydroxide in any single case. It further becomes evident that the 
protective action of univalent bases on bivalents alts such as 
barium chloride and calcium nitrate must also be a minimum, 
for the bivalent hydroxide is immediately formed in the solution 
and reacts accordingly. 

With salts of tervalent kations, the protective action of univalent 
bases is very pronounced. This is in keeping with results already 
recorded in Part V, where it was shown that the weak tervalent 
hydroxides play no important part (at the low concentrations con- 
cerned) in the coagulation process. 

Hydrolysed Salis —The general effect of hydrolysis on the coagulat- 
ing power of a salt can now be explained. Where salts of univalent 
kations are hydrolysed to form basic solutions, the free base will 
have a protective action, and the coagulation concentration of such 
salts will be greater than that for unhydrolysed salts. For example, 
with a neutral sodium salt, the coagulation concentration of the 
sodium ion may be written as 0-004 ; with sodium acetate, however, 
it is 0-012N, and with sodium cyanide 0-018N. 

If a salt is hydrolysed to form an acid solution, the coagulating 
power may be greater or less than usual, according to whether the 
coagulating power of the hydrogen ion is greater or less than that of 
the kation of the salt. With ammonium chloride, for example, the 
hydrogen ion resulting from hydrolysis has a higher coagulating 
power than a univalent kation (approximately in the ratio 
0-004 : 0-0002); accordingly ammonium chloride should be a better 
coagulant than neutral univalent salts. Actually, it has about twice 
the coagulating power of the neutral sodium salts. (With ammonium 
salts a second reaction may play some part, and this is receiving 
attention.) The coagulating power of tervalent kations, on the 
other hand, is much greater than that of the hydrogen ion, approx- 
imately in the ratio 0-0002 : 0-000024. Accordingly, with the highly 
hydrolysed ferric chloride, the production of free hydrochloric acid, 
and the removal of ferric ion as insoluble or colloidal ferric hydroxide, 
will result in this salt having a lower coagulating power than less 
hydrolysed tervalent salts. Ferric chloride is about a quarter as 
effective as the less hydrolysed aluminium sulphate in coagulating 
a platinum sol, 


(3) The Repeptisation of the Platinum Coagulum. 


It is well known that, in general, the coagulum produced by 
electrolytes is flocculent and by no means compact. This is the case 
with colloidal platinum, no matter what coagulating salt is used. 
With many colloids, the coagulum is of such a loose and open 
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structure that it can be repeptised with a suitable solution, or merely 
by washing. It has invariably been the case to speak of colloidal 
platinum as an irreversible colloid which, once coagulated, can never 
be repeptised (see Freundlich, ‘‘ Colloid and Capillary Chemistry,” 
English edn., 1926, p.470). The author has been unable to find any 
case in the literature of the repeptisation of a platinum coagulum. 

Now when a platinum sol in its natural (slightly acid) state is 
coagulated by a salt, it has been shown that the surface oxide is 
apparently unaffected by the process. Further, the fact that a 
barium chloride coagulum can still take up a large quantity of 
barium hydroxide indicates that the flocculent coagulum is suffi- 
ciently porous to allow the base to reach and react with the surface 
oxide. It therefore appeared that, if the foregoing explanation was 
valid, almost any platinum coagulum should be repeptisable by a 
univalent base. Experiment showed that this was the case. 

Sols coagulated by salts with univalent kations, such as rubidium 
nitrate, sodium sulphate, and potassium chloride, were all readily 
repeptised by a small amount of sodium or potassium hydroxide. 
For example, a sol was completely coagulated by 0-007N-sodium 
chloride, and then completely repeptised when made 0-0001N 
with respect to sodium hydroxide; moreover, the following experi- 
ment was performed. A sol was just coagulated with potassium 
chloride, the coagulum settling in one hour; it was then repeptised 
with a little sodium hydroxide, recoagulated with further potassium 
chloride, repeptised again, and so on. The action could be carried 
on until conditions demanded that the whole of the surface com- 
pound be formed, whereupon sodium hydroxide could exert no 
further repeptising action. In each case the repeptised solution 
was stable over a period of several months, and, further, the particles 
were still negatively charged. 

As expected, the coagulum formed by a salt with a bivalent 
kation could not be thus repeptised. The reason for this is evident 
from a previous discussion. 

The coagulum formed by a salt with a tervalent kation is readily 
repeptised. The explanation for this has also received attention. 
One important feature is that the repeptised sol (like every other 
such sol examined) still carries a negative charge. In excess of 
aluminium salt, it is well known that the colloid suffers a reversal 
of charge. With the low aluminium salt concentrations used, no 
unusual or abnormal features were revealed, and it is evident that at 
low concentrations these salts accord with the general theory. 

It is significant that the whole of the above results on repeptisation 
were suggested by, and therefore are in accord with, the theory as 
outlined. 
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In virtue of the foregoing, one would further expect that an 
acid coagulum (brought about by coagulating colloidal platinum 
with an acid) would be readily and easily repeptisable by a univalent 
base. Different acids were used, and the phenomenon appears to 
be so general that no figures need be given. As in the previous 
cases, the repeptised particles are stable over some months and are 
negatively charged. (It is obvious that the repeptisation will not 
occur where the concentration of free base exceeds 0-052N, the 
coagulation concentration of the base.) 

A silver nitrate coagulum when treated with a small quantity of 
sodium hydroxide showed partial repeptisation. The solution 
assumed the brown colour of a dilute platinum sol, but a large amount 
of the coagulum became converted into large coherent masses. The 
formation of the insoluble silver hydroxide was obviously playing 
some interfering part. A silver nitrate coagulum, however, is 
completely repeptised at a concentration of 0-002N-potassium 
cyanide. Here the cyanide tends to remove the silver as a complex 
ion, whilst at the same time the potassium hydroxide of hydrolysis 
peptises the coagulum. 

Since the coagulation process is interpreted throughout this work 
as a repression of the ionisation of the colloid ion, it might be con- 
cluded that every coagulum should be repeptisable simply by 
washing. This, however, assumes that the coagulated particles have 
@ minimum of cohesion amongst themselves. Actually it was found 
that, when a freshly precipitated sol was washed and then shaken 
with conductivity water, the particles appeared to get smaller (took 
longer to settle) and in some cases were completely repeptised. A 
coagulum which had stood for several days was invariably more 
difficult to peptise. The results may be briefly summarised. The 
coagulum produced by a univalent base was the most easily peptised. 
This could be brought about by one washing, i.e., by allowing the 
coagulum to settle, removing the supernatant liquor, replacing 
it by an equal volume of conductivity water, and shaking. One 
washing was also sufficient to repeptise a coagulum formed by 4 
salt with a univalent kation, such as sodium sulphate. Such 
repeptised sols were not completely stable, for on standing for two 
months, they showed a slight clearing at the top. Cataphoresis 
experiments showed that they were still negatively charged. With 
salts of bivalent kations, the coagulum was never completely repep- 
tised, but whereas the original coagulum was precipitated in 1 hour, 
the washed coagulum took two or three days to settle. A similar 
behaviour was noticed in the case of salts with tervalent kations. 

In coagulating power, the silver ion is comparable with bivalent 
kations rather than univalent, and accordingly, a silver salt 
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coagulum cannot be repeptised by washing. An acid coagulum 
shows a behaviour intermediate between that of a univalent and that 
of a bivalent salt. On being washed it appears to go into solution, 
shows a definite clearing on top at the end of a week, and is practically 
all precipitated at the end of a month. 

The precipitated particles formed by coagulating a platinum sol 
by freezing do not resemble an ordinary salt coagulum in appear- 
ance. They are extremely fine and compact, and by no means 
flocculent. They show no evidence of peptisation on washing, or 
even on warming with sodium hydroxide. 

Finally, it should be mentioned that many of the conclusions in 
this and the preceding paper were reached quite independently of 
Pauli’s more recent work. Where comparisons can be made, it has 
been shown that the results are in striking agreement with that 
author’s general theory of colloids. 


Summary. 


From results obtained by the addition of bases to colloidal 
platinum solutions, it is concluded that approximately 25°% of the 
colloid surface consists of hexahydroxyplatinic acid. 

Evidence is produced for the belief that the rest of the surface 
contains weakly acidic oxides of platinum. 

In terms of this hypothesis, the different actions of univalent and 
bivalent bases at the colloid surface are explained, as is also the 
remarkably effective protective action of univalent bases against 
salt coagulation. 

Contrary to general belief, platinum sols are reversible. The 
conditions of repeptisation are outlined and the results explained in 
terms of the theory. 

UNIVERSITY OF ADELAIDE, AUSTRALIA. 
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BERKELEY. [Received, November 6th, 1928.] 





XCI.—Studies in the Composition of Coal. Plant 
Entities as Oil-yielding Constituents. 


By Ronatp Hotroyp and RicHarD VERNON WHEELER. 


MoRPHOLOGICALLY organised plant entities, such as spore exines 
and cuticular and epidermal tissues, often form an important part 
of the coal conglomerate. For example, rational analyses of 
American bituminous coals (see Francis and Wheeler, J., 1928, 2967) 
have disclosed the presence of as much as 15%, and many of the 
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British bituminous coals that we have examined by similar methods 
have contained between 10 and 25% of spore exines and cuticles. 

The exines of present-day spores, such as those of lycopodium, 
and the cuticles of present-day plants appear to be similar, both 
physically and chemically, to the corresponding plant structures in 
bituminous coals, the resistance of these parts of plants to the 
processes of decay, which enabled them to remain as entities in the 
coal-forming mass, having apparently been nearly proof against the 
processes of coalification. The results of an examination of modern 
plant cuticle have been published (Legg and Wheeler, J., 1925, 
127, 1412). A similar examination of modern spore exines and 
parallel studies of both exines and cuticles from coal, in accord. 
ance with the scheme outlined by Stopes and Wheeler (‘ The 
Constitution of Coal,” H.M. Stationery Office, London, 1918), are 
in progress. An important property in relation to the present 
research is their decomposition at comparatively low temperatures, 
yielding a high proportion of their weight of oils. 

In our previous papers (J., 1928, 2669, 3197), examples have 
been given of the behaviour of (1) hydrocarbons, (2) resins, and (3) 
ulmin compounds when a bituminous coal is destructively distilled 
in a vacuum, the yields of oils in particular being noted. Most of 
the coals we have examined have yielded a greater quantity of oils 
than can be accounted for by the distillation and decomposition of 
these constituents of the coal conglomerate, the excess of oils being 
generally unsaturated hydrocarbons. There remain the plant 
entities to be considered as oil-yielding constituents, the particular 
information required being the temperature range over which they 
decompose. 

This information has been obtained by carrying out parallel 
distillations in a vacuum on samples of coal, from the same seam, 
devoid of plant entities and containing known proportions of 
them, i.e.,on samples of vitrains and durains from the same seams. 
The distillation of about 20 g. of spore exines separated from a 
bituminous coal has given supplementary information. 

In summarising the results of the present work, it is necessary to 
recapitulate some of the information previously recorded (loc. cit.) 
regarding the behaviour of the hydrocarbons, resins, and ulmin 
compounds in the coal conglomerate during destructive distillation. 

With most bituminous coals containing more than 80% of carbon, 
there is no extensive decomposition of any constituent below 300°. 
Occluded gases are driven off up to 150°, and slight changes in the 
external groupings of the ulmin compounds may occur at low 
temperatures, particularly if the coal has been “ weathered,” 
resulting in the evolution of water and oxides of carbon. Between 
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920° and 300°, the major part of the free hydrocarbons in the coal 
(y, compounds, extractable by solvents) distils unchanged. 

The present work shows that at 300°, or just above, any plant 
entities the coal may contain begin slowly to decompose. With 
cdarains, this decomposition may be difficult to detect, but it is easily 
recognisable with durains. The gaseous products are rich in oxides 
of carbon, and the liquids consist of water with much heavy oil, 
containing mainly unsaturated hydrocarbons and neutral oxygen- 
ated compounds. The temperature range over which this decom- 
position occurs, viz., 310—350° (or 300—320° if the duration of heat- 
ing is prolonged much beyond the normal), is nearly the same with 
all bituminous coals. 

Above 300°, marked decomposition of the ulmin compounds 
begins, the products being gaseous paraffins, water, phenolic oils, 
and liquid aromatic and hydroaromatic compounds. This “ active- 
decomposition point,” which is well defined, increases with the 
“rank ” of the ulmin compounds, and marks the breakdown of their 
nuclear structures. Over the range of bituminous coals studied 
(of carbon content 77—90%) it increased from 290° to 365°. The 
production of oils from the ulmin compounds is confined mainly to a 
temperature range of 25—30° above the active-decomposition point. 

Above the active-decomposition point of the coal, ulmin com- 
pounds, organised plant entities, and resins decompose and distil 
simultaneously, yielding a complicated mixture of liquid products. 
It is difficult to trace the exact contribution made by each ingredient 
of the coal to this distillate, but the simultaneous liquation and 
decomposition (yielding hydrocarbon oils) of resins can be detected 
at about 325°, continuing to about 375°. This temperature range, 
which is the same for all the bituminous coals examined, may be 
lowered slightly and narrowed if the duration of heating is much 
prolonged. The amount of resins distilled unchanged is usually 
less than that extractable from the coal by solvents (y,-compounds), 
but it may approach that quantity if the coal also contains a fairly 
high proportion of plant entities yielding much hydrocarbon oils 
on decomposition, the presumption being that some of the resins 
are then ‘‘ vapour-distilled.” 

The amounts and descriptions of the primary gaseous and liquid 
products of resolution of bituminous coals by heat are shown in 
Table I. 

As the distillation is carried beyond 400°, increasingly large 
quantities of gases are evolved, the proportion of hydrogen they 
contain rapidly increasing. Nitrogen- and sulphur-containing com- 
pounds appear in small quantity in both gaseous and liquid products 
at all temperatures of distillation. 





Constituent. 


Free hydro- 
carbons. 


Resins 


Structured 
plant entities 
(2.g., spore 
exines). 


Ulmin 
pounds. 


com- 
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Principal 
gaseous 
products. 
Paraffins in 
small] quan- 

tity. 


Paraffins 
and higher 
olefins. 


Oxides of 
carbon aud 
some par- 
affins. 


Paraffins 
and some 
oxides of 
carbon. 


TABLE I. 
The Resolution of Bituminous Coals by Heat. 


Principal liquid products, 





oT 


Character. 
Saturated and un- 
saturated hydro- 
carbons in nearly 
equal amount. 


Resins and un- 
saturated hydro- 
carbons. 


hydrocarbons, 
neutral oxygen- 
ated compounds, 
and water. 


Phenolic 
acidic oils, un- 
saturated hydro- 
carbons. 
atic and hydro- 
aromatic 
pounds, 
water. 


Quantity. 


Equal to the ori- 


ginal amount of 
free hydrocarbons 
in the coal. 


Usually rather less 


than the original 
amount of resins 
in the coal, 


About 30% of the 


original amount 
of plant entities 
in the coal. 


Decreases with in- 


crease in “ rank ” 
of the ulmins; 
6—1% water and 
38—0-05% phenols 
and acids with 
coals ranging from 
77—90% carbon. 


Se ee. 
Temperature 
range. 

225—300° 


325—375 


800—320 


Decomposition pec‘nt 
increases with 
“rank” of the 
ulmins : from 
290—365° with 
coals ranging from 

77—90% carbon. 

All oils distilled 


below 400°. 


EXPERIMENTAL. 
(1) Comparative Distillations of Vitrains and Durains.—The 
apparatus used for the distillation of 250-g. charges of the coals 


in a vacuum was that described in J., 1928, 2669. Large blocks of 
coal from several seams were obtained, and the vitrain and durain 
carefully separated from them by hand. For each coal, parallel 
distillations of these distinct components of banded bituminous coals 
were then carried out simultaneously. Two examples are recorded : 
(a) the Thick Seam (Brazils), from Hamstead Colliery; and (6) the 
Barnsley Seam, from Brodsworth Colliery. Analyses of these 
coals are given in Table II. 

(a) The Thick Seam. With both the vitrain and the durain the 
stages of heating adopted were: 15—100°, 100—200°, 200—275°, 
and 25° intervals thereafter up to 400°.. The coals were maintained 
at the higher temperature of each stage during 120 hours. The 
gases and liquids distilled at each stage were collected separately 
and analysed in the manner described in J., 1928, 2669. The 
neutral hydrocarbon oils, soluble in light petroleum, were treated 
with concentrated sulphuric acid and subsequently with fuming 
sulphuric acid to determine roughly the proportions of unsaturated, 
aromatic, and saturated hydrocarbons they contained. The results 
are recorded in Tables III and IV. 

Little gas (mainly oxides of carbon) was yielded by either the 
vitrain or the durain below 290°. With the vitrain, a well-marked 
decomposition point was observed between 295° and 300°, a sudden 
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TaBLE II. 
Analyses of the Coals Used. 


Proximate analysis, %. 





Ultimate analysis, % on “ pure 
coal.” 


Volatile 
matter 
Moist- (ash-free, “ 
ure. Ash. drycoal). C. a. N. s.° @. 





13-4 1-3 37°5 78-3 515 1:02 1-01 14-52 
6-4 6-0 35:1 80-9 4-71 1-08 0-97 12-34 
6-4 1-3 33-0 81-2 531 1-34 1-03 11-12 

4-0 36-1 82-7 523 1:42 1:06 9-59 


Rational analysis, %. 

Organised Reactivity 
Hydro- plant index for 
carbons. Resins. entities. Ulmins. ulmins. 


Thick Seam, vitrain 3-0 Nil 96-8 74 
Thick Seam, durain 3-2 7-8 88-7 72 
Barnsley Seam, vitrain ... . 2-6 Nil 96-6 65 
Barnsley Seam, durain ... , 2-2 20-7 76°6 62 


* Organic sulphur. 


evolution of gaseous paraffins then occurring. With the durain, 
the evolution of gases increased between 290° and 310°, but the 
decomposition point was not well defined. A greater volume of 
gas was obtained from the durain than from the vitrain over this 
range, owing to the extensive evolution of carbon dioxide from the 
former. The durain yielded more carbon dioxide than the vitrain 
throughout the distillation, but much less paraffins below 350°. 

Water of decomposition was evolved more freely by the durain 
than by the vitrain below 300°, but the reverse occurred above 310°. 

Hydrocarbon oils were distilled from both coals below the active- 
decomposition point in quantities corresponding with their contents 
of free hydrocarbon (y,-compounds). The evolution of oils was 
accelerated just below 300°, above which the durain yielded more 
than the vitrain by reason of an extensive production of hydro- 
carbon oils between 300—350°. The vitrain yielded more phenolic 
oils. Analysis of the hydrocarbon oils from the two coals showed 
that in those from the vitrain aromatic hydrocarbons predominated, 
whilst those from the durain contained a high proportion of unsatur- 
ated hydrocarbons. 

(b) The Barnsley Seam. The stages of heating adopted were 15— 
100°, 100—200°, 200—280°, 280—300°, thence 10° intervals up to 
350°, and finally 350—375° and 375—400°. The coals were main- 
tained at the higher temperature of each stage during 120 hours 
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except at 300—310° and 310—320°, for which the duration was 
240 hours, the shorter time being insufficient to distil all the oils from 
the durain at those temperatures. The gases and liquids evolved 
at each stage were collected separately. In the examination of the 
neutral hydrocarbon oils, oxygenated compounds were removed by 
treatment with ferric chloride, according to Robinson’s method 
(J., 1925, 127, 768). The results are recorded in Tables V and VI. 
They were similar to those obtained with the Thick Seam, but there 
was a greater contrast between the behaviour of the vitrain and the 
durain because the latter contained a higher proportion of plant 
entities than did the durain of the Thick Seam. 

The active-decomposition point, well marked with the vitrain but 
less distinct with the durain, was at 305—310°. Above this temper. 
ature the evolution of gases rapidly increased, paraffins predominat- 
ing. Between 300—320° the durain yielded considerably more 
gases than the vitrain, the excess being due to carbon dioxide. The 
durain also yielded much more water of decomposition than the 
vitrain over this range. Above 320°, the evolution of gases, particu- 
larly of the paraffins, increased more rapidly with the vitrain than 
with the durain, and the former yielded the greater quantity of water. 

The yields of oils from the two coals were markedly different, 
the durain producing the greater quantity, particularly over the 
range 300—320° (i.e., the range over which it evolved the greater 
quantities of gases and water). The oils from the vitrain, apart from 
phenolic compounds, consisted mainly of aromatic hydrocarbons. 
The oils from the durain contained less phenolic compounds and 
the hydrocarbons were mainly unsaturated. 

(2) Distillation of Spore Exines from Bituminous Coal.—We are 
indebted to Dr. V. H. Legg for a supply of megaspore exines separated 
by him from the durain of the Top Hard Seam, East Kirkby. The 
mode of separation involved the gradual oxidation by hydrogen 
peroxide, and subsequent dissolution in potassium hydroxide solu- 
tion, of the matrix of ulmin compounds in which the megaspores 
were embedded. Partial oxidation of the megaspores must be 
presumed, though their appearance was unchanged by this treat- 
ment. The retort when filled contained 17 g. of spore exines. The 
distillation was carried out by stages as recorded in Table VII, the 
duration of heating at the higher temperature of each stage being 
120 hours. 

Heavy oils began to distil at 280° and appeared in greatest quantity 
over the range 300—360°. Water and large volumes of gas, con- 
taining a high proportion of paraffins and carbon dioxide, accom- 
panied the oils, which consisted mainly of unsaturated and aromatic 
hydrocarbons and oxygenated compounds. The hydrocarbon oils, 
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TaBLE VII. 
Gaseous and Liquid Products of Distillation of Megaspore Exines. 
(Gases: c.c. per 100 g. Liquids: % by weight.) 
100— 200— 300— 330— 360— 


Temp. range. 200°. 300°. 330°. 360°. 400°. Total. 


CO, (and H,S) 1269 177 179 3004 
34 66 299 679 

277 155 190 188 922 

— 42 624 851 

122 522 1390 3476 


3- , : . 13-9 
0: ° : : 4-2 
1: . . 


Light oils 
Heavy oils 


ne of heavy 


16-7 


oils. 

Sat. hydrocarbons ... Trace 

Unsat. hydrocarbons 0-8 
Aromatic §hydrocar- 

0-2 


Phenolic and acidic oils — Trace 
Bases a oh 
Oxygenated com- 
pounds _ 0-2 
Ether- and 
form-soluble oils...... — Trace 
Loss during fraction- 
ation .. 0-3 0-6 


— & 2: SO9 Pr 
Yo G&G aap ee 


like those from the two durains, darkened on exposure to the air, 
oxygenated compounds being readily formed from them. 

The products of distillation of megaspore exines thus provide, 
over the significant temperature range, the difference in character 
between the gaseous and liquid products of distillation of durain and 


vitrain from the same coal. 


The work described in this paper forms part of a research on the 
constitution of coal which we are carrying out for the Safety in Mines 
Research Board, to whom our thanks are due for permission to 
publish the results. 


Sarety in Mines RESEARCH LABORATORIES, 
SHEFFIELD. [Received, January 30th, 1929.] 





XCII.—The Nitration of Phenylbenzylamine 
Derivatives. 
By JosepH Remy, Peter J. Drumm, and Timotay V. CREEDON. 


In a recent paper (J., 1928, 563) the authors showed that, on 
nitration of benzylaniline and dibenzylaniline under similar con- 
ditions, the former yielded only the nitrate of the base. Nitration 
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of the secondary amine in sulphuric acid solution led to the formation 
of phenyl-3-nitrobenzylamine together with a smaller amount of the 
corresponding 4-nitro-derivative. 

That work is now extended to include the nitration of phenyl. 
benzylamine derivatives in which the imino-hydrogen is replaced by 
acidic and other groups. Unlike the parent substance, nitroso. 
benzylaniline is nitrated directly or in acetic acid solution with 
remarkable ease, giving nitroso-4-nitrophenylbenzylamine (I) as the 
main product and a small amount of the nitroso-2-nitro-compound 
(II). 


ON-N-CH,Ph § ON-N-CH,Ph 


Pour. 
(I.) O; PhN O, (II) 


CH, 
(II.) Xo, 


No, 


There are conflicting views in the literature with regard to the 
orientation of the nitration products of benzylalkylanilines. Schultz, 
Rohde, and Bosch (Annalen, 1904, 334, 242) state that benzylethyl- 
aniline in sulphuric acid solution is nitrated in the benzyl ring, 
whereas Gnehm and Scheutz (J. pr. Chem., 1901, 63, 426), who 
worked under identical conditions, assign the nitro-group to the 
aniline ring. The nitration of benzyl-n-butylaniline is in line with 
the results of the former workers, the main product isolated being 
phenyl-3-nitrobenzyl-n-butylamine. 

Nitration of dibenzylaniline in acetic acid solution gives mainly 
2 : 4-dinitrophenyldibenzylamine and a very small amount of the 
2 : 6-dinitro-compound (Desai, J. Indian Chem. Soc., 1928, 5, 425). 
Evidence of the formation of either of these nitro-derivatives in the 
hitherto unrecorded nitration of dibenzylaniline in sulphuric acid 
solution has not been obtained, but instead the authors have 
isolated a new dinitro-derivative, which has been shown by direct 
synthesis to be phenyldi-m-nitrodibenzylamine (III). 

The experimental evidence supports the view that nitration of 
phenylbenzylamine derivatives directly (i.e., as bases) leads to the 
formation of nitro-derivatives substituted in the aniline ring, whereas 
nitration through the salt promotes substitution in the benzyl 
nucleus. 


EXPERIMENTAL. 

Nitration of Nitrosobenzylaniline.—Nitrosobenzylaniline (5 g.) was 
slowly added, with stirring, to nitric acid (d 1-42; 25 c.c.) at 0O—S°. 
When the mixture was poured on ice, a reddish, partly solid product 
was obtained, from a solution of which in hot alcohol there separated, 
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on cooling, yellow needles (3-4 g.), m. p. 108—109°, of nitroso- 
4-nitrophenylbenzylamine (Found : N, 16-1. Calc. for C,;H,,03N; : 
N, 16-°3%). This constitution follows from the fact that, on heating 
with an alcoholic solution of either hydrochloric acid or potassium 
hydroxide, the nitroso-group was eliminated and a substance 
obtained, m. p. 143—144°, a mixture of which with the 4-nitro- 
phenylbenzylamine of Meldola and Streatfeild (Ber., 1886, 19, 
3250) showed no depression in melting point. 

The alcoholic mother-liquor, on dilution with water, gave an oil 
which did not crystallise. This was boiled with alcoholic hydro- 
chloric acid: from the solution, on standing, orange-coloured 
plates (1 g.), m. p. 74-5°, separated, which showed no depression in 
melting point when mixed with 2-nitrophenylbenzylamine (m. p. 
745°). 

On adding nitric acid (d 1-42; 20 g.) to a solution of nitroso- 
benzylaniline (10 g.) in glacial acetic acid (60 c.c.), considerable heat 
was evolved, the temperature rising from 18° to 40°. From the 
reddish solution, nitroso-4-nitrophenylbenzylamine (7 g.) was 
obtained on cooling. From the mother-liquor, 2-nitrophenyl- 
benzylamine (1-5 g.) was obtained in the manner already described. 

Nitration of Phenylbenzyl-n-butylamine in Mixed Acids.—To a well- 
cooled solution of phenylbenzyl-n-butylamine (9 g.) in concentrated 
sulphuric acid (100 c.c.) was added, with stirring, a solution of nitric 
acid (d 1-51; 2-2 g.) in concentrated sulphuric acid (30 c.c.), the 
temperature being maintained at 0°. The mixture was stirred for 
6 hours at 0° and poured on ice. The clear solution, when made 
alkaline in the cold with sodium carbonate solution, gave a dark oil, 
which was extracted with chloroform and dried with anhydrous 
potassium carbonate. The chloroform on evaporation left a viscous 
oil which, after inoculation with a crystal of phenyl-3-nitrobenzyl- 
n-butylamine and standing in the ice-chest for a week, set to a 
semi-solid mass. This, drained on a porous plate, left a solid (6 g.), 
which was obtained from alcohol in bright yellow plates, m. p. 
4445° (Found : N, 9-8. C,,H,.0,N, requires N, 9-9%). 

The above nitro-compound was identical in all respects with 
phenyl-3-nitrobenzyl-n-butylamine synthesised by heating 3-nitro- 
benzyl chloride (1 mol.) and -butylaniline (2 mols.) for 3 hours at 
130—140°. The product was made alkaline by addition of sodium 
hydroxide solution and distilled in steam. The residual oil slowly 
solidified, and separated from alcohol in yellow plates, m. p. 44—45° 
(Found : N, 9-9%), readily soluble in chloroform, ether, and benzene 
and moderately easily soluble in cold ethyl alcohol. 

Nitration of Dibenzylaniline in Mixed Acids.—In the nitration of 
dibenzylaniline the use of one molecular proportion of nitric acid left 
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much initial material unchanged and gave substantially the same 
product as when two molecular proportions were used. Potassium 
nitrate gave more satisfactory results than fuming nitric acid. 

To a solution of dibenzylaniline [recrystallised from alcohol; 
m. p. 69—70° as against 67° recorded by Matzudaira (Ber., 1887, 20, 
1611) and 71° by Wedekind (Ber., 1899, 32, 522)] (10 g.) in sulphuric 
acid (100 c.c.), potassium nitrate (7-4 g.) was slowly added at room 
temperature with stirring. There was no appreciable rise in 
temperature. After 12 hours, the mixture was poured onice. The 
sulphate of the nitro-compound which separated was converted into 
the base by means of sodium hydroxide solution. The yellow residue 
(10 g.) obtained after trituration with ether was separated into two 
parts by repeated fractional crystallisation from ethyl alcohol-ethy] 
acetate. The less soluble portion (2-8 g.) consisted of canary-yellow 
prisms, m. p. 128—129° (Found: N, 11-5. C,)9H,,0,N, requires N, 
11-6%), and was identified as phenyldi-m-nitrodibenzylamine (III) 
by the synthesis described below. The second fraction melted at 
100—105°. No other definite substance was isolated. The melting 
point of the fraction m. p. 100—105° was not depressed by addition 
of phenyldi-m-nitrodibenzylamine. Repeated extraction of this 
fraction with ethyl alcohol-ethyl acetate removed small amounts of 
phenyldi-m-nitrodibenzylamine, but the other nitro-compounds 
present were not identified. It melted at 80—90° when mixed with 
2 : 4-dinitrophenyldibenzylamine (m. p. 107°). 

Synthesis of Phenyldi-m-nitrodibenzylamine (I11).—Aniline (1 mol.) 
and m-nitrobenzyl chloride (2 mols.) were heated in alcoholic solution 
for 2 hours. The alcohol was removed, a concentrated aqueous 
solution of sodium carbonate added, and the mixture boiled for 
8 hours. The product, which solidified on cooling, was extracted 
with warm alcohol; the yellow insoluble portion separated from 
alcohol-ethyl acetate in canary-yellow prisms, m. p., alone or mixed 
with the above nitro-compound, 129—130°. Phenyldi-m-nitrodi- 
benzylamine is readily soluble in chloroform, benzene, and ethyl 
acetate and sparingly soluble in cold alcohol, acetic acid, and ether. 


We ‘wish to thank Mr. William Rintoul, F.I.C., of Imperial 
Chemical Industries, Ltd. (Nobel’s Explosive Co.) for providing the 
dibenzylaniline, and the Chemical Society for a grant which has 
partly defrayed the cost of this work. 


University CoLLecr, Cork. [Received, January 28th, 1929.] 
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XCIII.—The Action of o-Phenylenediamines wpon 
Dihydroxytartaric Acid. 


By FREDERICK DantieL Cuatraway and WILLIAM GERALD 
HUMPHREY. 


In the course of his investigation of the quinoxalines, Hinsberg con- 
densed o-phenylenediamine (Ber., 1894, 27, 2185) and 3 : 4-tolylene- 
diamine (Annalen, 1887, 237, 353) with sodium dihydroxytartrate 
and obtained, on acidification of the resulting solutions, quinoxaline- 
2:3-dicarboxylic acid and 6-methylquinoxaline-2 : 3-dicarboxylic 
acid respectively. Attempts to obtain the bases themselves from 
these acids by elimination of carbon dioxide were unsuccessful. 

A reinvestigation of the course of this reaction has shown that it is 
not so simple as Hinsberg supposed. When sodium dihydroxy- 
tartrate is heated with an aqueous solution of o-phenylenediamine, 
two molecules of the diamine react with one molecule only of the 
salt, forming quinoxaline-2 : 3-dicarboxy-o-phenylenediamide (I); 
sodium dihydroxytartrate is only very sparingly soluble in water, 
and any excess above one molecular proportion remains in suspension 
unchanged. When the filtered alkaline solution is partly neutralised 
with hydrochloric acid, the diamide (I) separates as a colourless 
crystalline powder. It is stable in neutral solution, and dissolves 
readily in cold dilute aqueous alkali, from which it is reprecipitated 
on addition of a deficiency of acid. It dissolves in hot dilute hydro- 
chloric acid (1 : 50), but on cooling, the o-phenylenediamine salt (II) 
of quinoxaline-2 : 3-dicarboxylic acid separates; whereas if it is 
dissolved in hot, moderately concentrated hydrochloric acid (1 : 1), 
quinoxaline-2 : 3-dicarboxylic acid separates on cooling, o-phenylene- 
diamine hydrochloride remaining in solution. The salt (II) and the 
dicarboxylic acid may consequently be obtained directly from the 
original yellow condensation solution, the former by making the 
solution weakly acid with hydrochloric acid, and the latter by 
saturating it with gaseous hydrogen chloride. 


oar / \ oO OHNE 
\w7"\co: za A + \nZ Aco, H 


(I.) (II.) 


Attempts to acetylate or benzoylate the amide (I) by the usual 
methods also cause decomposition, with formation of the diacetyl or 
the dibenzoyl derivative of o-phenylenediamine. 

Quinoxaline-2 : 3-dicarboxylic acid, when heated with acetic 
anhydride, is converted into quinoxaline-2 : 3-dicarboxylic anhydride 
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(III), and the action of dry ammonia upon this anhydride in benzene 
suspension yields the ammonium salt of quinoxaline-2 : 3-dicarboxy. 
amic acid (IV), from which the acid itself may be obtained on acidific. 
ation. This amic acid is converted into the corresponding imide (V) 
on being heated above its melting point, and into the acetyl deriv. 
ative of the imide on boiling with acetic anhydride. 
oe tt \ocon, “So 
O | 4 NH 
\wA\c0% \wH OOO \n7 co 
(III.) (IV.) (V.) 

On being heated above its melting point, quinoxalinedicarboxylic 
acid decomposes, evolving carbon dioxide and yielding a small 
quantity (10%) of quinoxaline; better yields (30°) of this base are 
obtained by heating the ammonium salt of the acid. In common 
with other nitrogen bases, quinoxaline forms a stable, well-crystallised 
mono-tetrachloroiodide. 

p-Chloro-o-phenylenediamine (2 mols.) reacts similarly with sodium 
dihydroxytartrate (1 mol.), forming first 6-chloroquinoxaline- 
2 : 3-dicarboxy-p-chloro-o-phenylenediamide, from which the p-chloro- 
o-phenylenediamine salt of .6-chloroquinoxaline-2 : 3-dicarboxylic 
acid, and 6-chloroquinoxaline-2 : 3-dicarboxylic acid (V1) are obtained 
by heating with dilute and with concentrated hydrochloric acid 
respectively. p-Bromo-o-phenylenediamine reacts similarly to give 
the corresponding bromo-compounds. These halogen-substituted 
derivatives are considerably less soluble than the unsubstituted 
compounds, and are therefore more readily prepared and purified; 
otherwise their reactions are analogous. 6-Chloro- and 6-bromo- 
quinoxaline-2 : 3-dicarboxylic acid melt with decomposition and 
yield 6-chloro- and 6-bromo-quinoxaline respectively; as with the 
unsubstituted acid, better yields are obtained by heating the 
ammonium salts. 

The oxidation of quinoxaline derivatives was attempted by 
Hinsberg (Annalen, 1887, 237, 353) but without success ; Gabriel and 
Sonn, however, succeeded in oxidising quinoxaline with alkaline 
permanganate to pyrazine-2 : 3-dicarboxylic acid (Ber., 1907, 40, 
4850); it has been found that quinoxaline-2 : 3-dicarboxylic acid, 
and also 6-chloro- and 6-bromo-quinoxaline-2 : 3-dicarboxylic acids 
are similarly oxidised, yielding pyrazinetetracarboxylic acid (VII). 
This acid was prepared by Wolff (Ber., 1893, 26, 721) by the 
oxidation of tetramethylpyrazine, but no details or analyses are 
given; some difficulty was evidently experienced in preparing it, and 
Kalischer (Ber., 1895, 28, 1516) failed to isolate it in a pure condition 
from the products of oxidation of dimethyldiethylpyrazine. 
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Pyrazinetetracarboxylic acid forms a sparingly soluble, well- 
crystallised dipotassium dihydrogen salt and a tetraethyl ester. 


N N N 

ee \\o-C0,H _, CO,” pea Oe \o-CO,H 

\ yA OOnH COB n7oCOaHt 
(VII.) (VI.) 


EXPERIMENTAL. 


Quinoxaline-2 : 3-dicarboxy-o-phenylenediamide (I).—A fine sus- 
pension of 7 g. of sodium dihydroxytartrate (1 mol. + excess) in a 
solution of 5-4 g. of o-phenylenediamine (2 mols.) in 50 c.c. of water 
was heated at 90° for } hour, and the hot yellow filtered solution was 
partly neutralised by the slow addition of 2-5 c.c. of concentrated 
hydrochloric acid (1 mol.) with vigorous stirring. The diamide (1), 
which separated on cooling, crystallised from boiling water (animal 
charcoal), in which it was very easily soluble, in glistening, colour- 
less, rhombic plates, m. p. 184° (decomp.); yield, 3 g. (Found: 
C, 66-1; H, 3-2; N, 19-3. C,g.H,,O,N, requires C, 66-2; H, 3-4; 
N, 19-3%). 

o-Phenylenediamine Salt of Quinoxaline-2 : 3-dicarboxylic Acid 
(I1).—In an experiment similar to the above, the hot filtered solution 
was cooled and acidified with 10 c.c. of concentrated hydrochloric 
acid (4 mols.); the thick pulp of the o-phenylenediamine salt of 
quinoxaline-2 : 3-dicarboxylic acid obtained was recrystallised from 
boiling water (animal charcoal), in which it was very easily soluble, 
separating in lemon-yellow, compact prisms, m. p. 186° (decomp.) ; 
yield, 5 g. (Found: C, 59-2; H, 4-4; N,17-0. C,,.H,,0,N, requires 
C, 58-9; H, 4:3; N,17-2%). This salt is also readily prepared by 
mixing aqueous or alcoholic solutions of quinoxalinedicarboxylic acid 
and o-phenylenediamine. 

Quinoxaline-2 : 3-dicarboxylic Acid.—14 G. of sodium dihydroxy- 
tartrate (1 mol.) were dissolved in a hot solution of 11 g. of o-phenyl- 
enediamine (2 mols.) in 100 c.c. of water, and the filtered solution was 
saturated with hydrogen chloride. Quinoxaline-2 : 3-dicarboxylic 
acid, which separated as a crystalline powder, was recrystallised from 
boiling water (animal charcoal), in which it was moderately easily 
soluble, separating in long colourless prisms containing two molecules 
of water (yield, 8-5 g. or 70%). This water is lost at 110°; the 
anhydrous acid melts at 190° (decomp.). Half of the o-phenylene- 
diamine is inevitably lost as the hydrochloride. 

The ethyl ester prepared by boiling the acid with alcohol containing 
2% of hydrogen chloride, separated from alcohol, in which it was very 
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easily soluble, in small, slender, colourless prisms, m. p. 83° (Found: 
N, 10-1. C,,H,,0,N, requires N, 10-2%). 

The ammonium salt separated as a white pulp when a few drops of 
aqueous ammonia (d 0-880) were added to an alcoholic solution of the 
acid. It is very easily soluble in water, but is rather sparingly 
soluble in glacial acetic acid, from which it crystallises in long, 
slender, colourless prisms (Found: C, 47-3; H, 4:5. C19H,,0,N, 
requires C, 47-6; H, 4:75%); these blacken and decompose at 
220—230°, yielding quinoxaline. 

Quinoxaline-2 : 3-dicarboxylic anhydride (III) separated in very 
pale yellow, long prisms when a solution of 2 g. of the acid in 20 cc. 
of acetic anhydride was cooled (Found: N, 13-9. ©,)H,0,N, 
requires N, 14-0%). It decomposes and chars at 250—260°. 

Quinoxaline-2 : 3-dicarboxyamice Acid (IV).—Dry ammonia was 
passed for several hours through a fine suspension of 8 g. of the 
anhydride (II) in 150 c.c. of benzene. The anhydride gradually 
dissolved and the ammonium salt of the amic acid, which separated 
as a white crystalline powder, was filtered off and dissolved in cold 
water, and the acid (IV) precipitated by addition of dilute hydro. 
chloric acid. It crystallised from alcohol, in which it was moderately 
easily soluble, in small, colourless, rhombic prisms, m. p. 190—195° 
(decomp.) (Found : C, 55-1; H, 3-1; N, 19-4. C,),H,0O,N, requires 
C, 55:3; H, 3-2; N, 19-35%). 

This acid crystallises from acetic acid, in which it is very easily 
soluble, in colourless, compact, hexagonal prisms containing one 
molecule of acetic acid; if heated slowly, the crystals evolve acetic 
acid at about 100°, and melt identically with the acid crystallised 
from alcohol; the crystals slowly effloresce and become opaque on 
exposure to air (Found: loss at 120°, 21-8. C, )H,0,N3,C,H,0, 
requires loss, 21-65%). 

Quinoxaline-2 : 3-dicarboxyimide (V) was prepared by heating the 
above acid at 185° (oil-bath) for 20 minutes and finally at 205°. The 
resulting brown mass crystallised from acetic acid (animal charcoal), | 
in which it was rather sparingly soluble, in very pale yellow, rhombic 
prisms, decomp. about 260° (Found: C, 60-2; H, 2-3; N, 21-2. 
C,)H;0,N, requires C, 60-3; H, 2-5; N, 21-1%). 

The acetyl derivative of the above imide, prepared by crystallising 
3 g. of the acid (IV) from 100 c.c. of boiling acetic anhydride, separ- 
ated in colourless, irregular leaflets, decomp. about 220° (Found: 
C, 59-7; H, 3-0; N, 17-4. C,,H,O,N, requires C, 59-75; H, 2:9; 
N, 17-4%). 

Preparation of Quinoxaline from Quinoxaline-2 : 3-dicarbozylic 
Acid.—The ammonium salt (5 g.) of the acid was heated at 220—240° 
(oil-bath) for $ hour, and the product distilled in steam. Addition of 
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concentrated aqueous caustic potash to the distillate gave quin- 
oxaline in colourless, feathery needles, m. p. 27°, b. p. 225—226° 
(yield, 30%). 

Quinoxaline Mono-tetrachloroiodide——A solution of tetrachloro- 






ugly Bi iodic acid (excess), prepared by passing chlorine through a fine 
Ong, # suspension of 1-5 g. of iodine in 20 c.c. of concentrated hydrochloric 
Ny acid, was added to 0-5 g. of quinoxaline in 2 c.c. of concentrated 
> at B hydrochloric acid. The tetrachloroiodide, which separated im- 





mediately, crystallised from acetic acid (containing a little tetra- 
chloroiodic acid), in which it was moderately easily soluble, in 
bright yellow, rhombic plates, m. p. 125—130° (decomp.) (Found : 
Cl, 35-7. CgH,N,,HICI, requires Cl, 35-5%). It does not lose halogen 
on keeping and can be dried in a desiccator over calcium chloride. 










_ 6-Chloroquinoxaline - 2 : 3-dicarboxy -p -chloro-o-phenylenediamide 
the B and 6-bromoquinoxaline-2 : 3-dicarboxy-p-bromo-o-phenylenediamide 
ally H (formule as 1), prepared in a similar manner to the corresponding 





unsubstituted compound, crystallise from water, in which they are 
rather sparingly soluble, in colourless irregular plates, m. p. 207° 
(decomp.) (Found: N, 15-7; Cl, 19-9. C,,H,O,N,Cl, requires 
N, 15-6; Cl, 19-8%), and 198° (decomp.) (Found: N, 12-35; Br, 
358. C,,H,O,N,Br, requires N, 12-5; Br, 35-7%), respectively. 

The p-chloro-o-phenylenediamine salt of 6-chloroquinoxaline- 
2: 3-dicarboxylic acid and the p-bromo-o-phenylenediamine salt of 
6-bromoquinoxaline-2 : 3-dicarboxylic acid (formule as II), prepared 
in a similar manner to the corresponding unsubstituted compound, 
crystallise from water, in which they are rather sparingly soluble, in 
lemon-yellow, elongated, rhombic plates, m. p. 205° (decomp.) 
(Found: N, 13-9; Cl, 18-0. C,,H,,0,N,Cl, requires N, 14-2; Cl, 
180%), and 199° (decomp.) (Found : C, 39-9; H, 2-6; N, 11-3; Br, 
33:1. C,,H,,O,N,Br, requires C, 39-7; H, 2-5; N, 11-6; Br, 
33-1°%), respectively. 

6-Chloroquinoxaline-2 : 3-dicarboxylic acid (V1) was prepared in a 
similar manner to the corresponding unsubstituted compound. It 
crystallises from water, in which it is moderately easily soluble, in 
small, slender, colourless prisms containing two molecules of water, 
which are lost at 110° (Found: loss, 12-8. C,j)H,;0,N,Cl,2H,O 
requires loss, 12-59%); the anhydrous acid melts at 175° (decomp.) 
(Found : C, 47-7; H, 2-0; N, 10-9; Cl, 13-9. C,)9H,;0,N,Cl requires 
C, 47-5; H, 2-0; N, 11-1; Cl, 14-05%). 

The anhydride (formula as III), prepared by crystallising 2 g. of the 
acid from 20 c.c. of boiling acetic anhydride, separates in very faintly 
yellow, rhombic plates, decomp. 235—240° (Found: Cl, 15-15. 
C,)H,0,N,Cl requires Cl, 15-15%). 

The ethyl hydrogen ester, prepared by dissolving 2 g. of the 
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anhydride in 5 c.c. of boiling alcohol, separates on addition of water 
in colourless, long, slender prisms, m. p. 159° (Found: Cl, 12-6, 
C,,H,O,N,Cl requires Cl, 12-65%). The ethyl ester, prepared by 
boiling 2 g. of the anhydride with 5 c.c. of alcohol, containing 
hydrogen chloride, for 8 hours, crystallises from 25% aqueous 
alcohol, in which it is moderately easily soluble, in small, colourless, 
rhombic plates, m. p. 60° (Found: Cl, 11-4. C,,H,,;0,N,Cl requires 
Cl, 11-5%). 

The ammonium salt, which separates as a white pulp when 
aqueous ammonia (d 0-880) is added to an alcoholic solution of the 
acid, crystallises from acetic acid, in which it is rather sparingly 
soluble, in hair-like needles, decomp. 215—225° (Found: Cl, 12:3. 
Cy 9H,,0,N,Cl requires Cl, 12-4%). 

6-Chloroquinoxaline.—6-Chloroquinoxaline-2 : 3-dicarboxylic acid 
decomposes on being heated to 190°, giving a 20%, yield of 6-chloro- 
quinoxaline. An improved yield is obtained by heating the corre- 
sponding ammonium salt, the method being similar to that employed 
in the preparation of quinoxaline; the 6-chloroquinoxaline was 
isolated by steam distillation and separated from the distillate in 
fine colourless needles, m. p. 60° (Found : C, 58-6; H, 3-1; N, 17-3; 
Cl, 21-6. C,H;N,Cl requires C, 58-4; H, 3-0; N, 17-0; Cl, 21-6%). 

The following bromo-compounds were prepared in a similar manner 
to the corresponding chloro-compounds. 

6-Bromoquinoxaline-2 : 3-dicarboxylic acid (VI) is moderately 
easily soluble in water, from which it separates in small, colourless, 
slender prisms containing two molecules of water which are lost at 
110° (Found : loss, 11-0; Br, 24-05. C,,H,O,N,Br,2H,O requires 
loss, 10-8; Br, 24-0%). The anhydrous acid melts at 172° (decomp.). 

The anhydride (formula as III) crystallises from acetic anhydride 
in very pale yellow, small, flattened prisms, decomp. 235—245° 
(Found: Br, 28-6. C,)H,0,N,Br requires Br, 28-7%). 

The ethyl hydrogen ester is very easily soluble in alcohol, from 
which it separates in very small, colourless, compact, rhombic 
prisms, m. p. 161° (Found: Br, 24:5. C,,.H,O,N,Br requires 
Br, 24-6%). The ethyl ester is moderately easily soluble in 25% 
aqueous alcohol, from which it separates in colourless, long, fiat- 
tened prisms, m. p. 69° (Found: Br, 22-5. C,,H,,0,N,Br requires 
Br, 22-7%). 

The ammonium salt is rather sparingly soluble in acetic acid, from 
which it separates in long, slender, colourless prisms, decomp. 235— 
240° (Found: Br, 23-9. C,9H,,0,N,Br requires Br, 24:2%). 

6-Bromoquinoxaline is easily soluble in water, from which it 
separates in fine colourless needles, m. p. 56° (Found: Br, 38:2. 
C,H,;N,Br requires Br, 38-3%). 
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Oxidation of Quinoxaline-2 : 3-dicarboxylic Acid with Formation of 
Pyrazinetetracarboxylic Acid (VII).—A solution of 5 g. of quinoxaline- 
2: 3-dicarboxylic acid dihydrate (1 mol.) in 60 c.c. of N-potassium 
hydroxide (3 mols.) was heated for 6 hours on a water-bath with 
1000 c.c. of 2% potassium permanganate solution (6 mols.), man- 
ganese dioxide slowly separating. The small excess of permanganate 
was destroyed by a few drops of alcohol, and the solution was 
filtered, concentrated to about 80 c.c., and made just acid with 
hydrochloric acid (about 20 c.c.). Dipotassium dihydrogen pyrazine- 
tetracarboxylate separated as a colourless crystalline precipitate ; 
after being washed with boiling alcohol (to remove any trace of the 
acid), it crystallised from water, in which it was rather sparingly 
soluble, in compact, rhombic prisms (4 g.) (Found: K, 23-6. 
(,H,O,N,K, requires K, 23-5%). 

Pyrazinetetracarboxylic acid was obtained from the acid potass- 
ium salt by crystallisation from 20% hydrochloric acid. It was 
recrystallised from water, in which it was easily soluble, separating 
in colourless, rhombic plates containing two molecules of water; the 
anhydrous acid melts with decomposition at 205° (Found : C, 33-2; 
H, 2:9; N, 9-4. Cale. for C,H,O,N,,2H,O: C, 32:9; H, 2°75; 
N, 96%). 

The tetraethyl ester was prepared by boiling 2 g. of the acid with 
10 c.c. of alcohol, saturated with hydrogen chloride, for 8 hours. On 
addition.of water, the ester separated as a colourless crystalline solid. 
It was recrystallised from alcohol, in which it was easily soluble, 
separating in long, colourless, rhombic prisms, m. p. 104° (Found = 
ZN, 7:5. C,gH, .0,N, requires N, 7-6%). 


Tre QUEEN’s COLLEGE, OxFrorD. [Received, January 25th, 1929.} 





XCIV.—The Stability of Complex Metallic Salts. 
By FREDERICK GEORGE MANN. 


TE stability of the complex metallic salts is commonly con- 
sidered to be based on the electronic structure of the metal when: 
s0 co-ordinated, since the metal in its simple salts, when co-ordin-- 
ating with amine molecules or further acid radicals, endeavours to- 
increase the number of its electrons to that of the next inert gas- 
(Lowry, Chem. and Ind., 1923,1, 318; Sidgwick, J., 1923, 123, 725; 
“The Electronic Theory of Valency,” 1927, 113). If, then, it is- 
assumed that co-ordinated amine, water, sulphide, or other mole-- 
cules are bound to the metal by ‘‘ semi-polar double bonds ”’ (Lowry) 
or ‘co-ordinate links’ (Sidgwick), contributing in each case 2. 
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electrons per molecule to the metal, and that co-ordinated acid 
radicals are bound by covalencies, contributing 1 electron per 
monobasic radical to the metal, a reasonable explanation is afforded 
of the great stability of, e.g., the complex salts of tervalent cobalt 
and rhodium and of quadrivalent platinum, all of co-ordination 
number 6. For instance, cobalt of atomic number 27 requires 9 
electrons to attain the 36 electrons of krypton, and these are obtained 
in the hexammino-series, e.g., [Co(NH;),]Cl,, where the metal gains 
(2 x 6) —3 =9, and in the hexacido-series, ¢.g., Na,[Co(NO,),], 
where it again gains (3+ 6)=9. Quadrivalent platinum, of 
atomic number 78, requires 8 electrons to equal emanation (86), 
and therefore gives compounds such as [Pt(NH;),]|Cl, and Na,[PtCl,], 
in both of which the necessary electrons, (12 — 4) and (2 + 6), 
respectively, are acquired. 

These considerations would explain why, for instance, the com- 
plex salts of tervalent iron are usually less stable than those of 
bivalent iron. Iron, of atomic number 26, requires 10 electrons 
to attain the 36 electrons of krypton. In potassium ferrocyanide, 
K,[FeCy,], these are acquired (4+ 6), but in the ferricyanide, 
K,[FeCy,], the co-ordinated metal is still one short (3 + 6). This 
deficiency is presumably the cause of the comparative instability 
of the ferri-complex salts. Werner prepared and resolved the 
chemically stable tris-««’-dipyridylferrous bromide, [Fe’’(Dpy),]Br, 
(Ber., 1912, 45, 433): on the other hand, the trisethylenediamine- 
ferric salts, [Fe’’’ en,]Cl,, are extremely unstable, and the ferri- 
oxalates, Na,[Fe(C,0,),], merely on exposure to light break down 
to the corresponding ferro-oxalates (Thomas, J., 1921, 119, 1140). 

There are, however, various metals that give at least two series 
of complex salts, in one of which the co-ordinated metal has a 
deficiency, and in the other an excess, of electrons compared with 
the next inert gas. It is usually found in such cases that the 
metal can tolerate a deficiency of electrons more readily than an 
excess, and that the series of salts having an excess of electrons 
is the least stable of all, usually readily reverting to a lower 
series by the loss of co-ordinated addenda. For instance, nickel, 
of atomic number 28, requires 8 electrons to attain the number in 
krypton. In the tetrammino-series, e.g., [Ni(NH,),]JCl,, the metal 
gains only 6, #.e., (8 — 2), and has thus a deficiency of 2 electrons; 
in the hexammino-series, e.g., [Ni(NH,),]Cl,, the metal gains 10, 
i.e., (12 — 2), and has an excess of 2: salts of the hexammino- 
series are generally much less stable than those of the tetrammino- 
series, and usually revert easily to the latter in aqueous solution. 
Again, copper, of atomic number 29, requires similarly 7 electrons. 
In the tetrammino-series, e.g., [Cu(NH;),]Cl,, it has a deficiency of 
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| electron, and in the hexammino-series, e.g., [Cu(NH,),|Cl,, an 
excess of 3: the latter series is much less stable than the former. 

It has recently been shown, however, by the author (J., 1928, 
393) that the stability of salts containing polyamines or other 
“ multidentate ’”? molecules is also dependent on a second factor, 
yiz., the ease with which the polyamine molecule, for purely struc- 
tural reasons, can arrange itself around a complex which may be a 
square OF tetrahedron, an octahedron, or a cube according as the 
metal has a co-ordination number of 4, 6, or 8, respectively. This 
factor, dependent on the molecular structure of the co-ordinating 
addendum, may have a greater effect on the stability of the com- 
plex salt than the former factor, which is dependent on the electronic 
tructure of the metal itself. 

This is well illustrated in the complex metallic salts of «y-tri- 
mminopropane, There is considerable evidence to show that this 
riamine can arrange itself readily and very firmly around the 
co-ordination octahedron (Mann and Pope, Proc. Roy. Soc., 1925, 
4,107, 80; J., 1926, 2675), and thus gives extremely stable salts 
such as bistriaminopropanecobaltic chloride, 

[{NH,-CH,*CH(NH,)-CH,"NH,},Co]Cl,, 
ud the corresponding bistriaminopropanerhodium trichloride. 
When, however, nickel chloride is treated with triaminopropane 
in any proportion, the bistriaminopropanenickelous salt, ¢.g., 
(NH,°CH,-CH(NH,)-CH,°NH,},NiJl,, is always formed. Here the 
metal, of co-ordination number 6, has an excess of 2 electrons, and 
he salt should therefore be very unstable: actually it is extremely 
stable, and shows no sign of degradation to a salt of co-ordination 
lumber 4, such, e.g., aS monoaquotriaminopropanenickelous iodide, 
H,O{NH,°CH,°CH(NH,)-CH,°NH,}NiJI,. Again, bivalent platinum 
las the characteristic co-ordination number of 4, e.g., [Pt(NH,),]Cl,, 
pnd in this series the metal has a deficiency of 2 electrons. It has 
been shown, however (Mann, J., 1928, 890), that with triamino- 
propane, bivalent platinum gives salts such as bistriaminopropane- 
latinous iodide, [{{NH,*CH,*-CH(NH,)-CH,°NH,},Pt]I,: these are 
he only salts known in which bivalent platinum has a co-ordination 
humber of 6, and, since the metal has an excess of 2 electrons, they 
thould be very unstable. Actually they are remarkably stable, 
ind can be recrystallised repeatedly from boiling water. The 
tability of these nickel and platinous salts is therefore to be 
ittributed primarily to the ease with which the triaminopropane 
molecule can co-ordinate around the octahedron: the metal in 
ach case has adopted the exceptional co-ordination number of 6 
n order to provide the octahedron necessary for maximum stability 
bf the completed complex salt. 
AA 
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The possibility that in salts of this type the metal has a co-ordip. 
ation number of 4, and not of 6, being bound to only two of the 
three amino-groups in each molecule of the base, has already been 
discussed and disproved (Mann, loc. cit., p. 893). When such salts 
separate from aqueous solution, each of the free and unco-ordinated 
amino-groups would almost undoubtedly add on a molecule of 
water to give a substituted ammonium hydroxide. Moreover, 
such salts, on treatment in solution with an excess of picric acid, 
should give a tetrapicrate, since in addition to the complex forming 
a dipicrate, each free amino-group would also combine with a 
molecule of picric acid. It has been shown, however, that when, 
e.g., bistriaminopropaneplatinous iodide is treated with picric acid, 
a dipicrate alone results, showing conclusively that all six amino- 
groups are co-ordinated to the metal. 

Further evidence of the stability of this 6-co-ordination grouping 
has now been obtained by investigating the complex salts of tri- 
aminopropane with other bivalent metals. Zinc, of atomic number 
30, requires 6 electrons to attain the number in krypton. In the 
tetrammino-series, e.g., [Zn(NH;,),|Cl,, these are obtained (8 — 2), 
and the salts of this series are of moderate stability. In the 
hexammino-series, e.g., [Zn(NH,),]Cl,, the metal has an excess of 
4 electrons, and the salt is in consequence extremely unstable: 
in fact, it exists only in the solid state, and even on exposure to 
air loses ammonia, reverting to a salt of the lower series. With 
triaminopropane, however, zinc readily unites to give salts such as 
bistriaminopropanezinc iodide, 

[{NH,-CH,-CH(NH,)-CH,-NH,},Zn]I, : 
here again the metal has a co-ordination number of 6 and an excess 
of 4 electrons, yet the salt is extremely stable and, like the above 
nickelous and platinous salts, can be recrystallised repeatedly from 
boiling water without change. 

The reactions of bivalent palladium with the triamine are (as 
might be expected) precisely similar to those of bivalent platinum 
Palladium, of atomic number 46, requires 8 electrons to attain the 
state of xenon. The quadrivalent metal has a co-ordination numbe 
of 6, and in compounds such as [Pd(NH,),|Cl, acquires the requisite 
8 electrons (6 x 2— 4). The bivalent metal has, like platinum 
the characteristic co-ordination number 4, and in compounds suci 
as [Pd(NH,),|Cl, has therefore a deficiency of 2 electrons. Witl 
triaminopropane, however, it gives compounds such as bistriamino 
propanepalladous iodide, [{NH,*CH,*CH(NH,)-CH,*NH,},Pd]l, : her 
the bivalent metal has a co-ordination number of 6, and an exces 
of 2 electrons, yet in spite of the latter factor the salt is ver 
stable. These compounds, again, are the only known derivative 





mone 
ing | 
atom 
form 
very 


MANN: THE STABILITY OF COMPLEX METALLIC SALTS. 655 


of bivalent palladium in which the metal shows a. co-ordination 
number of 6. 

It follows, therefore, that bivalent nickel, zinc, platinum, and 
palladium give complex salts with triaminopropane in all of which 
the metal shows the unusual (and, for the last two metals, quite 
abnormal) co-ordination number of 6. In each case, the co-ordin- 
ated metal has electrons in excess of the number in the next 
inert gas—a condition normally causing considerable instability. 
Actually, all these salts possess great stability, due presumably 
to the very firm attachment of the triamine molecule around the 
6-co-ordination octahedron, a factor outweighing the former in its 
effect on the stability of the complex salt. 

Bivalent palladium also unites with the triamine to give bis(éri- 
aminopropane-monothiocyanate)palladous dithiocyanate (I), in which 
the metal has its normal co-ordination number of 4 and each mole- 
cule of the triamine is co-ordinated by only two of its three amino- 
groups, the third group being free to form a salt with further 
hydrogen thiocyanate. This compound is identical in type with 
the platinous salt already described (loc. cit., p. 892), and its stereo- 
chemistry has been fully described. 


CH,-NH,,HSCN CH,-NH,,HCl 


NH,CH,-CH-NH, | 


(SCN), 


H,"NH,,HSCN 


Cadmium, however, does not behave like the above four bivalent 
metals, inasmuch as it, like bivalent copper, shows a co-ordination 
number of 4 in all its complex salts with triaminopropane. For 
instance, it forms a series of salts such as tetrakistriaminopropane- 
triscadmium hexaiodide, [{NH,*CH,*CH(NH,)-CH,*NH,},Cdg]I,, 
identical in type with the cupric salts already described (J., 1926, 
2682). These salts are unstable, and on being warmed with water 
readily lose part of the base to give very stable and slightly soluble 
salts such as monoiodotriaminopropanecadmium monoiodide, 

[If{NH,-CH,*CH(NH,)*CH,"NH,}Cd]I. 
The metal also gives salts such as dithiocyanato(triaminopropane- 
monohydrochloride)cadmium (II). This salt, like the correspond- 
ing platinous salt (J., 1928, 890), contains an asymmetric $-carbon 
atom, and should therefore be resolvable into optically active 
forms. Since it tends to lose hydrogen chloride, however, giving the 
very stable monothiocyanatotriaminopropanecadmium monothio- 
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cyanate, (SCN{NH,°CH,-CH(NH,)-CH,"NH,}Cd]SCN, its resolution 
was not attempted. 

A further example of the stability of the complex salts of 
certain polyamines is furnished by $§’8’’-triaminotriethylamine, 
N(C,H,°-NH,),. Mann and Pope showed (J., 1926, 482) that this 
tetramine combines with nickel salts to give tristriaminotriethy]- 
aminebisnickelous tetraiodide, [{N(C,H,-NH,)3},Ni,]I,. Here, 
again, the nickel has a co-ordination number of 6, and an excess 
of 2 electrons, yet this salt and the corresponding tetrabromide are 
extremely stable and may be recrystallised repeatedly from boiling 
water without change. 


EXPERIMENTAL. 


In the following formule, the symbol “ ptn’ 
molecule of «Sy-triaminopropane. 
Bistriaminopropanezinc Iodide, [Zn ptn,|Il,.—Triaminopropane tri- 
hydrochloride (6-6 g.; 3 mols.), dissolved in 15°%, sodium hydroxide 
solution (24 c.c.), is added with stirring to a solution of zinc nitrate 
(3 g.) in water (40 c.c.). The white precipitate which is first formed 
rapidly redissolves, and the clear solution is concentrated on the 
water-bath, chilled, and filtered. The addition of concentrated 
potassium iodide solution gives a crystalline precipitate, which, 
when recrystallised from water, gives the above iodide as fine white 
crystals; these have no melting point, but decompose slowly between 
255° and 270° (Found: C, 14-6; H, 4:5; I, 50-6, C,H,.N,I,Zn 
requires C, 14-5; H, 4-4; I, 51-0%). 
Bistriaminopropanepalladous Iodide, [Pd ptn,|1,—A solution of 
ammonium chloropalladite (15 g.) in water (200 c.c.) is slowly 
added to a solution of triaminopropane trihydrochloride (34-5 g.; 
3 mols.) in 15% sodium hydroxide solution (127 c.c.); the whitish- 
yellow precipitate produced rapidly redissolves. The clear solution 
is concentrated on the water-bath, much ammonia being given 
off, and is then chilled and treated with saturated potassium iodide 
solution, a fine white powder being steadily deposited: after 24 
hours, this is collected, and recrystallised three times from hot 
water to eliminate traces of potassium iodide. The above iodide 
is thus obtained as a fine, white, crystalline powder, m. p. 230° 
(decomp.), freely soluble in cold water (Found: C, 13-3; H, 40; 
I, 46-9; Pd, 20-0. C,H,.N,I,Pd requires C, 13-3; H, 41; 1 
47-1; Pd, 19-8%). 
Bis(triaminopropane-monothiocyanate)palladous Dithiocyanate (I). 
—The clear concentrated solution obtained in the preparation of the 
above iodide is treated with a concentrated solution of potassium thio- 
cyanate containing free acetic acid. A voluminous white precipitate 


> 


represents one 
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slowly separates: this is recrystallised three times from hot water, 
the solid product being each time thoroughly drained by suction 
to remove the last trace of potassium thiocyanate solution, which 
is held very tenaciously by the crystalline substance. The dithio- 
cyanate is obtained as a fine white crystalline powder, m. p. 166— 
168° (decomp.), freely soluble in water (Found: C, 22-9; H, 4-7; 
N, 27:3; Pd, 20-5; SCN, 44:5. Cy, 9H.4Ni95,Pd requires C, 23-1; 
H, 4:7; N, 27-0; Pd, 20-6; 4SCN, 44-:7%). 

Tetrakistriaminopropanetriscadmium Hexaiodide, (Cd, ptn,}Il,.—A 
solution of hydrated cadmium chloride (4 g.) in water (20 c.c.) is 
slowly added to a solution of triaminopropane trihydrochloride 
(12 g.; 3 mols.) in 15% sodium hydroxide solution (44-4 c.c.). 
The white precipitate formed rapidly redissolves, and the clear 
solution, after 1 hour, is treated with saturated potassium iodide 
solution. The heavy white crystals which slowly separate are 
washed with much cold water and dried in a vacuum over sulphuric 
acid (Found: C, 9-9; H, 3-3; N, 11-6; I, 52-2. C,.H,N,.I,Cd, 
requires C, 9-9; H, 3-1; N, 11-6; I, 52-35%). The crystalline 
hexaiodide is only slightly soluble in cold water, in which it is quite 
stable: boiling water, however, converts it into the monoiodide 
described below. 

The corresponding hexabromide, (Cd, ptny|Br,g,3H,O, is prepared 
by treating the clear solution, obtained in the preparation of the 
above hexaiodide, with saturated sodium bromide solution. The 
white crystals of the hexabromide separate very slowly in the 
course of several days: they are washed with cold water and dried 
(Found: N, 13-7; Br, 39-1. C,,H,,N,.BrgCd3,3H,O requires N, 
13:7; Br, 39-1%). 

Monoiodotriaminopropanecadmium monoiodide, [I ptnCd]l, is 
obtained by adding the above hexaiodide to much boiling water. 
The clear solution is rapidly filtered, and the monoiodide separates 
in large white crystals, m. p. 210—213°, only slightly soluble in 
boiling water (Found : C, 7-9; H, 2-5; N, 9-3; 1, 55-8. C,H,,N,I,Cd 
requires C, 7-9; H, 2-4; N, 9-2; I, 55-7%). 

Monobromotriaminopropanecadmium monobromide, [Br ptn Cd]Br, 
is obtained similarly by treating the hexabromide with boiling 
water, and separates as white crystals, m. p. 221—223° (decomp.) 
(Found: C, 99; H, 3:35; N, 11-6; Br, 44-3. C,H,,N,Br,Cd 
requires C, 10-0; H, 3-1; N, 11-6; Br, 44-2%). 

Monothiocyanatotriaminopropanecadmium Monothiocyanate, 
(SCN ptn Cd]SCN.—If the clear solution obtained by treating the 
base with cadmium chloride (as in the preparation of the hexa- 
iodide) is treated with potassium thiocyanate solution, no trace 
of a corresponding hexathiocyanate can be detected. The addition 
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of the potassium salt gives a white precipitate, which dissolves 
readily in excess of thiocyanate. The clear solution obtained 
slowly deposits large white crystals of the above monothiocyanat: : 
these are almost insoluble in cold water, and only slightly soluble 
in boiling water, from which they crystallise unchanged in com. 
position, and of m. p. 201—202° (decomp.) (Found : for the crude 
material, N, 22-3; for the recrystallised material, N, 22-1; S, 20-1. 
C;H,,N;S,Cd requires N, 22-1; 8, 20-2%). This compound jis 
extremely stable, and in the estimation of sulphur by Carius’s 
method the heating with nitric acid must be continued for 12 hours 
at 260° to ensure conversion of all the sulphur into sulphuric acid. 

Dithiocyanato(triaminopropane-monohydrochloride)cadmium (I1).— 
The clear solution obtained as before is treated with potassium 
thiocyanate solution containing free acetic acid. Large colourless 
crystals slowly separate: after 24 hours, these are collected and 
recrystallised twice from hot water. The compound is thus obtained 
as fine white crystals, m. p. 150—154° (decomp.), moderately 
easily soluble in water: if the hot aqueous solution is cooled too 
rapidly, the compound separates as an oil (Found : C, 17-0; H, 3-4; 
N, 19-9; SCN + Cl, 42-5. C;H,,N;CIS,Cd requires C, 17-0; H, 
3-4; N, 19-8; 2SCN + Cl, 42-8%). The compound on exposure 
to air slowly loses hydrogen chloride, apparently with the formation 
of the monothiocyanate described above. 


THE UNIverRsity CHEMICAL LABORATORY, 
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XCV.—Synthetical Experiments on the Aporphine 
Alkaloids. Part V. Laurotetanine. Syntheses 
of 2:3:6:7- and 3:4:6: 7-Tetramethoxyapor- 
phines. 


By Ropert KENNETH CaLLow, JoHN Masson GULLAND, and 
RoBEerRtT Downs. Hawortu. 


Gorter (Bull. Jard. bot. Buitenzorg, 1921, [iii], 3, 180) assigned 
the constitution (I) to laurotetanine, an aporphine alkaloid which 
causes tetanic convulsions when injected. It has been isolated 
from the bark of various Lauraceae, particularly from Litsea species 
native to Java (Greshoff, “‘ Verslag v.h. onderzoek v.d. Planten- 
stoffen Ned. Indie,” 1890, 98; Ber., 1890, 23, 3537; Filippo, Arch. 
Pharm., 1898, 236, 601). Gorter prepared from laurotetanine 4 
substance which he regarded as the dimethyl derivative, and 
named isoglaucine: The similarity in chemical and physiological 
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properties of ¢soglaucine and glaucine (III) (Gadamer, Arch. Pharm., 
1911, 249, 680) suggested to Gorter that the two bases must con- 
tain the same carbon skeleton, and he assigned the constitution 
(II) to isoglaucine. The positions of the oxygen atoms in this 
structure were deduced from two considerations. In the first 
place, the oxidation of laurotetanine by alkaline permanganate 
yielded 1: 2-dimethoxybenzene-3 : 4: 5-tricarboxylic acid, thus 
establishing the relative positions of the methoxy-groups in ring 
Il. This acid might be obtained with equal ease from the base 
(I), where the methoxyls are in the 6 : 7-positions, or from a sub- 
stance of the nature of glaucine, in which the methoxyls are in 
the 5 : 6-positions, and Gorter based his choice of the 6 : 7-positions 
on the fact that tsoglaucine appeared to differ both from glaucine 
and from corytuberine dimethyl ether (III, but with methoxyls in 
the 3: 4-positions). Secondly, the close similarity of the colour 
reactions exhibited by isoglaucine with those shown by glaucine 
convinced Gorter that the arrangement of the methoxyl groups in 
ring I was that present in glaucine. 


MeO MeO 


MeO Es 
H H, 


2 

CH CH 

ie —_ MeO ¢” \nMe 
\CH,” ” 008) on, H, 


(II.) (III.) 


II 


The recent investigations of Barger and Silberschmidt (J., 1928, 
2919) and of Spath and Strauhal (Ber., 1928, 61, 2395) have shown 
that tsoglaucine was in reality impure glaucine, and therefore did 
not contain the vicinal homocatechol group in ring III. Some 
time before the appearance of these results, theoretical consider- 
ations had convinced us that this vicinal arrangement does not occur 
in the aporphine series, and it then became evident that syntheses 
of 2: 3:6: '7-tetramethoxyaporphine (II) and of 3: 4:6 : 7-tetra- 
methoxyaporphine (IV) would be of great value in elucidating the 
true nature of laurotetanine. The inclusion of the base (IV) as a 
possible structure of isoglaucine was the result of a comprehensive 

en-@ comparison of the colour reactions of the aporphines (p. 669), 
‘Bvhich made it evident that the colours developed by the base (II) 
need not necessarily be those exhibited by glaucine, and conse- 
quently that reliance could not be placed on Gorter’s assumption 

as to the position of the oxygen atoms in ring I. 2:3:6:7-Tetra- 
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methoxyaporphine and 3:4:6:7-tetramethoxyaporphine have 
therefore been prepared synthetically. As is to be expected in 
the light of the work of Barger and of Spath, neither substance 
resembles isoglaucine. 


MeO MeO 


MeO MeO MeO, 
Me \ 
2 No, CH, NH, 9H; 
co CH 


\nH \wie 
/CH, Me / cH, / ©: 
MeO 


MeO CH, 
(IV.) (V.) (VI.) 


6-Nitro-3 : 4-dimethoxyphenylacetic acid was prepared both by 
the nitration of 3: 4-dimethoxyphenylacetic acid, and also from 
6-nitrohomoveratrole by a modification of the method of Oxford 
and Raper (J., 1927, 417). §-2:3-Dimethoxyphenylethylamine 
was obtained as described by Haworth (J., 1927, 2282) from 8-2 : 3. 
dimethoxyphenylpropionic acid (Perkin and Robinson, J., 1914, 
105, 2387) and the corresponding amide. The last substance was 
also prepared from methyl 8-2 : 3-dimethoxyphenylpropionate by 
the action of concentrated ammonia solution. 

Some difficulty was experienced in preparing 6’-nitro-3’ : 4’-di- 
methoxy phenylaceto-8-2 : 3-dimethoxyphenylethylamide (V), owing to 
the instability of 6-nitro-3 : 4-dimethoxyphenylacetyl chloride. 
Since this behaviour is unlike that of 2-nitro-3 : 4-dimethoxyphenyl- 
acetyl chloride (Part II, J., 1928, 1132), it would seem that this is 
an example of the greatly enhanced reactivity of the methyl group 
of 6-nitrohomoveratrole derivatives as compared with those of 
2-nitrohomoveratrole (compare Part I, J., 1928, 581), and that 
the formation of 6-nitro-3 : 4-dimethoxyphenylacetyl chloride is 
followed by the interaction of the carboxy] chloride with the activ- 
ated methylene group of another molecule. Yet a further example 
of this difference in activity was observed during an attempt to 
prepare the amide (V) by heating a mixture of 6-nitro-3 : 4-di- 
methoxyphenylacetic acid and §-2 : 3-dimethoxyphenylethylamine 
At about 130°, carbon dioxide was smoothly evolved, and pure 
6-nitrohomoveratrole remained in theoretical yield. In a paralle 
experiment, no reaction took place between 2-nitro-3 : 4-dimeth- 
oxyphenylacetic acid and §-2 : 3-dimethoxyphenylethylamine belov 
175°, and when the temperature was raised above this point n0 
homogeneous material could be isolated. Ultimately, the amide 
(V) was obtained by adding a chloroform solution of the acid 
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chloride (prepared by means of phosphorus pentachloride, and 
containing phosphorus oxychloride) to a mixture of a chloroform 
solution of 8-2 : 3-dimethoxyphenylethylamine and a dilute aqueous 
solution of sodium hydroxide. 

The action of phosphorus pentachloride in cold chloroform 
solution converted the amide (V) into 6’-nttro-3’ : 4’ : 5 : 6-tetra- 
methoxy-1-benzyl-3 : 4-dihydroisoquinoline. The methiodide of this 
base was reduced by means of zine dust and hydrochloric acid to 
6’-amino-3’ : 4’ : 5 : 6-tetramethoxy-1-benzyl-2-methyl-1 : 2 : 3 : 4-tetra- 
hydroisoquinoline (V1), which was isolated as the crystalline dihydro- 
chloride, and yielded dl-2 : 3 : 6 : 7-tetramethoxyaporphine (II) when 
diazotised in methyl-alcoholic sulphuric acid. Attempts to resolve 
this base by means of d- and I/-tartaric acids were unsuccessful. 
The colours developed with sulphuric acid, nitric acid, Mandelin’s, 
Fréhde’s, and Erdmann’s reagents did not resemble those described 
by Gorter for isoglaucine. 


MeO, MeO MeO 
MeO MeO MeO \ 
NO, CH, CH, 
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2'-Nitro-3' : 4'-dimethoxyphenylaceto-8-2 : 3-dimethoxyphenylethyl- 
amide (VII), prepared by the interaction of 2-nitro-3 : 4-dimethoxy- 
phenylacetyl chloride (Part II, J., 1928, 1132) with @-2 : 3-dimeth- 
oxyphenylethylamine, yielded 2’-nitro-3' : 4’ : 5 : 6-tetramethoxy-1- 
benzyl-3 : 4-dihydroisoquinoline (VIII) when submitted to the action 
of phosphorus pentachloride in cold chloroform solution. The 
reduction of the methiodide of this base by means of zinc dust and 
hydrochloric acid produced crystalline 2’'-amino-3’ : 4’ : 5 : 6-tetra- 
methoxy-1-benzyl-2-methyltetrahydroisoquinoline (IX), which was con- 
verted into dl-3: 4:6: 7-tetramethoxyaporphine (IV) by diazotis- 
ation in methyl-alcoholic sulphuric acid. This dl-base was purified 
by conversion into the crystalline hydriodide and, after being 
regenerated from this salt, crystallised readily from ligroin. The 
resolution of the dl-base by means of d- and l-tartaric acids 
yielded d-3 : 4: 6: 7-tetramethoxyaporphine hydrogen d-tartrate and 
|-3:4:6: 7-tetramethoxyaporphine hydrogen |-tartrate in crystalline 
condition, and from these salts were isolated d-3: 4: 6: 7-tetra- 
methoxyaporphine, m. p. 125—125-5°, [a]i’ 168°, and 1-3: 4:6: 7- 

AA2 
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tetramethoxyaporphine, m. p. 125-5—126°, [a] — 167°. The 
crystalline methiodide was readily obtained by heating the /-base 
with methyl iodide. 


EXPERIMENTAL, 

8-2 : 3-Dimethoxyphenylpropionamide was obtained in 95%, of 
the theoretical yield by the interaction of the acid chloride with 
ammonia (Haworth, loc. cit.), and also, in lower yield, by the inter- 
action of the methyl ester with ammonia. {-2 : 3-Dimethoxy- 
phenylpropionic acid (35 g.) was heated under reflux for 3 hours 
with an excess of methyl alcohol containing hydrogen chloride. 
The liquid was poured into brine, and the oily ester completely 
extracted with sodium carbonate, dried, and distilled, finally under 
reduced pressure. Methyl 8-2 : 3-dimethoxyphenylpropionate passed 
over at 166—176°/15 mm. The ester (28 g.) and concentrated 
aqueous ammonia (250 c.c.) were shaken together for 40 hours; 
the clear solution obtained yielded crystals of the amide (15-1 g.) 
when evaporated in an open basin to remove excess of ammonia. 
The amide crystallised from light petroleum in colourless needles, 
m. p. 98—99°, b. p. 233—235°/16 mm. It was converted into 
8-2 : 3-dimethoxyphenylethylamine, b. p. 158—159°/25 mm., in 
the manner described by Haworth (loc. cit.). (In the description 
there given, p. 2283, line 1, 33 g. should read 3-3 g.) 

In the preparation of 6-nitro-3 : 4-dimethoxyphenylacetic acid 
by the method of Oxford and Raper (loc. cit.), the yield of 6-nitro- 
3: 4-dimethoxyphenylpyruvic acid was improved by increasing 
the proportions of potassium ethoxide and ethyl oxalate to 6-nitro- 
homoveratrole. The quantities used by Oxford and Raper for 
50 g. of 6-nitrohomoveratrole were used for 41 g., and the yield 
(42 g.) rose from 60% to 77% of the theoretical. 

The process for the conversion of the phenylpyruvic acid into 
the phenylacetic acid was also modified. ‘‘ Perhydrol’’ was slowly 
added to an ice-cold solution of 6-nitro-3 : 4-dimethoxyphenyl- 
pyruvic acid (42 g.) in 2N-sodium hydroxide (300 c.c.) until the 
violet colour was discharged. A small quantity of white slimy 
material was removed, and acidification of the filtrate with dilute 
sulphuric acid yielded 6-nitro-3 : 4-dimethoxyphenylacetic acid, 
m. p. 203—204° (31 g.; 83% of the theoretical yield). When 
crystallised from alcohol, this acid formed brown needles, m. p. 
206—207°. ; 

The preparation of 6-nitro-3 : 4-dimethoxyphenylacetic acid by 
nitration was performed as follows: A mixture of 3 : 4-dimethoxy- 
phenylacetic acid (36 g.) and glacial acetic acid (80 c.c.) was stirred 
mechanically and cooled in ice. Fuming nitric acid (24.¢.c.) in 
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acetic acid (20 c.c.) was added slowly, and the mixture poured into 
water. The precipitated acid was dried; it crystallised from glacial 
acetic acid in faintly yellow needles, m. p. 206—207°, or from ethyl 
acetate in colourless needles having the same melting point (Found : 
C, 50-0; H, 48. Cale. for C,,H,,0,N: C, 49-8; H, 46%). It 
was very sparingly soluble in benzene, chloroform, and cold water, 
and sparingly soluble in glacial acetic acid and ethyl acetate. 
Oxford and Raper record the melting point as 202—204°, and state 
that the acid is readily soluble in glacial acetic acid and in ethyl 
acetate. The specimen prepared by their method was identical 
in every respect with that just described. 

6'-Nitro-3' : 4'-dimethoxyphenylaceto-8-2 : 3-dimethoxyphenylethyl- 
amide (V).—Preliminary experiments showed that 6-nitro-3 : 4- 
dimethoxyphenylacetyl chloride could not be prepared in the same 
way as the 2-nitro-derivative. When the mixture of the acid with 
thionyl chloride in benzene was gently warmed, decomposition 
occurred, accompanied by blackening, and no crystalline amide 
could be prepared from the product obtained after removal of 
thionyl chloride. The chloride appeared to be formed when slightly 
more than one molecular proportion of phosphorus pentachloride 
was added to a suspension of the acid in chloroform. Heating or 
the addition of pyridine to this solution caused decomposition, 
since the liquid darkened considerably, and no amide could be 
separated from the tarry product obtained after the addition of 
3-2 : 3-dimethoxyphenylethylamine and treatment in the usual 
way. Some of the desired product was obtained, however, by the 
addition of an excess of the amine to the solution containing the 
acid chloride, and finally the following process was adopted. The 
acid (13-1 g.) was suspended in dry chloroform, and phosphorus 
pentachloride (25 g.) gradually added. After being shaken for 
20 minutes, all the phosphorus pentachloride and acid had passed 
into solution, and the liquid was then added slowly to a vigorously 
stirred mixture of the amine (12 g.) in chloroform (50 c.c.) and dilute 
aqueous sodium hydroxide (250 c.c. of 2N-solution and 400 c.c. of 
water) which was cooled in ice. After about 20 minutes, the 
chloroform was separated, the aqueous layer extracted with chloro- 
form, and the combined chloroform solutions were washed with 
dilute acid, dried, and evaporated. The residual gum was dissolved 
in hot methyl alcohol, and on cooling, the product separated in 
colourless needles (9-5 g.). When recrystallised from methyl alcobol 
and from benzene, 6’-nitro-3' : 4'-dimethoxyphenylaceto-B-2 : 3-dimeth- 
oryphenylethylamide separated as needles, m. p. 144-5—145-5° 
(Found : C, 59-8; H, 6-2. C,,H,,0,N, requires C, 59-4; H, 5-9%). 

6'-Nitro-3’' : 4’ : 5 : 6-tetramethoxy-1-benzyl-3 : 4-dihydroisoquinoline. 
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—A mixture of the amide (9-5 g.) and a solution of phosphorus 
pentachloride (11 g.) in chloroform (60 c.c.) was kept in a closed 
vessel. Separation of nodular crystals began after 3 days and 
appeared to be complete after 4 days. The mixture was poured 
into dilute hydrochloric acid, the chloroform evaporated by heat- 
ing, and the residual tar removed by filtration. When the filtrate 
was made alkaline with ammonia, a tar was precipitated which 
soon solidified (6 g.). After crystallisation from methyl alcohol, 
in which it was sparingly soluble, and from benzene, in which it 
dissolved rather readily, 6’-nitro-3' : 4’ : 5 : 6-tetramethoxy-1-benzyl. 
3: 4-dihydroisoquinoline was obtained as colourless prisms, m. p. 
187-5—189-5° (Found: C, 62:2; H, 5-9. Cj 9H,.O,N, requires 
C, 62-2; H, 5-7%). This substance melted to a deep red liquid, 
and the colour faded on resolidification. The formation of the 
isoquinoline was incomplete, since the tar which was insoluble in 
hydrochloric acid yielded 1-0 g. of unchanged amide on treatment 
with methyl alcohol. 

The methiodide was prepared by heating the base (3-1 g.) with 
purified methyl iodide under reflux for 12 hours, and separated as 
yellow crystals (4-95 g.), m. p. 111° (decomp. with effervescence). 
Good analytical figures could not be obtained for this substance. 
When recrystallised from absolute alcohol, it separated as an oil, 
which solidified only when rubbed. This solid, m. p. 146—147° 
(with decomposition to a red liquid, after softening at 140°), was 
dried in a vacuum (Found: C, 50-2; H, 5-3. C,,H,,;O,N,I requires 
C, 47:7; H, 4:7%). The solution in alcohol was red, and when 
crystallisation took place slowly in a not too concentrated solution, 
a mixture of yellow and red crystals separated, m. p. 115—124° 
(decomp.). An apparently homogeneous product was slowly pre- 
cipitated as a yellow powder, m. p. 146—148° (decomp. ; softening 
at 140°), when an excess of benzene was added to a solution of the 
methiodide in absolute alcohol (Found: C, 49-6; H, 5-4%). The 
analytical figures do not correspond to any simple addition of 
solvent. When heated at 100°, the substance darkened slowly and 
the m. p. fell to 108—120° (decomp. at 137°). The addition of 
ammonia to an aqueous solution of the methiodide precipitated 
reddish-purple flocks. These formed a bright red solution in 
benzene (compare the behaviour of the 2’-nitro-derivative, p. 667), 
and were probably 6'-nitro-3’: 4’ : 5 : 6-tetramethoxy-1-benzyl- 
idene-2-methyltetrahydroisoquinoline, since the methiodide was 
regenerated by the action of hydriodic acid. 

6’-Amino-3’ : 4’ : 5 : 6-tetramethoxy-1-benzyl-2-methyl-1 : 2 : 3 : 4- 
tetrahydroisoquinoline (V1).—The methiodide (3-5 g.) was suspended 
in a mixture of concentrated hydrochloric acid (80 c.c.) and water 
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(35 c.c.), heated on the water-bath, and zinc dust (25 g.) added 
slowly until the solution was decolorised. The filtered solution 
was basified with an excess of ammonia, and the mixture extracted 
thoroughly with ether. Evaporation of the ethereal solution 
yielded a gum, which could not be induced to crystallise and was 
therefore dissolved in chloroform and converted into the dihydro- 
chloride by means of hydrogen chloride. The addition of ether 
precipitated a copious white solid (2-2 g.). When purified by 
two recrystallisations from absolute alcohol, 6’-amino-3’ : 4’ : 5 : 6- 
tetrramethoxy-1-benzyl-2-methyltetrahydroisoquinoline dihydrochloride 
formed microscopic short needles, m. p. 233-5—235° (decomp.) 
(Found: C, 56-7; H, 6-8. C,,H,,0,N,,2HCl requires C, 56-6; 
H, 68%). The addition of sodium nitrite to the solution in dilute 
hydrochloric acid caused the development of a deep blue coloration, 
which faded in a few minutes through blue-green to yellow. A 
red precipitate of an azo-dye was obtained when this solution was 
added to an alkaline solution of $-naphthol. 

dl-2:3:6:7-Tetramethoxyaporphine (II).—A solution of the 
preceding dihydrochloride (1-94 g.) in a mixture of methyl alcohol 
(10 c.c.) and 2N-sulphuric acid (10 c.c.) cooled in a freezing mixture 
was diazotised with the calculated quantity of sodium nitrite 
solution. After being kept at the ordinary temperature for 2 hours, 
the solution was boiled under reflux for 1 hour, concentrated hydro- 
chloric acid (3 c.c.) added, and the mixture reduced by the gradual 
addition of zine dust (1 g.). From the filtered solution, rendered 
alkaline with an excess of sodium hydroxide, ether extracted a 
gum. This was dissolved in dilute hydrochloric acid, an excess 
of sodium iodide added, the supernatant liquid poured off, and the 
precipitated gum stirred with alcohol; the crude hydriodide, thus 
obtained as a white powder (0-55 g.), melted at 227-5—230-5° 
(decomp. ; after darkening above 200°). When the hydriodide was 
ground with sodium hydroxide solution, a brown viscous oil was 
formed; this was extracted with chloroform, and the extract 
dried and evaporated. dl-2 : 3:6: 7-Tetramethoxyaporphine, m. p. 
115-5—116-5°, was obtained in very pale yellow nodules from the 
gummy residue by repeated recrystallisation from light petroleum 
(b. p. 60—80°) (Found, by microanalysis: C, 71-0; H, 6-9. 
C,,H,,0,N requires C, 71-0; H, 7-0%). The methiodide, obtained 
as a colourless solid when the base was warmed with a little alcohol 
and excess of methyl iodide, was freed from solvent by heating on 
the water-bath ; it crystallised from much methyl alcohol in needles, 
m. p. 204—208°. 

An attempt was made to resolve the dl-base by forming the 
hydrogen d-tartrate, but this could only be obtained as a gum. 
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By a fractional separation from absolute alcohol, and the con. 
version of the more soluble fraction into the hydrogen I-tartrate, a 
second gum was obtained which did not become crystalline by 
repeated separations from absolute alcohol. Both yielded the 
unchanged base, m. p. 115-5—116-5°, which showed no evidence of 
optical activity. 

The following colour reactions were given by the dl-base : 


Concentrated sulphuric acid: Emerald-green, becoming intensely green on 
warming, and red on dilution. 

Concentrated nitric acid : Indigo, becoming deep purple and _ finally 
brown on warming. 

Fréhde’s reagent : Colourless. 

Erdmann’s reagent : Deep reddish-purple. 

Mandelin’s reagent : Transient green, becoming reddish-purple and 
finally brown. 


2'-Nitro-3' : 4'-dimethoxyphenylaceto-8-2 : 3-dimethoxyphenylethyl. 
amide (VII)—To a cooled solution of §$-2 : 3-dimethoxyphenyl- 
ethylamine (14 g.) in dry benzene (30 c.c.), a solution of 2-nitro. 
3 : 4-dimethoxyphenylacetyl chloride (from 19 g. of the acid) in 
dry benzene (70 c.c.) was slowly added, followed by a slight excess 
of 2N-sodium hydroxide. The benzene layer was separated, the 
aqueous layer again extracted with benzene, and the combined 
extracts washed with dilute acid and with water and evaporated. 
The tarry residue was with some difficulty induced to crystallise 
by rubbing with methyl alcohol (yield, 26 @ ; m. p. 81—89°). After 
recrystallisation from a small quantity of methyl alcohol and from 
60% ethyl alcohol, 2’-nitro-3’ : 4’-dimethoxyphenylaceto-B-2 : 3-di- 
methoxyphenylethylamide was obtained as colourless needles, m. p. 
95—96° (Found: N, 6-7. C,9H,,0,N, requires N, 6-9%). It was 
very soluble in benzene, readily soluble in methyl or ethyl alcohol, 
fairly soluble in carbon tetrachloride, and insoluble ‘in light 
petroleum. 

2’. Nitro-3' : 4’ : 5 : 6-tetramethoxy-1-benzyl-3 : 4-dihydroisoquinoline 
(VIII).—The amide (4-5 g.) was mixed with phosphorus penta- 
chloride (5 g.) in chloroform suspension (30 c.c.) and kept in a 
closed vessel. After 36 hours a mass of nodular crystals had 
separated. These appeared to consist of an additive compound 
of the product and phosphorus pentachloride or phosphoryl chlor- 
ide, since a portion of the solid, when separated and washed with 
chloroform, was highly hygroscopic, and the solution in water gave 
strong positive reactions for both phosphate and chloride. The 
reaction mixture was poured into water, the chloroform evaporated 
on the water-bath, and the solution filtered from the residual tar. 
The addition of an excess of ammonia yielded a gummy precipitate 
which soon solidified (2-5 g.). When recrystallised twice from 
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methyl alcohol, 2'-nitro-3’ : 4’ : 5 : 6-tetramethoxy-1-benzyl-3 : 4-di- 
hydroisoguinoline was obtained as peach-coloured prisms, melting 
at 152—156° to a red liquid (Found : C, 62-4; H, 5-7. C,)H,,.0,N; 
requires C, 62-2; H, 5-7%). 

The methiodide separated in clusters of small needles containing 
methyl iodide of crystallisation, m. p. 110—116° (efferv.), when a 
solution of the base in excess of boiling methyl iodide was allowed 
to cool (Found: loss at 95°, 20-3. C,,H,,0,N,I,CH,I requires 
loss, 212%). After drying at 95°, the methiodide melted at 183— 
184° (decomp.) (Found: C, 47:8; H, 5-1. C,,H,,O,N,I requires 
C, 47-7; H, 47%). It could not be recrystallised satisfactorily, 
and the specimen used for analysis was prepared from the pure 
base. The methiodide was very soluble in methyl or ethyl alcohol 
and in chloroform and very sparingly soluble in carbon tetra- 
chloride. When ammonia was added to an aqueous solution, an 
orange-red amorphous precipitate separated, which formed an 
orange solution in benzene (compare p. 664). 

2'-Amino-3' : 4' : 5 : 6-tetramethoay-|-benzyl-2-methyltetrahydroiso- 
quinoline (IX).—The methiodide (6 g.) was suspended in a mixture 
of hydrochloric acid (120 c.c.) and water (80 c.c.), heated on the 
water-bath, and zinc dust (18 g.) added gradually until the solution 
was completely decolorised. The solution was filtered while hot, 
and basified with concentrated ammonia solution. The resulting 
purple solution was extracted with ether (500 c.c.), and the extract 
dried over sodium sulphate and evaporated to dryness. A mixture 
of crystals with a little gum remained (3-7 g.). An attempt to 
isolate the product by passing hydrogen chloride into the ethereal 
solution yielded a sticky product which could not be made to 
crystallise, and the method just described was more satisfactory. 
When purified by recrystallisation from ether, 2’-amino-3' : 4’ : 5 : 6- 
tetramethoxy-1-benzyl-2-methyltetrahydroisoquinoline was obtained as 
colourless rhombic plates, m. p. 117-5—119-5° (Found: C, 67-7; 
H, 7:4. C,,H,,0,N; requires C, 67-7; H, 75%). A diazotised 
solution of the amine in hydrochloric acid gave with an alkaline 
solution of 8-naphthol a scarlet azo-dye. 

dl-3 : 4: 6: 7-Tetramethoxyaporphine (IV).—The preceding amine 
(3°72 g.) was dissolved in a mixture of ice-cold 2N-sulphuric acid 
(20 c.c.) and methyl alcohol (20 e.c.) and diazotised with the calcul- 
ated amount of sodium nitrite solution. After 20 minutes, the 
mixture was boiled on the water-bath for } hour, reduced with 
concentrated hydrochloric acid (6 ¢.c.) and zine dust (2 g.), cooled, 
and made strongly alkaline by the addition of sodium hydroxide. 
The product was only slowly extracted by ether, and a large volume 
(900 c.c.) was found to be necessary... The ethereal solution, when 
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dried over sodium sulphate and evaporated, left a gummy residue, 
which was dissolved in the minimum quantity of dilute hydro. 
chloric acid and treated with an excess of sodium iodide. A gum 
separated; the supernatant liquid was poured off, and the gum 
stirred with methyl alcohol (20 c.c.). dl-3 : 4: 6 : 7-T'etramethoxy. 
aporphine hydriodide was thus obtained as a white powder, which 
formed long prisms from methyl alcohol, m. p. 257—262° after 
darkening (Found: C, 52-6; H, 5-4. C,,H,;0,N,HI requires 
C, 52-2; H, 54%). The free base was obtained by grinding the 
hydriodide with a slight excess of sodium hydroxide; the dried 
solid (0-87 g., m. p. 122—127°) was repeatedly crystallised from 
light petroleum, dl-3 : 4 : 6 : 7-tetramethoxyaporphine being obtained 
as clear yellow plates, m. p. 131—132° (Found, by microanalysis : 
C, 70-9; H, 7:2. C,,H,;0,N requires C, 71-0; H, 7-0%). The 
substance was very soluble in methyl and ethyl alcohols, acetone, 
benzene, and ether, but insoluble in water. 

Resolution of dl-3:4:6:7-Tetramethoxyaporphine.—The crude 
base (0-7404 g.) was treated with a saturated solution of d-tartaric 
acid (1 mol.; 0-3336 g.) in absolute alcohol. No separation took 
place, even after some time, but a caseous precipitate (0-5 g.) was 
obtained by the addition of benzene to a solution in slightly aqueous 
alcohol. The filtrate yielded a gum (0-7 g.) when evaporated to 
dryness. The precipitate, after being twice recrystallised from 
96% alcohol, yielded d-3 : 4: 6 : 7-tetramethoxyaporphine hydrogen 
d-tartrate in bunches of needles, m. p. 174—185° after softening 
(Found : loss at 80° in a vacuum over P,O,9, 6-4, 7-0; loss at 110° 
in a vacuum over P,0;9, 7:3. C,;H;,0,)9N,2H,O requires loss, 
6-7%). The anhydrous salt regained water rapidly in the air. 
When it was heated at 110°, slight decomposition occurred, for 
the salt then crystallised poorly from alcohol and low values were 
obtained for the rotations of the salt and of the base as compared 
with those of the optical isomerides. Concordant values were 
given, however, by a specimen obtained by repeating the process 
qf resolution. In water, the hydrogen d-tartrate had [«]j° + 84-9° 
(c = 0-930). The base was liberated from the bitartrate by sodium 
hydroxide, and extracted with chloroform. The residue left by 
evaporation of the chloroform was recrystallised from light petrol- 
eum, yielding d-3:4:6:7-tetramethoxyaporphine as long, pale 
yellow prisms, m. p. 125—125-5°. In chloroform (c = 0-459), 
[«}> = + 168°. 

From the mother-liquors and residues of the isolation of the 
d-base d-bitartrate, the basic material was liberated, and extracted 
with ether, and the extracts were evaporated in a weighed dish. 
The gum (0-4955 g.) obtained was treated with /-tartaric acid 
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(0:2235 g.) in aleohol. Crystals readily separated from the solution, 
and after three recrystallisations from alcohol, 1-3: 4 : 6 : 7-tetra- 
methoxyaporphine hydrogen |-tartrate was obtained as needles, m. p. 
170—180° after softening (Found, by microanalysis: loss at 100° 
over P,O,9 in a vacuum, 7-5. Found in anhydrous material : 
(, 58-7; H, 6-1. C,;H,,0,)N,2H,0 requires loss, 6-7%. C,;H;,0, 9N 
requires C, 58-1; H,6-1%). In water (c = 2-044), [a]i?* = — 85-2°. 
1.3: 4:6: 7-Tetramethoxyaporphine was obtained from this salt, 
and formed long, pale yellow prisms from light petroleum, m. p. 
125-5—126°. In chloroform (c = 0-978), [«]$° = — 167° (Found, 
by microanalysis: C, 70-8; H, 6-8. C,,H,,0,N requires C, 71-0; 
H, 7-0%). 

1-3:4:6:7-Tetramethoxyaporphine methiodide was obtained as 
a white solid when the /-base was warmed with excess of methyl 
iodide. After being freed from methyl iodide by heating on the 
water-bath, it melted at 208—210°. 

The following colour reactions were given by the /-base : 


Concentrated sulphuric acid: Very pale green, or blue-green in larger amount. 
Changed to orange-red by addition of nitric 
acid. 

Immediate orange-red colour. 

Barely perceptible straw colour. 

Immediate deep  greenish-blue, 
quickly to orange-red. 

Deep blue-green, changing to brown. 


Concentrated nitric acid : 
Frohde’s reagent : 
Erdmann’s reagent : changing 


Mandelin’s reagent : 


Colour Reactions of the Aporphines. 


Mandelin. Erdmann. Fréhde. H,S0O,. 
Green, blue- Blue, green- Green, blue, Nil, deep blue 
violet. blue. indigo, at 100°. 

violet. 
Indigo, 
brown. 


HNO,. 
Green, deep 
red. 


Aporphine. 
Glaucine 


Rose-red or Red-brown. 
green-blue, 


violet at 


Deep 
brown, 
violet. 


laurotetanine Indigo, blue, 
brown, 


yellow. 


blue- Dark blue. Orange, Red-brown. 


violet. 
Nil, orange- 
red. 


Blue, 
violet. 


Deep red. 


Bulbocapnine Blue, darker. 


Deep green- 
blue. 


Steel-blue, 
indigo, blue- 
green. 


Nil, moss- 
green. 


bulbocapnine 
methyl ether 


Corytuberine 


Red, 
blue. 

Grey-blue, 
dark green, 


violet, 


Nil, green, Blood-red. 


Green, blue- 
red, violet. 


violet. 


Instant 
blood-red, 


Corytuberine Nil. 


Pale _ red, 
dimethyl 


Nil, bright 
green. 


ether 
Corydine 


isoCorydine 


Dicentrine 


niDicentrine 


Domesticine 
and iso-D. 


green, olive. 


Transient 
violet, 
green, 


Violet. 


Deep blue. 


Emerald. 


Pale yellow, 
green. 


Nil, 
blue. 


soon 


Malachite- 
green. 


Pale violet, 
green- 
brown. 

Deep _ blue, 
green-blue, 
violet. 


Nil. 
Nil. 


Nil, 800! 
violet-red. 


Red-violet. 


Blood-red. 


Red-brown. 


Nil, blue- 
green, yel- 
low, brown. 


Blue-green. 
Blue. 
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Aporphine. Mandelin. Erdmann. Fréhde. H,S0,. HNO,. 
5 *6-Di- Green, soon Pink-purple. Deep blue- Nil. of 
methoxy- brown. purple. 
3:4:6:7- Deep blue-_ Instant Pale straw. Pale green. Orange-red, p- 
Tetra- green, soon green-blue, ar 
methoxy- brown. orange-red. 
2:3:6:7- Instant Deep__red- Nil. Emerald, in- Indigo, of 
Tetra- green, red- purple. tense green purple = at 
methoxy- purple, dull at 100°, red 100°, brown. / 
brown. with H,O wi 
Morpho- Dirty violet, Yellow, red- Steel-blue, Nil. Blood-red, th 
thebaine lighter. dish. grey-blue, red-brown, 
tinge violet, fol 
yellow- 
green. on 
Morpho- Violet, Pale yellow. Dull green. Nil. Bright ' 
thebaine di- —_ brown. brown, acl 
methy] ether duller. tai 
isoThebaine Olive, brown. Yellow. Blue, green, Nil. Dark violet, 
. olive, bright red-brown, sul 
green. yellow. hv 
isoThebaine Olive-green, Yellow. Nil, bright Nil. Dark violet, 8 
methylether dull brown. green. red-violet, ars 
brown. ] 
Apomorphine Instant Dull = green, Violet, Pale straw, Purple-red, ou. 
green, blood-red. brown, dull brown- orange-red in; 
indigo, purple. violet at at 100°. : 
dull green. 100°. wit 
Boldine _ Green. _ Blue (in acetic -— sol 
acid) 
' by 
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XCVI.—Trypanocidal Activity and Chemical Con- Ya 
e . 
stitution. Part I. New Sulphur Derivatives of § the 
Aromatic Organic Arsenicals. arse 
By Jonn Garwoop EveERETT. boil 
con) 
THE observation that neosalvarsan and sulpharsphenamine are 
more lastingly curative than salvarsan base against experimental 
infections of T'rypanosoma equiperdum in mice led to the present 
research, which was undertaken to determine whether the presence (GCN 
of sulphur in the molecule influences permanency of cure. 
Compounds containing the thiocarbonyl group, :C:S, attached 
to nitrogen were first considered, as these contain an arrangement 
of nitrogen, carbon, and sulphur atoms similar to that of the side (SC 
chains of neosalvarsan and sulpharsphenamine, if in these it 18 . 
assumed that sulphur is attached to carbon, for which view there 
is some evidence (Newbery and Phillips, J., 1928, 119; Raschig, (F 






Ber., 1926, 59, 859; Binz, ibid., p. 1695). Only three compounds 
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of this type have been previously described, viz., allylthiocarbamy]- 
p-arsanilic acid and its methyl homologue (Thoms, D.R.-P. 294,632) 
and thiocarbamyl-p-arsanilic acid (Morgan, “‘ Organic Compounds 
of Arsenic and Antimony,” p. 162). 

In the present instance, aminophenylarsinic acids were condensed 
with carbon disulphide in presence of alcohol and sodium hydroxide : 
the thiocarbonyl group entered the amino-group, and the sulphides 
formed attacked the arsinic acid group, giving thioarsenates, which 
on acidification yielded amorphous sulphides. From _ p-arsanilic 
acid, pp’-dithiocarbiminophenylarsenic sesquisulphide (1) was ob- 
tained instead of the expected diphenylthiourea-pp’-arsenic sesqui- 
sulphide (II). The constitution of (1) was shown as follows: On 
hydrolysis with sodium hydroxide it yielded diphenylthiourea-pp’- 
arsenic sesquisulphide (II), and on reduction with sodium hypo- 
sulphite pp’-dithiocarbiminoarsenobenzene (III), completely soluble 
in 5° sodium hydroxide solution, was obtained. This on hydrolysis 
with sodium hydroxide gave pp’-arseno(diphenylthiourea) (IV), in- 
soluble in that reagent and identical with the compound obtained 
by reduction of the sulphide (II), by simultaneous reduction and 
hydrolysis of the sulphide (I), and by reduction of diphenylthiourea- 
pp’-diarsinic acid (V). 

pp’-Arseno(diphenylthiourea) (IV) gave, on treatment with iodine, 
diphenylthiourea-pp’-diarsinic acid (V) identical with that obtained 
either by iodine oxidation of the sulphide (IT) or by treatment of 
p-arsanilic acid with thiocarbonyl chloride; and (V) in presence 
of excess of sodium bicarbonate reacted further with iodine, giving 
diphenylurea-pp’-diarsinic acid (VI), identical with the substance 
obtained by the action of carbonyl chloride on p-arsanilic acid. 
These reactions are summarised below. The analogy between the 
arsenated and the non-arsenated compounds was established by 
boiling phenylthiocarbimide with sodium hydroxide, complete 
conversion into thiocarbanilide occurring. 


NH,-C,H,"AsO(OH), 


K 
(SCN-C,H,-As),S, --> CS(NH-C,H,-As),S, —> CS[NH-C,H,:AsO(OH),|>, 


(I.) (I1.) a (V.) 
| | isp | 
Y Y “z Y 
[SCN-C,H,-As], —> OSCNECoHy As = GopNH-C,H,-As0(0H)»], 


NH-C,H,-As 
(III.) (IV.) (VI.) 


(Formule II and IV are so represented for simplicity. The 
possibility of more extended ring structure is recognised.) 
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3-Amino-4-hydroxyphenylarsinic acid gave 1-thiobenzoxazolone- 
4-arsenic disulphide (VII), which on reduction with sodium hypo. 
sulphite gave 4: 4’-arseno-(l-thiobenzoxazolone) (VIII). This 
arseno-compound and the disulphide (VII), on treatment with 
iodine, both yielded 1-thiobenzoxazolone-4-arsinic acid (1X) identical 
with that obtained by treating 3-amino-4-hydroxyphenylarsinic 
acid with thiocarbonyl chloride. This acid (IX) in presence of 
excess of sodium bicarbonate reacted further with iodine, giving 
benzoxazolone-4-arsinic acid (X) identical with the acid obtained 
by the action of carbonyl chloride on 3-amino-4-hydroxyphenyl- 
arsinie acid. These reactions are summarised as follows : 


RO >CeHs'A80sH, —> SCAB S>0,Hy-A88, (VIL) 


| 
| sc<NB5.0,H;-As0,H, <> [ SC<G ESCH As: | 


v (IX.) (VIII) 
00< DES C,HyAsOsHy (X.) 


3:4-Diaminophenylarsinic acid gave 2-thiolbenziminazole-5-arsenic 
disulphide (XI), and steps similar to the above were taken to prove 
its constitution : the results are shown below. 2-T'hiolbenziminazole- 
5-arsinic acid (XIII) on oxidation with iodine in presence of sodium 
bicarbonate gave benziminazole-5-arsinic acid (XIV), no trace of 
2 : 3-dihydrobenziminazolone-5-arsinic acid being detected. 


H,N 
H2N>CeH'As0,H, —> HS-CCN E>, HyAs8, (XL) 


2 


HS-C<N>CHy-As0,H, = | HS-CKp > CoH Ast | 
(XIII.) (XII.) 1" 


HCN >CoHy'As0,H, (XIV.) 


From the above facts it is clear that, in the compounds mentioned, 
sulphur attached to arsenic only (sulphide sulphur) may be sharply 
differentiated from sulphur attached to carbon or carbon and 
hydrogen only (mercaptan sulphur) by means of either sodium 
hyposulphite or iodine, the mercaptan sulphur not being oxidised 
by iodine unless sodium bicarbonate (or some other alkali) is present. 
Further, the three arsinic acids (V), (IX), and (XIII) gave no 
colour with an alkaline solution of sodium nitroprusside, whereas 
all the sulphides mentioned gave a deep vioiet colour with this 
reagent. 
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With a view to a comparison of oxygen with sulphur in analogous 
compounds, diphenylurea-pp’-diarsinic acid (VI), benzoxazolone- 
4-arsinic acid (X), and 2 : 3-dihydrobenziminazolone-5-arsinic acid 
were prepared and reduced to the corresponding arseno-compounds. 

Therapeutic Results——The above-mentioned thiocarbonyl com- 
pounds and their carbonyl analogues have been tested against an 
experimental infection of 7’. equiperdum in mice with the following 
results, which amount to a direct comparison of sulphur with 
oxygen: 7J' = maximum tolerated dose in mg./g. of mouse, c = 
minimum curative dose in mg./g. of mouse, r = number of days 
elapsing between cure and reappearance of trypanosomes in the 
peripheral blood-stream, « = intravenous, and o = oral. 


Thiocarbonyl compounds. A c. 2 /€. 
pp’-Dithiocarbiminophenylarsenic 0-05 0-05 1-0 
sesquisulphide (1) . >3-0 nil 
Diphenylthiourea-pp’-arsenic 0-01 1-0 
sesquisulphide (IT) 2-0 1-0 
2-Thiolbenziminazole-5-arsenic di- 0-006 8-0 
sulphide (XI) 0-2 50-0 
1-Thiobenzoxazolone-4-arsenic di- 0-02 1-0 
sulphide (VIT) >1-0 nil 
pp’ -Dithiocarbiminoarsenobenzene 0-02 1-0 
(IIT) 0-7 3-0 
pp’ -Arseno(diphenylthiourea) (IV) insoluble 
3-0 >3-0 
0-005 20-0 
0-05 >200-0 
0-05 1-5 
‘0 2-0 


o7938 5086 2. 


5: 5’-Arseno-(2-thiolbenziminazole) 
(XII 

4: 4’-Arseno-(1-thiobenzoxazolone) 
(VIII) 


>1 
>1 


a 
0 
a 
7) 0: 
i 0 

(7) 0- 
a 0 

Oo 4: 
0- 
9- 
0 

0- 
l- 
0- 


2 
Diphenylthiourea-pp’-diarsinic acid 0 nil 
(V) 1- 9-0 
2-Thiolbenziminazole-5-arsinic acid 0- 1-0 
(XTIT) 0- 
1-Thiobenzoxazolone-4-arsinic acid 1 
0 


(IX) 
Carbonyl compounds. 
pp’-Arsenodiphenylurea L insoluble 
>10-0 4-0 >3-0 
5: 5’-Arseno-(2 : 3-dihydrobenzimin- i insoluble 
azolone) 8-0 0-05 170-0 


4: 4’-Arsenobenzoxazolone } 0-05 o- es 2-0 
4:0 1:3 


100-0 
1-0 
1-0 


0 
“1 
0 
‘0 
0 
6 > 
0 
5 
0 
0 
8 


ofS &. 6 @. 
~ 


Diphenylurea-pp’-diarsinic acid (VI) i 2-0 nil 

16-0 8-0 

2: 3-Dihydrobenziminazolone-5- d 0-6 2-0 

arsinic acid 16-0 160-0 
Benzoxazolone-4-arsinic acid (X) } 1-0 2-0 12 
1-0 10-0 10 


Conelusions.—(1) From the last column it is seen that permanency 
of cure is not appreciably influenced by the substitution of sulphur 
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for oxygen, except in the case of those compounds containing arsenic 
in the 5-position in a 2-thiolbenziminazole ring, which are out- 
standingly efficacious. 

(2) Considering the results as a whole, it is evident that the sub- 
stitution of sulphur for oxygen in these compounds causes no 
appreciable difference in either toxicity or therapeutic activity, 
and this is of interest since it has already been shown (King and 
Murch, J., 1925, 127, 2632; King, Hewitt, and Murch, J., 1926, 
1355; Durham, Marchal, and King, J. Pharm. Exp. Ther., 1926, 
28, 341) that the substitution of sulphur for carbon in another 
series of arsenicals destroys trypanocidal activity in vivo, the groups 
compared in this case being SO,-NH (sulphonamide) and CO-NH 


(carbonamide). 
EXPERIMENTAL. 


[In many cases where the percentages of arsenic, nitrogen, and 
sulphur found are rather widely divergent from the theoretical 
values, ordinary criteria of purity are inapplicable owing to the 
amorphous nature of the compounds. The atomic ratios found 
for the same compound obtained in different ways are, however, 
satisfactory. To justify reliance on these values, C, H, 8, N, As 
ratios have been determined in one case, that of 4 : 4’-arseno-(1- 


thiobenzoxazolone). | 

pp’ -Dithiocarbiminophenylarsenic Sesquisulphide (1).—p-Arsanilic 
acid (22 g.) and carbon disulphide (60 g.) were boiled under reflux 
with ethyl] alcohol (200 c.c.) for 2 hours and cooled, sodium hydroxide 
solution (25%; 50 c.c.) was added, and boiling continued for 4 
hours. Alcohol and carbon disulphide were then removed by 
distillation and the residue was dissolved in warm water and 
acidified (Congo-red) with hydrochloric acid. The precipitated 
sesquisulphide was dissolved in boiling sodium carbonate solution 
(20%), treated with charcoal, again precipitated, and treated with 
carbon disulphide to remove free sulphur (yield, 18 g.; 70%) 
(Found: As, 25-0; N, 4-6; S, 26-3; atomic ratios:As:N:S = 
2-00 : 1:97: 4-94. C,,H,N,S,As, requires As, 29-2; N, 5:5; §, 
31-1%). It was obtained as a light yellow, amorphous solid insolu- 
ble in water, acids, or organic solvents, but soluble in excess of cold 
sodium hydroxide solution or in excess of boiling sodium carbonate 
solution. 

The two following disulphides were prepared similarly and had 
similar physical properties : 1-Thiobenzoxazolone-4-arsenic disulphide 
(VII), from 3-amino-4-hydroxyphenylarsinic acid (yield, 64%) 
(Found: As, 22-0; N, 4:0; S, 28-2; atomic ratios As:N:S= 
1-00 : 0-97: 3-02. C,H,ONS,As requires As, 25-9; N, 4:8; §, 
33-2%,), is soluble in dilute solutions of sodium cyanide : this is 4 
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characteristic property of 1-thiobenzoxazolone. 2-T'hiolbenzimin- 
azole-5-arsenic disulphide (X1), from 3 : 4-diaminophenylarsinic acid 
(yield, 64%) (Found: As, 20-8; N, 7:8; 8S, 26-9; atomic ratios 
As:N:S = 1-00: 2-00: 3-03. C,;H,;N,S,As requires As, 26-0; N, 
97; 8, 333%). 

Diphenylthiourea-pp’-arsenic sesquisulphide (Il) was obtained, by 
boiling pp’-dithiocarbiminophenylarsenic sesquisulphide (10 g.) for 
6 hours with sodium hydroxide solution (25%, 50 ¢.c.), and acidi- 
fying the cooled solution (Congo-red) with hydrochloric acid, as a 
light yellow, amorphous solid resembling (1) in solubility (Found : 
As, 28-4; N, 5-2; S, 24-5; atomic ratios As: N:S = 1-00: 0-98 : 2-02. 
Ci3HypNoS,As, requires As, 31-8; N, 5-9; S, 27-1%). 

pp’-Dithiocarbiminoarsenobenzene —_ (II1).—pp’-Dithiocarbimino- 
phenylarsenic sesquisulphide (30 g.) was mixed with water (300 c.c.) 
and just sufficient sodium hydroxide to effect solution. Sodium 
hyposulphite (375 g.) and sodium hydroxide (7-5 g.) were dissolved 
in water (3.1.), The two solutions were mixed and kept at 55° for 
1 hour. The precipitated arseno-compound, after being washed 
with water and dried in a vacuum over concentrated sulphuric 
acid, was obtained as a light yellow, amorphous solid, soluble in 
5%, sodium hydroxide solution (yield, 18 g.; 74%) (Found: As, 
33:7; N, 6-2; S, 14-35; atomic ratios As: N :S = 1-00: 0-99 : 0-99. 
(,4H,N,S,As, requires As, 35:9; N, 6-7; S, 15-3%). 

(Unless otherwise stated, reduction with sodium hyposulphite 
was carried out as above.) 

pp -Arseno(diphenylthiourea) (IV).—(1) pp’-Dithiocarbimino- 
phenylarsenic sesquisulphide was reduced with sodium hyposulphite 
as deseribed above, except that sodium hydroxide solution (25% ; 
100 c.c.) was added, and the temperature kept at 90° (yield, 40%) 
(Found: As, 34-4; N, 6-2; 8S, 8-0; atomic ratios As:N:S= 
200: 1-92: 1-08. C,,;H,)N,SAs, requires As, 39-9; N, 7-4; S, 
£5%). 

(2) Diphenylthiourea-pp’-arsenic sesquisulphide was reduced 
with sodium hyposulphite (yield, 62%) (Found : As, 35-0; N, 6-4; 
S, 81%; atomic ratios As: N:S = 2-00: 1-96: 1-08). 

(3) Diphenylthiourea-pp’-diarsinic acid was reduced with sodium 
hyposulphite (yield, 71%) (Found: As, 36-3; N, 6-7; 8, 7-:9%; 
atomic ratios As: N:S = 2-00: 1-98 : 1-02). 

(4) A solution of pp’-dithiocarbiminoarsenobenzene (4 g.) in 
dium hydroxide solution (20%; 100 c.c.) was boiled for 15 
uinutes and the precipitate was removed, washed with water, 
and dried in a vacuum over sulphuric acid (yield, 3 g.; 81%) 
(Found: As, 36-5; N, 6-8; S, 78%; atomic ratios As:N:S = 
200 : 1-98 : 1-00). 
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pp’-Arseno(diphenylthiourea) was obtained by these four methods 
as an orange, amorphous solid insoluble in sodium hydroxide. 

4: 4’. Arseno-(1-thiobenzoxazolone) (VIII).—(1) 1-Thiobenzoxazol. 
one-4-arsenic disulphide was reduced with sodium hyposulphite 
(yield, 73%) (Found: C, 33-6, 33-2; H, 2-5, 2:3; N, 5-7, 58; 
S, 13-4, 13-6; As, 31-0, 31-3; atomic ratios C:H:N:S:As= 
6-8 : 5-7: 0-99: 1-02: 1-00. C,,H,O,N,S,As, requires C, 37-4; H, 
1:8; N, 6-2; 8S, 14:2; As, 333%). The loss in a vacuum over 
sulphuric acid was 1-8% and ash 3%. 

(2) 1-Thiobenzoxazolone-4-arsinic acid was reduced with sodium 
hyposulphite (yield, 70%) (Found: As, 32-0; N, 6-1; 8, 13-9%; 
atomic ratios As: N:S = 1-00: 1-02 : 1-02). 

4: 4’-Arseno-(1-thiobenzoxazolone) obtained by these two methods 
was a light yellow, amorphous powder, soluble in sodium hydroxide 
solution and very readily soluble in dilute solutions of sodium 
cyanide. 

5 : 5’-Arseno-(2-thiolbenziminazole) (XII).—(1) 2-Thiolbenzimin- 
azole-5-arsenic disulphide was reduced with sodium hyposulphite 
(yield, 72%) (Found: As, 30-0; N, 11-2; 8, 12-9; atomic ratios 
As:N:S = 1-00: 2-01:1-01. C,,H,)N,S8,As, requires As, 33-5; 
N, 12-5; 8, 14-3%). 

(2) Thiolbenziminazole-5-arsinic acid was reduced with sodium 
hyposulphite (yield, 68%) (Found: As, 30-7; N, 11-5; 8, 131%; 
atomic ratios As: N:S = 1-00: 2-01 : 1-01). 

5 : 5'-Arseno-(2-thiolbenziminazole) obtained by these two methods 
was a light yellow, amorphous powder, readily soluble in dilute 
solutions of sodium hydroxide. 

pp’-Arseno(diphenylurea) was obtained as an orange amorphous 
powder, insoluble in sodium hydroxide solution, by reduction of 
diphenylurea-pp’-diarsinic acid with sodium hyposulphite (yield, 
80%) (Found : As, 36-0; N, 6-6; atomic ratio As: N = 1-00 : 0-98. 
C,3H, ,ON,As, requires As, 41-6; N, 7-8%). 

4 : 4’-Arsenobenzoxazolone was prepared by Fargher’s method (J., 
1919, 115, 991) and obtained as a light yellow, amorphous powder, 
soluble in sodium hydroxide solution (Found: As, 31-5; N, 5-9; 
atomic ratio As: N = 1-00: 1-00. Cale.: As, 35-7; N, 6-7%). 

5 : 5’-Arseno-(2 : 3-dihydrobenziminazolone) was obtained as 4 
yellow, amorphous powder, insoluble in sodium hydroxide solution, 
by reduction of 2 : 3-dihydrobenziminazolone-5-arsinic acid with 
sodium hyposulphite (yield, 85%) (Found: As, 33-2; N, 125; 
atomic ratio As: N = 1-00:2-01. C,,H,0,N,As, requires As, 
36-1; N, 13:5%). 

Diphenylthiourea-pp'-diarsinic Acid (V).—(1) Thiocarbony! 
chloride (6 g.) was added gradually with vigorous shaking t? 
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p-arsanilic acid (22 g.) dissolved in N-sodium hydroxide (180 c.c.), 
alkalinity being maintained by the addition of sodium hydroxide 
solution (20%) as required. The filtered solution, after treatment 
with charcoal, was acidified (Congo-red) with hydrochloric acid and 
the diarsinic acid obtained was dissolved in sodium bicarbonate 
solution, reprecipitated, and finally recrystallised from 50% alcohol 
(yield, 17 g.; 69%) (Found on acid dried at 80°: As, 31-5; N, 5-8; 
8, 6-8. C,,;H,,0,N,SAs, requires As, 31-5; N, 5-9; S, 6-7%). 

(2) pp’-Arseno(diphenylthiourea) (3-8 g.) was stirred with water 
(20 c.c.), and N/10-iodine added gradually until no more was 
absorbed (500 c.c.). A solution of the precipitate in aqueous sodium 
bicarbonate (6%; 60 c.c.) was treated with charcoal, filtered, and 
acidified (Congo-red) with hydrochloric acid (yield, 2 g.; 42%) 
(Found on acid dried at 80°: As, 31-4; N, 5-8; S, 6-7%). 

(3) Diphenylthiourea-pp’-arsenic sesquisulphide (4:7 g.) was 
stirred with water (20 c.c.), and N/10-iodine added (300.c.c.). The 
precipitate was treated as described under (2) (yield, 1-5 g.; 31%) 
(Found on acid dried at 80°: As, 31-4; N, 5:7; 8, 6-8%). 

Diphenylthiourea-pp’-diarsinic acid was thus obtained in rosettes 
of fine pale yellow needles. It is insoluble in cold water or dilute 
mineral acids, sparingly soluble in hot water, and moderately easily 
soluble in warm alcohol. The calcium and magnesium salts are 
amorphous and the barium salt is micro-crystalline. 

2-Thiolbenziminazole-5-arsinic acid (XIII) was obtained (1) from 
3: 4-diaminophenylarsinic acid (23 g.) and thiocarbonyl chloride 
(12 g.) as described under diphenylthiourea-pp’-diarsinic acid, 
excluding the final recrystallisation from alcohol (yield, 21 g.; 78%) 
(Found on acid dried at 80°: As, 27:3; N, 10-2; 8S, 11:8. 
C,H,0,N,SAs requires As, 27-4; N, 10-2; 8S, 11-7%), (2) from 
5: 5’-arseno-(2-thiolbenziminazole) (4:5 g.) and N/10-iodine (500 
¢.c.) as described under diphenylthiourea-pp’-diarsinic acid (yield, 
2 g.; 36%) (Found on acid dried at 80°: As, 27-3; N, 10-1; 8, 
11-6%), and (3) from 2-thiolbenziminazole-5-arsenic disulphide (2-9 
g.) and N/10-iodine (200 c.c.) as described under diphenylthiourea- 
pp'-diarsinic acid (yield, 1 g.; 37%) (Found on acid dried at 80° : 
As, 27-3; N, 10-1; 8S, 11-8%). 

The arsinic acid was obtained by these three methods in small 
buff needles, insoluble in cold water or dilute mineral acids, moder- 
ately easily soluble in hot water, and readily soluble in warm alcohol. 
The calcium salt forms rosettes of needles, and the barium salt 
fine needles; the magnesium salt is amorphous. 

1-Thiobenzoxazolone-4-arsinic acid (IX) was obtained (1) from 
3-amino-4-hydroxyphenylarsinic acid as described under 2-thiolbenz- 
iminazole-5-arsinic acid (yield, 78%) (Found on acid dried at 80° : 
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As, 27:3; N, 5-1; 8, 11-7. C;H,0,NSAs requires As, 27-3; N, 5:1; 
S, 11-6%), (2) from 4 : 4’-arseno-(1-thiobenzoxazolone) as described 
under 2-thiolbenziminazole-5-arsinic acid (yield, 45%) (Found on 
acid dried at 80°: As, 27-2; N, 5:1; 8, 11-7%), and (3) from 1-thio-. 
benzoxazolone-4-arsenic disulphide as described under 2-thiolbenz- 
iminazole-5-arsinic acid (yield, 30°) (Found on acid dried at 80°: 
As, 27:2; N, 5-0; S, 11-8%). It formed small, pale yellow needles, 
insoluble in cold water or dilute mineral acids, sparingly soluble in 
hot water, and moderately easily soluble in warm alcohol. The 
magnesium salt is amorphous. 

Diphenylurea-pp'-diarsinic Acid (V1)—This was obtained (1) 
from p-arsanilic acid and carbonyl chloride, essentially as described 
in D.R.-P. 191548 (Found on acid dried at 80°: As, 32-5; N, 6-0. 
Cale.: As, 32-6; N, 6-1%), and (2) from diphenylthiourea-pp’-di- 
arsinic acid (2-4 g.), dissolved in water (60 c.c.) and sodium bi- 
carbonate (20 g.), and N /2-iodine (40:c.c.)._ The colourless solution, 
after treatment with charcoal, was filtered and acidified (Congo- 
red) with hydrochloric acid ; the precipitated acid was dissolved in 
sodium bicarbonate solution and reprecipitated (yield, 1 g.; 43%) 
(Found on acid dried at 80°: As, 32-7; N, 6-1%). 

Diphenylurea-pp’-diarsinic acid forms small white needles, 
insoluble in cold water or dilute mineral acids, sparingly soluble in 
hot water or alcohol. The calcium and magnesium salts are 
amorphous; the barium salt forms rosettes of small prisms. 

Benzoxazolone-4-arsinic acid (X), obtained (1) by Fargher’s 
method (loc. cit.) (Found on acid dried at 80°: As, 28-9; N, 5-4. 
Calco.: As, 29-0; N, 5-4%) and (2) from 1-thiobenzoxazolone-4- 
arsinic acid (2-75 g.) and N/2-iodine (80 c.c.) as described under 
diphenylurea-pp’-diarsinic acid (yield, 2 g.; 77%) (Found on acid 
dried at 80°: As, 28-6; N, 5-2%), formed prismatic needles, 
insoluble in cold water or dilute mineral acids and readily soluble 
in hot water or alcohol. 

2 : 3-Dihydrobenziminazolone-5-arsinic acid, obtained from 3 : 4- 
diaminophenylarsinic acid and carbonyl chloride essentially as 
described by Bertheim (Ber., 1911, 44, 3097) (Found on acid dried 
at 80°: As, 29-0; N, 10-7. Calc.: As, 29-1; N, 10-8%), formed 
small prisms, insoluble in cold water or dilute mineral acids and 
sparingly soluble in hot water or alcohol. The calcium salt crystal- 
lised in feathery needles, the magnesium salt in rosettes of fine 
needles, and the barium salt in large plates. — 

Benziminazole-5-arsinic acid (XX), obtained from 2-thiolbenz- 
iminazole-5-arsinic acid (1-4 g.) and N/2-iodine (40 c.c.) as described 
under diphenylurea-pp’-diarsinic acid (yield, 1 g.; 83%) (Found 
on acid dried at 80°: As, 31:0; N, 116 Calc.: As, 31-0; N, 





THE DENSITIES OF BUTYRIC ACID—-WATER MIXTURES. 679 


115%), formed rosettes of needles, insoluble in cold water, sparingly 
soluble in hot water or alcohol, and readily soluble in dilute mineral 
acids. The magnesium salt is amorphous and the barium and 
calcium salts are microcrystalline (compare Baxter and Fargher, 
J., 1919, 415, 1372; Phillips, J., 1928, 3137). 

Conversion of Phenylthiocarbimide into Thiocarbanilide—The 
thiocarbimide (10 g.) was boiled under reflux for 1 hour with sodium 
hydroxide solution (20%; 100 c.c.). The resulting thiocarbanilide 
was removed, washed with water, and recrystallised from hot 
alcohol (yield, 8-0 g.; 94%). M. p. 153° (alone or mixed with an 
authentic specimen). 


Messrs. May & Baker, LTD., 
Wanpsworts, S.W. 18. [Received, January 10th, 1929.] 





XCVII.—The Densities of Butyric Acid—Water 
Mixtures. 


By Joun GRINDLEY and CHaRLEs R. Bury. 


IN a previous communication from this laboratory (Jones and Bury, 
Phil. Mag., 1927, 4, 841), it was suggested that aqueous solutions 
of butyric acid contain micelles resembling those that exist in soap 
solutions (McBain and Salmon, J. Amer. Chem. Soc., 1920, 42, 426). 
This conclusion was based on a study of freezing points; in par- 
ticular, the ‘‘ A plot,” used in the graphical evaluation of activities 
(Lewis and Randall, “‘ Thermodynamics,’”’ 1923, p. 287), is related 
to that of the lower fatty acids in exactly the same manner as the 
“A plots ” of the soaps are related to those of the sodium salts of 
the lower fatty acids (Randall, McBain, and White, J. Amer. Chem. 
Soc., 1926, 48, 2517). Further, the hypothesis is not improbable 
from a structural point of view: butyric acid belongs to that class 
of substances the molecules of which consist of a hydrocarbon chain 
combined with a polar group and tend to form unimolecular layers 
on the surface of water and micelles in water, when they are soluble 
in it. Since the soaps are strong electrolytes, the formation of 
micelles—or aggregates of anions—must involve considerable work 
against the electrical forces; it would therefore be expected that 
weaker electrolytes should form micelles more readily. Butyric acid 
is a weak electrolyte, so it is not improbable that it should form 
micelles even though its hydrocarbon chain contains far fewer 
carbon atoms than are present in typical colloidal soaps. 

In order to test the above suggestion, we have relied on the 
following considerations. Micelle formation can be regarded thermo- 
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dynamically as an extreme case of association (complicated, in the 
case of soaps, by ionisation; with butyric acid, however, ionisation 
can be neglected except in very dilute solutions, with which this 
work is not concerned). Micelle formation can be represented by 
the equation nC,H,-CO,H == (C,H,°CO,H),, where ” is the number 
of simple molecules in a micelle. If « and m are the concentrations 
of butyric acid as simple molecules and as micelles, respectively, 
and if the equilibrium constant be written in the form K” (K being 
the Haber form of the constant), then, assuming as a first approxim- 
ation that the activity coefficients of the two molecular species are 
unity, we have s"/m = K" or (s/K)" =m. Since n is a relatively 
large number, it follows that, if s/K is appreciably smaller than 
unity, m will be negligibly small, i.e., the concentration of micelles 
will be negligible until the total concentration approaches the 
value K. In the neighbourhood of this point the concentration of 
micelles will first become appreciable, and will rapidly increase as 
the total concentration increases. Consequently, if any physical 
property of aqueous butyric acid solutions be plotted against the 
concentration, the slope of the curve will change abruptly * near 
this point: in other words, partial molal (or specific) quantities 
will change abruptly when the concentration has the value K. 
From freezing-point data, this concentration should be approximately 
15% of acid. 

None of the physical properties of butyric acid—water mixtures 
has been measured with sufficient thoroughness to test this con- 
clusion, and we have therefore determined their densities and 
thence calculated the partial specific volumes of the two con- 
stituents. In order to find the effect of temperature on the con- 
centration at which the slope changes abruptly, determinations 
have been made at five temperatures. 


EXPERIMENTAL. 


The procedure recommended by Hartley and Barrett (J., 1911, 
99, 1072) for the determination of densities was followed, with two 
exceptions. First, their formula requires modification when applied 
to a liquid of which the temperature coefficient of expansion is 
much greater than that of water (Grindley, J., 1928, 3297); and 
secondly, a small flask with restricted neck, of the type used by 
Baxter and Wallace (J. Amer. Chem. Soc., 1916, 38, 70), was used. 


* Some observers have claimed that the slopes of certain property—com- 
position curves change discontinuously at certain points (e.g., Mendeléeff, 
“ Principles of Chemistry,”’ 1891, vol. 2, p. 237). With micelle formation, 
the greater the value of n, the more abrupt the change of slope will be, but 
only in the limiting case, when n is infinite, could it become discontinuous. 
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This was found more convenient than the pyknometers of Hartley 
and Barrett when carrying out a series of determinations on the 
same liquid at temperatures extending from 0° to 35°. The flask 
was blown from a test-tube and had a capacity of about 28 c.c. : 
a counterpoise of similar form, and made from the same glass, was 
used. The weight of the flask, when filled with water at any given 
temperature and weighed against the counterpoise, was reproducible 
to +01 mg. Weights were standardised by the method of 
Richards (J. Amer. Chem. Soc., 1900, 22, 144). 

As starting point for the preparation of pure butyric acid, British 
Drug Houses’ “ normal butyric acid ”’ (freezing point — 10°) and 
Kahlbaum’s “ normal (purest) butyric acid ”’ (freezing point — 12°) 
were used: no other samples examined could be made to freeze 
above — 21°. By fractionally freezing ten times, care being taken 
to avoid the introduction of moisture, the freezing point was raised 
to — 71°. The purified acid apparently still contained traces of 
water, for, after shaking with phosphoric oxide in the cold, the 
freezing point was raised to — 6-70° + 0-05° (mean of determin- 
ations with two independently purified samples): when about 
half the material was frozen the freezing point was 0-15° lower, 
from which it is probable that the freezing point of the pure acid is 
about — 6-55°.* The freezing points were determined by the 
Beckmann method with a standardised thermometer, graduated 
to 0-1°. 

Unfortunately, the phosphoric oxide cannot be satisfactorily 
separated from the acid; distillation, even at low pressures, gives 
rise to the anhydride and to some sweet-smelling impurity. The 
phosphoric oxide adheres to the walls of the vessel, and most of it 
is remeved by ‘decantation through a filter; the acid so obtained, 
however, was found by analysis to contain 0-04% P,0,, but was 
used for density determinations of the pure acid only. In preparing 
the butyric acid—water mixtures, the acid, purified by crystallisation 
and then distilled in a vacuum, was mixed with a suitable amount 
of conductivity water, the final concentration being determined by 
titration with baryta. 

The most important sources of error in this work appear to be 
the analytical error in determining the concentrations of the acid 
{about 0-1%), and the uncertainty as to the exact temperatures of 


* Previous determinations of the freezing point of butyric acid are — 2° 
to +2° (Linnemann, Annalen, 1871, 160, 228); —3-12° (Faucon, Compt. 
rend., 1909, 148, 1189); —4-5° to —2-0° (Zander, Annalen, 1884, 224, 63); 
~4:5° (Ballo, Z. physikal. Chem., 1910, '72, 448); —4-65° to —4-70° (English 
aud Turner, J., 1915, 107, 779); and —7-9° (Schneider, Z. physikal. Chem., 
1897, 22, 223). 
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the thermostats. These could be regulated to within 0-02° of the 

desired temperature, an uncertainty which might lead to an error 

of 2 x 10° in the density of the most expansible (7.e., concentrated) 
solutions. 
TaBLE I, 

Acid,%. Df. DF. DF. DP De, 
0 0-99987 0-99953 0-99862 0-99707 0-99408 
4-905 1-00379 1-00250 1-00122 0-99930 0-99577 
7-505 1-00587 1-00408 1-00256 1-00038 0-99657 

10-01 1-00785 1-00546 1-00371 1-00127 0-99713 
11-74 1-00912 1-00631 1-00436 1-00173 0-99736 
13-94 101045 1-00707 1-00491 1-00207 0-99745 
15-59 1-01124 1-00746 1-00517 1-00214 0-99738 
17-39 101177 1-00766 1-00522 1-00207 0-99714 
19-21 1-01218 1-00777 1-00521 1-00196 0-99688 
20-86 1-01240 1-00781 1-00516 1-00179 0-99657 
23°85 1-01264 1-00769 1-00489 1-00135 0-99594 
26-93 1-01274 1-00748 1-00453 1-00082 0-99520 
30-07 1-01277 1-00719 1-00409 1-00021 0-99435 
35-05 1-01270 1-00662 1-00327 0-99913 0-99294 
40-06 1-01251 1-00591 1-00233 0-99792 0-99138 
45-31 1-01221 1-00502 1-00120 0-99651 0-98959 
50-13 1-01177 1-00406 0-99996 0-99506 0-98781 
54-09 1-01130 1-00314 0-99887 0-99374 0-98622 
58-08 1-01066 1-00210 0-99767 0-99234 0-98453 
60-23 1-01026 1-00145 0-99692 0-99147 0-98356 
61-93 1-00986 1-00090 0-99629 0-99078 0-98272 
63-32 1-00954 1-00045 0-99578 0-99016 0-98206 
66-00 1-00880 0-99949 0-99465 0-98898 0-98070 
70-02 1-00747 0-99774 0-99280 0-98695 0-97845 
74-07 1-00573 0-99566 0-99057 0-98452 0-97580 
77-90 1-00372 0-99336 0-98812 0-98194 0-97306 
81-56 1-00140 0-99080 0-98546 0-97917 0-97010 
85-96 0-99801 0-98711 0-98163 0-97521 0-96598 
90-95 0-99310 0-98191 0-97626 0-96968 0-96030 
95-62 0-98715 0-97561 0-96983 0-96312 0-95351 
100 0-97844 0-96642 0-96045 0-95350 0-94367 


The results are given in Table I; in the first column is given the 
concentration of acid in g. per 100 g. of solution, and in the remain- 
ing columns are given the densities (Dj) at 0°, 12°, 18°, 25°, and 
34°94°. The density of pure yorecpeche acid, over the range studied, 
is given by the formula 


«- = 0-97844 — 0-001004¢ + 2-5 x 10°7#. 


Values calculated from this formula are in good agreement with 
the determinations of Briihl (Annalen, 1880, 203, 80) and Eijkman 
(Rec. trav. chim., 1893, 12, 157). The densities of solutions shown 
in the table are in fair agreement with measurements at 25° and 35° 
by Drucker (Z. physikal. Chem., 1905, 52, 649), whose work refers 
mainly to dilute solution, and at 25° by Ludeking (Ann. Physik, 
1886, 27, 72), whose results cover the whole range of concentrations 
but are not accurate enough for the purpose in view. 

The change of density with concentration is unsuitable for 
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illustration in a small-scale graph; we have therefore plotted in 
Fig. 1 the expansion on formation of 1 g. of solution from its con- 
stituents (AV) at 0° against the percentage composition of the 
solution. If d is the density of a solution containing x% of acid, 
and d’ and d’ are the densities of the pure acid and water respectively 
at the same temperature, 


AV = 1/d — x/100d’ — (100 — x)/100d”’ 

= 1/d — 1/d” + 2a(1/d’" — 1/d’)/190, 
the second form of the equation being more suitable for numerical 
calculations. An abrupt change in the slope of the curve, such as 


Fie. 1. 


=e 
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we had been led to expect, is noticeable at a concentration of about 
15% of acid. At higher temperatures the curves obtained are of 
the same general form. 

Partial specific volumes of water and acid have been evaluated 
by a graphical method described by Hildebrand (‘ Solubility,’ 
American Chemical Society Monograph, 1924, p. 64) and are shown 
in Fig. 2 (for the sake of clearness the values for water at 12° and 
18° are omitted). The partial specific volume of water changes 
very rapidly when its concentration is low, and it is impossible 
to calculate its limiting value (in pure acid) from our data. The 
limiting value given for the partial specific volume of butyric acid 
in pure water is also doubtful, since we have not made a special 
study of extremely dilute solutions, where the effect of ionisation 
would become appreciable. Fig. 2 shows that the partial specific 
volumes of both constituents change very rapidly when the con- 
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centration is about 12—15% of acid; that, as the temperature is 
raised, the change tends to become less abrupt; and that the con- 
centration at which the change is greatest decreases with rise of 
temperature, being 15-0% of acid at 0°, 13:7% at 12°, 13:0% at 
18°, 12:3% at 25°, and 120% at 35°. The results of this work 
confirm, therefore, the existence of micelles in butyric acid solutions. 


Fra. 2. 
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Summary. 


It is argued that micelle formation must lead to abrupt changes 
in the slope of physical property-composition curves. 

The densities of butyric acid—-water mixtures at 0°, 12°, 18°, 25°, 
and 35° have been measured and partial specific volumes calculated. 

The results obtained support the contention of Jones and Bury 
that micelle formation occurs in these solutions. 

Epwarp Davies CHEMICAL LABORATORIES, 


University COLLEGE OF WALES, 
ABERYSTWYTH. [Receivied, November 6th, 1928.] 
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XCVIII.—Chromatocobaltiammines. Part II. The Di- 
chromatotetramminecobaltiates and the Maximum 
Co-ordination Number of Cobalt. 


By Samus, Henry Cuirrorp Briaes. 


In a former paper (J., 1919, 115, 67) it was shown that the chromate 
radical may constitute part of a complex kation, filling either one 
co-ordination position, as in the chromatopentamminecobaltic 
salts (1), or two positions, as in the chromatotetramminecobaltic 
series (II). In the present paper a series of compounds is described 
in which the chromate radical forms part of a complex anion. 
5NHg | 4NH 2CrO 
ie, 2 AID Gm SR Sa 

(I.) (II.) (III.) 

These compounds, the dichromatotetramminecobaltiates (III), are 
obtained when a solution of a diaquotetramminecobaltic salt is added 
to a sufficiently large excess of a concentrated solution of an alkali 
chromate and the solution is kept for several days at the ordinary 
temperature. ‘Two crystalline forms have been prepared, one being 
yellowish-green to deep green and the other greenish-yellow to 
brown. The presence of dichromate in the solution appears to 
favour the production of the brown form. 

The investigation of these substances is complicated by the fact 
that they are all decomposed by acids, alkalis, or hot water, and are 
also only slightly soluble in water and therefore cannot be recrys- 
tallised. Their solutions in cold water decompose within a few hours. 

If it be assumed that the cobalt atom has the co-ordination num- 
ber six, then each chromate radical will occupy one co-ordination 
position, the two radicals having the trans-configuration in the 
green form (IV) and the cis-configuration in the brown form (V) 
as indicated by the colour of the compounds. Sodium, potassium, 
lithium, and magnesium salts have been investigated. The sodium 
and magnesium compounds have been prepared in both forms, 
whereas only the brown lithium salt and the green potassium salt 
have been obtained. 


CrO, CrO, 


3|_ NH, s|__cro, C 
JY Q86H,0) | Co ANH 
2H,O . 


LP fry 


(v.) NH, (VE) 


The green magnesium salt appears to have a different constitution 
BB 
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from the others. This salt contains ten molecules of water; six of 
these, being given off in a few days in a vacuum over sulphuric 
acid, are presumably the six molecules of water of crystallisation 
frequently associated with magnesium salts and attached to the 
magnesium ion, and the other four are evolved very slowly during 
several weeks, the colour meanwhile changing from green to brown. 
This colour change shows that the four molecules are associated 
with the anions. Since the green colour cannot be restored by 
hydration, the colour change to brown must represent a change in 
the configuration of the anion itself. Such a change could hardly 
occur if the water molecules were merely addenda to the anions, 
and it would therefore appear that they are part of the complex 
itself, the formula of the compound being (VI), in which the cobalt 
atom has the co-ordination number eight. From the green colour 
it may be assumed that the ammonia molecules in (VI) are all 
in one plane as in (IV), perhaps the diagonal plane of a cube, and on 
removal of the four water molecules their relative positions are 
changed, giving the cis-form with co-ordination number six (V). 
On the other hand, if the co-ordination number were eight in all 
the other compounds of the series, with each chromate radical 
occupying two co-ordination positions as in (II), and each co- 
ordination position representing the corner of a cube (compare 
Matsuno, J. Coll. Sci. Imp. Univ. Tokyo, 1925, 45, No. 8), then 
the dichromatotetramminecobaltiates should exist in three forms. 
It was thought that a third and more soluble form might possibly 
be present in the very dark solution from which the compounds are 
prepared, but attempts to isolate it by increasing the proportion of 
cobalt salt gave only an insoluble compound of the formula 


Co,(CrO,),,8NH;,H,O. It should be noted that according tof 


Matsuno (loc. cit.) cobalt has the co-ordination number eight in 
some of the pentammine salts, as shown by the preparation of the 
compound [Co(5NH,)(C,0,)C1] in two optically active forms. 

It was shown by Ray and Sarkar (J. Indian Chem. Soc., 1925, 1, 
289) that the dichromate radical also may form part of a cobalti- 
ammine co-ordination complex, and this has been confirmed by thefi 
preparation of a compound of the formula Co,(Cr,0,)3,9NH;3,4H,0 
by the action of an excess of sodium dichromate on diaquotetran- 
minecobaltic nitrate. One molecule of water appears to be con-¥j 
stitutional, and the simplest structure is 

| HL, OCo*Cr,0,-Co,5NH, | (Crj0,,)9,3H,0, 

but as the compound is almost insoluble in water this cannot ¢ 
definitely decided. 

Attempts to prepare ammonium dichromatotetramminecobaltiaté 
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rere not successful, a pentammine derivative being obtained. The 
alysis ‘of this substance corresponds to the formula 


5NH 
NH,),CrO ike | Cr, 
(NH,4),CrO, °crO, Pe. 


sith co-ordination number six, or NH, | Conse: | with co-ordin- 


htion number-eight, but here again the precise determination of the 
mstitution is prevented by the insolubility of the compound. 


EXPERIMENTAL. 

The general method for preparing the diaquotetramminecobaltic 
lution was to decompose carbonatotetramminecobaltic nitrate 
|g.) with dilute hydrochloric acid (1 c.c. of concentrated acid to 
c.c. of water). 
Sodium trans-Dichromatotetramminecobaltiate—The solution of 
he diaquo-compound from 6 g. of carbonatotetramminecobaltic 
litrate was added with vigorous stirring in the cold to a solution 
f 150 g. of sodium chromate tetrahydrate and 5 g. of sodium 
lichromate dihydrate in 120 c.c. of water, the dichromate being 
ided to reduce the alkalinity of the solution. A green, micro- 
rystalline precipitate began to separate slowly after a few hours, 
bi) g. being deposited during 3 weeks. On adding a solution of 
liaquotetramminecobaltic salt to the mother-liquor, a further 
jantity was obtained. The green compound was anhydrous 
ound: Na, 5:2; Co, 15-4; CrO,, 52-2; NHg, 17-8. Nal Cofwar | 
quires Na, 6-0; Co, 15-4; CrO,, 52-3; NH, 17-8%). , 
When the salt was shaken with a large amount of cold water it 
lissolved, leaving a small quantity of a green residue. As it was 
hought that this might be an impurity with a lower sodium content, 
0g. of the preparation were repeatedly extracted with 750 c.c. of 
id water until only 1 g. of solid remained [Found: Na, 4-6; 
0, 17-4; CrO,, 46-7; NH,, 16-6; H,O, loss over sulphuric acid, 
#8. Na,Co,(CrO,),0H,1ONH;,2H,O requires Na, 4:5; Co, 17:3; 

103, 48-7; NH, 16-6; 1H,O, 1-8%]. If the material was a homo- 
neous compound originally present as an impurity, it was evidently 
highly complex polynuclear substance. It may, however, have 
en contaminated by the products of decomposition of the bulk 

ubstance by water, and thus it is not possible to draw any definite 
bnclusions as to its constitution. 
Sodium ¢rans-dichromatotetramminecobaltiate dissolves in about 
a) parts of water at 20°. On standing for a few hours in the cold 
i solution changes in colour from green to yellow and a brown 


iataecipitate of impure chromatohydroxotriamminecobalt (J., 1919, 


15, 75) is formed. 
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Sodium cis-Dichromatotetramminecobaltiate.—The solution of di- 



















































aquotetramminecobaltic salt from 6 g. of the carbonatotetrammine. v 
cobaltic nitrate was added in the cold to a solution of 110 g. of dai 
sodium chromate and 60 g. of hydrated dichromate in 160 c.c. of 
water. At the winter temperature a mixture of compounds first § th. 
separated and two fractions were discarded, but the third was tet: 
homogeneous, consisting of greenish-brown crystals (Found: H,0, § gh 
5-0. A monohydrate requires H,O, 45%. Found in anhydrous § ,ix 
compound: Na, 5:2; Co, 15-4; CrO;, 52-6; NHgs, 180%). The gre 
salt was very slightly soluble in water, giving a yellow solution. NH 
Lithium cis-Dichromatotetramminecobaltiate—Lithium chromate §f jn 
was prepared by heating an excess of lithium carbonate with § (y] 
chromic acid on the water-bath and evaporating it to crystallisation, Ou} 
but analysis showed the salt to contain some dichromate. Toa 17 
solution of this preparation containing 47 g. of the chromate and §f fro, 
9 g. of the dichromate in 100 c.c. of water, a solution of the ff rep. 
diaquotetramminecobaltic salt from 4 g. of carbonatotetrammine-§ 140 
cobaltic nitrate was added; after twelve days, 1-5 g. of greenish-§ rom 
brown crystals had separated (Found: Li, 1-4; Co, 15-1; CrOg, 50-2;8 mix 
H,O, 6-6; NH,, 17-7. 2ki| Cofnn! |:3H:0 requires Li, 1-8; Co, bein 
3 coba 
15-0; CrO,, 50-9; H,O, 6-9; NH, 17-3%). we 
Lithium chromate free from dichromate was then prepared by§ 7, 
adding to a solution of the mixed chromate and dichromate theff 5 97 
calculated amount of a solution of lithium carbonate. The salt ,..., 
obtained by crystallising this solution was used in an attempt tof 4, ; 
prepare the green lithium compound, but the product was identical prop 
with the greenish-brown salt just described. « aon 
Potassium trans-dichromatotetramminecobaltiate was prepared inff i ¢,) 
a very impure condition as a dark green powder when a solution 
of the diaquotetrammine nitrate was added to a large excess of a brow 
concentrated solution of potassium chromate. When a little of ¢) 
dichromate was also present, what appeared to be a mixture of the NH 
green and brown forms was produced, but, owing to the slight" 
solubility of potassium dichromate in a solution of chromate, theff 53-9 ; 
suitable conditions for preparing the brown compound could not be WI 
attained. The green form was obtained in a purer state accidentally then t 
when the mother-liquor from the preparation of trichromato wie 
octamminedicobalt (J., 1919, 115, 73) was kept for some days i 
the neighbourhood of 0°. The compound was analysed after being qui 
kept for some months in a desiccator over calcium chloride (Found bom 
a 
K, 8:7; Co, 14-6; CrO,, 50:5. K| Copy! | requires K, 98; Off cota1 
14-8; CrO,, 50:2%). Its green solution gave a greenish-browgg soluti 
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precipitate with copper sulphate, no precipitate with zinc sulphate, 
and with silver nitrate a brown precipitate which rapidly became 
dark red, the colour of silver chromate. 

Magnesium Salis ——The green compound was prepared by adding 
the diaquotetramminecobaltic solution from 10 g. of carbonato- 
tetramminecobaltic nitrate to a solution of 150 g. of magnesium 
chromate and 5 g. of chromic anhydride in 400 c.c. of water. After 
six days, 2-9 g. of the compound were obtained in brilliant, dark 
green, doubly refracting crystals [Found: Co, 12:9; CrO,, 43-6; 
NH,, 14:8. Loss at 95° in 2 hours, 11-2; in 98 hours, 18-2. Loss 
in a vacuum over sulphuric acid in 2 weeks, 11-4; in 12 weeks, 19-3. 
(VI) requires Co, 12-8; CrO,, 43-4; NH;, 14:8; 6H,O0, 11-7; 
91H,O, 18:3; 10H,0, 19-5%]. 

The brown form was only obtained mixed with the green form, 
from which it could not be separated. The above experiment was 
repeated with 3 g., 60 g., and 10 g. of the respective compounds in 
140 c.c. of water; the deposit which separated after two days was 
removed, and after 16 days at the summer temperature 1-1 g. of a 
mixture of brown and green salts were produced, a further quantity 
being obtained after addition of more of the diaquotetrammine- 
cobaltic solution. Under the microscope, the preparation appeared 
to consist of approximately equal amounts of the two compounds. 
The total loss of water on dehydration was 12-3% (equivalent to 
5:8H,0), of which 3-6% was evolved very slowly during three 
months as against 7-7% required for the pure green compound. 
As the two salts appeared to be present in approximately equal 
proportions, it may be taken for granted that the whole of the 
“constitutional ” water came from the green component, from which 
it follows that the brown anion is anhydrous and the formula of the 


brown salt in the mixture is (Mg,2H,O) | Cops: | 


3_te 
of the dehydrated mixture gave MgO, 5-3; Co, 15-8; CrO,, 53-8; 
NH,, 18-8. Mg | Coss | requires MgO, 5-4; Co, 15-9; CrO,, 
3_le 
539; NH, 18-4%. 

When the green magnesium salt was completely dehydrated and 
then treated with water at the winter temperature, a brown hexahydrate 
Bf vas obtained {Found : total loss at 95°, 13-9. (Mg,6H,0) | Cope | 

3_te 


ing Tequires 6H,O, 12-8%}. 

The compound Co,(CrO,)3,8NH3,2}H,O separated after four hours 
as a dark chocolate-coloured powder when the diaquotetrammine- 
cobaltic solution from 4 g. of the carbonato-nitrate was added to a 
solution of 21 g. of sodium chromate in 27 c.c. of water. In a 


. The analysis 
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vacuum over sulphuric acid it lost 14H,O (Found: loss, 4-1, 4.2. 
Cale.: 4:2%) to give the monohydrate [Found: Co, 18-7; Cr0,, 
48-2; NH,, 23-0. Co,(CrO,)5,8NH;,H,O requires Co, 19-0; Cr0,, 
48-4; NH,, 22-0%]. A similar preparation from magnesium 
chromate contained Co, 19-0; CrO,, 48-5; NHg;, 23-7%. 

The Action of Sodium Dichromate on Diaquotetramminecobaltic 
Salts.—The diaquotetramminecobaltic solution from 5 g. of carbon. 
atotetramminecobaltic nitrate was added to a solution of 150 g. of 
sodium dichromate dihydrate in 150 c.c. of water and the solution 
was kept at the summer temperature (below 10° a mixture of com. 
pounds is produced). After three days, 3-9 g. of brownish-black 
crystals were obtained [Found: Co, 11-8; CrO,, 60-8; H,0, after 
56 days in a vacuum over sulphuric acid, 5-5; NHg, 
Co,(Cr,0,)3,9NH ;,4H,O requires Co, 11-9; CrO,, 60-5; 3H,0, 5-45; 
NH;, 15°-5%]. When the compound was heated to a sufficiently 
high temperature to expel the fourth molecule of water, general 
decomposition occurred with evolution of ammonia. 

The Action of Ammonium Chromate on Diaquotetramminecobaltic 
Salts —The diaquotetramminecobaltic solution from 5 g. of the 
carbonato-nitrate was added to a solution of 100 g. of ammonium 
chromate and 5 g. of chromic anhydride in 270 c.c. of water. A 
slight precipitate was removed by filtration and the solution kept 
in a warm room. A dark reddish-brown crystalline deposit slowly 
separated which was only very slightly soluble in water {Found: 


Co, 15:1; CrO,, 50-6; NH,, 25-0. (NH,),Cr0,| Copeg,? i! Cr0, 
requires Co, 15-0; CrO,, 50-7; NH, 25-9%}. 
[Received, December 11th, 1928.]} 





XCIX.—Studies of Electrolytic Polarisation. Part VII. 
Complex Cyanides:: (a) Silver. 


By SAMUEL GLASSTONE. 


During the course of an investigation of the rates of dissolution of 
various electrodes under the influence of alternating current, Le 
Blane and Schick (Z. Elektrochem., 1903, 46, 213; Z. physikal. 
Chem., 1903, 9, 636) observed that with potassium cyanide as 
electrolyte the rate at which a silver electrode dissolved fell off 
rapidly with increasing frequency of the current alternations, and 
even when the frequency was quite small a negligible amount dis- 
solved. Since the silver ions formed during the anodic pulses of 
the current probably combine readily with cyanide ions to form 
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complex argentocyanide ions, Le Blanc and Schick suggested that 
the latter must in turn dissociate rapidly so that silver may be 
deposited during the cathodic pulses in amounts almost identical 
with those which dissolved when the electrode was acting as an 
anode. This view appeared to obtain confirmation from the work 
of Brunner on the variation of cathodic potential with increasing 
current density (C.D.) during the direct current electrolysis of com 
plex cyanide solutions (Diss., Zurich, 1907; see Foerster, Z. Elektro. 
chem., 1907, 13, 561). With a solution containing N’/10-potassium 
argentocyanide and N/5-potassium cyanide it was found that the 
deposition potential of silver varied only slightly with C.D., and 
Foerster (loc. cit.) explained this observation by the aid of the con- 
clusion of Le Blanc and Schick concerning the rate of dissociation 
of argentocyanide ions. If the latter come rapidly into equilibrium 
with free silver and cyanide ions, then the concentration of silver 
ions in the immediate vicinity of the electrode will not change 
appreciably during the process of electrodeposition, and hence there 
should be very little concentration polarisation even at high C.D.’s. 
In the present paper it is shown that the apparent absence of 
polarisation, as observed by Brunner (loc. cit.), does not necessarily 
mean that the argentocyanide ion dissociates rapidly, but calcul- 
tions made during the course of this work tend to confirm that view. 
It is also shown that the complex ion may dissociate rapidly even 
when cathodic polarisation appears to be considerable, because 
under certain conditions a small decrease in the silver-ion con- 
centration may cause a large change in the electrode potential. 
Silver and copper are supposed to behave differently during 
deposition from complex cyanide solutions, but the observations 
were made by different authors and not necessarily under the same 
conditions; thus it is not certain if the solutions were always 
stirred during the course of cathode-potential measurements made 
by Spitzer (Z. Elektrochem., 1905, 11, 345), Hoing (ibid., 1916, 22, 
286), and Brunner (loc. cit.). Further, in every case, the so-called 
“direct ’ method of measurement with the polarising current 
flowing was used, and this method, especially with solutions of low 
conductance, is liable to give erroneous results at high C.D.’s (see 
Glasstone, J., 1924, 125, 250); such errors may mask important 
changes in the true cathodic potential. Since the published work 
on the change of deposition. potentials of various metals from 
complex cyanide solutions is of limited scope, a further investigation 
seemed desirable, especially in view of the importance of such 
solutions for electroplating and for the electrodeposition of alloys. 
In this work the commutator-extrapolation method was used for 
measuring cathode potentials (Glasstone, loc. cit.), and the general 
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conditions were kept as uniform as possible. As part of the com. 
parative studies now being made on the electrochemical properties 
of solutions containing complex ions, the present paper contains 
an account of the results obtained during the electrolysis of argento. 
cyanide solutions. 

In the course of the present work it became desirable to know 
how the reversible, or static, potential of a silver electrode against 
an argentocyanide solution varied with the amount of free cyanide 
present. For this purpose a rough electrometric titration of silver 
nitrate with a sodium cyanide solution was performed using a silver 
indicator-electrode. ‘Treadwell (Z. anorg. Chem., 1911, 71, 219) 
and Miller and Lauterbach (ibid., 1922, 121, 178) have titrated 
solutions containing potassium cyanide with silver nitrate, but 
these authors were seeking an accurate end-point for the titration 
rather than the actual potential values; in the present work the 
exact end-point was a minor consideration, but the static electrode 
potential values were important. 

In order to make this investigation of argentocyanide solutions 
reasonably complete, the current efficiencies for metal deposition 
were determined under various conditions. The influence of certain 
ions, which are supposed to affect the nature of the silver deposit, 
has been examined, and the theory of silver deposition discussed. 


EXPERIMENTAL. 


For most of the work sodium cyanide was used, as a good specimen 
was available, although previous workers in this field used the 
potassium salt; reference is made below to the possible differences 
in behaviour of these two salts. The silver nitrate was a recrystal- 
lised commercial product. 

Cathode-potential Measurements.—The silver cathodes were gener- 
ally of about 10 sq. cm. exposed area, and were made by depositing 
a thick layer of the metal, from an argentocyanide bath, on thin 
sheets of copper cut to the requisite size; the anode consisted of a 
short piece of platinum wire. No attempt was made to separate 
the anode and cathode compartments except in some preliminary 
work in which measurements were made in an atmosphere of 
hydrogen; as the results obtained in this way were very similar 
to those obtained ordinarily, the more complicated procedure was 
not continued. In order to avoid-the possible influence of the 
nitrate ion acting as a depolariser, the electrolytic solutions were 
prepared as follows. A known amount of silver nitrate solution 
was precipitated with the theoretical quantity of cyanide solution; 
the silver cyanide was filtered off, washed quickly, and dissolved in 
the requisite amount of standard sodium cyanide solution. For 
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the preparation of solutions containing equimolar amounts of sodium 
and silver cyanides, the solution of sodium cyanide was vigorously 
shaken for some time with excess of silver cyanide; the latter 
was then filtered off and the clear liquid used. In the measurement 
of the cathode potentials, the polarising current was increased by 
stages and held constant for a minute or two before the back 
| £.M.F. of the electrode was measured by means of the commutator 

described previously (J., 1923, 123, 2926); the results were extra- 
polated by the method described in connexion with the work on 
zinc alloys (J., 1927, 642). The reference electrode was in every 
case a calomel half-element containing a saturated solution of 
potassium chloride; no allowance was made for diffusion potentials. 

Current Efficiencies.—The current efficiencies for silver deposition 
were investigated in a separate series of experiments, in which a 
bulk of electrolyte was used sufficient to prevent any appreciable 
alteration in the concentration of the solution during the process of 
deposition. Since silver dissolves slowly in cyanide solutions in the 
presence of oxygen, an allowance was made for this on the weight 
actually deposited on the cathode; the correction required was 
never very considerable and was determined by a separate experi- 
ment with each solution used. 

Unless otherwise stated, experiments were carried out at room 
temperature (15°). All electrode potential measurements are 
expressed on the hydrogen scale. 

Results—Table I gives the cathodic potentials (C.P.) and percent- 
age current efficiencies (C.#.) for silver deposition at various C.D.’s 
from an N/10-sodium argentocyanide [NaAg(CN),] solution (I), and 
from such a solution containing in addition N/10 (II), 3N/10 (III), 
6N/10 (IV) and 9N/10-sodium cyanide (V). The results for solu- 
tions I and V are plotted in Fig. 1. 


TABLE I, 


Cathode Potentials and Current Efficiencies. 
I. II. I. IV. v. 


ee, me ee. ———, —— ieee 
OP. CE. C.P. CE. O.P. CE. C.P. C.E. C.P. C.E. 
+000 — -088 — -042 — -046 — -050 — 
0-10 100 —034 100 —043 100 -—0-47 100 -—0-51 100 
—O01 e amp ayy aut suits 
—0-23 he ons nn _ ant 
—028 "* -036 100 -044 100 -—048 100 -—052 100 
~~. ,. ea . 2 ,. 08 . O08 « 
—0-39 -049 5 -052 , -O054 , 066° .. 
—0-63 -066 76 -064 76 -065 78 -069 79 
—1-:18 —126 60 —110 62 -109 58 -—112 58 
—1-42 —142 44 -144 44 -145 44 -150 43 


Electrometric Titration of Silver Nitrate with Sodium Cyanide.—A 
known volume of N/5-silver nitrate solution was placed in a wide 
tube fitted with a cork carrying a connexion to the silver indicator- 

BB2 





694 GLASSTONE: STUDIES OF ELECTROLYTIC POLARISATION. 


electrode, a tube containing potassium chloride solution for con. 
necting with a standard electrode, and the end of a burette con. 
taining N/5-sodium cyanide. Definite quantities of the latter 
solution were added to the silver nitrate, the mixture shaken and 
the electrode potential of the silver measured. It was found 
essential to shake the mixture vigorously for some time before 
taking a measurement, otherwise very misleading results were 
obtained. As the detailed values are not required for the purposes 
of the present work, they are omitted, but the variation of electrode 
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potential with increasing amounts of added cyanide is plotted in 
Fig. 2. Points. corresponding to important ratios of silver cyanide 
to sodium cyanide are marked on the curve. 

A preliminary examination of the C.D.-C.P. curves in Fig. 1 
would suggest that in a solution of sodium argentocyanide not con- 
taining any excess of free cyanide (solution I), there is considerable 
polarisation during metal deposition, since the cathodic potential 
increases fairly rapidly with increasing C.D. If an appreciable 
excess of free cyanide is present in the solution, as in (V), however, 
there is very little variation in the cathode potential for C.D.’s 
below 0-0025 amp./cm.?, and the polarisation during silver depos- 
ition appears to be negligible. In the latter solution the free silver- 
ion concentration, as calculated from the static potential (— 0-50 
volt), is apparently much less than in the former solution in which 
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the potential of a silver electrode is + 0-0 volt, and hence one 
would expect the polarisation effects to be reversed. The explan- 
ation of this anomaly can be found in the electrometric titration 
curve (Fig. 2). The potential of a silver electrode in an argento- 
cyanide solution containing no excess of free cyanide is repre- 
sented by a point near the centre of the second vertical portion of 
the curve. It is clear, therefore, that any small decrease in the 
ratio of silver ions to cyanide ions will cause the silver electrode 
potential to become rapidly more negative until a value of about 
— 0:3 volt is reached; beyond this point a further decrease in this 


Fig. 2. 
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ratio will result in a gradual increase in the negative potential of 
the silver until a value of about — 0-55 volt—the static potential 
in an N/2-cyanide solution containing no added silver ions—is 
reached. During the electrolysis of the argentocyanide solution (I), 
the deposition of even a small amount of silver on the cathode will 
cause a slight change in the Ag/CN’ ratio in its immediate vicinity, 
and hence the cathode potential will rise rapidly. As the C.D. is 
increased, the rate of silver deposition is further increased, and the 
reduction of the Ag/CN’ ratio will continue; the cathode potential 
will thus rise fairly rapidly to — 0-3 volt, and then more slowly to 
about — 0-5 volt. The C.D.—-C.P. curve thus gives in this case the 
impression of considerable polarisation, especially at low C.D.’s. 
With solution (V), which already contains a large excess of cyanide, 
the static potential is represented by a point on the long horizontal 
part of the electrometric titration curve; any change in the Ag/CN’ 
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ratio will, consequently, cause very little alteration to the electrodell; 


potential. In this case, therefore, although silver ions may beMenti 


removed from the solution quite rapidly as a result of electro. 
deposition, no appreciable change occurs in the cathodic potential fii 
and hence there is apparently no polarisation with increasing C.D. 

In all solutions a condition must be reached in which the silver 
ions are being deposited on the cathode as fast as they are being 
brought up to it by diffusion and by other processes; at this point 
the thin layer of electrolyte in direct contact with the electrode 
may be regarded as virtually a solution of sodium cyanide containing 
no silver ions. The electrode potential of silver in such a solution 
is about — 0-5 volt, and hence, when this cathodic potential js 
reached, as a result of increasing the C.D., the silver is being 
deposited at its maximum rate under the particular conditions of 
the experiment. This occurs in general for a solution containing 
N/10-argentocyanide, with or without excess of free cyanide, at a 
C.D. of 0-0025 amp./cm.?; for an N/50-solution the limiting C.D. 
is about 0-0005 (see below). If the C.D. is increased beyond this 
point, then silver ions cannot be brought up to the cathode sufficiently 
rapidly to satisfy the requirements of the current, and so another 
process must commence; this is undoubtedly the discharge of 
hydrogen ions, which, if it occurred reversibly, should set in at a 
potential of about — 0-65 volt in the solutions under discussion 
(Pa approx. 11). As a result of hydrogen overvoltage at a silver 
cathode, however, the gas is not liberated freely until a potential 
of — 0-85 volt is reached (compare Watts and Brann, T'rans. Amer. 
Electrochem. Soc., 1917, 31, 303). The cathodic potential of aff 
polarised silver electrode should thus increase rapidly from — 0:55 
to — 0-85 volt, and at the same time the current efficiency for 
metal deposition should fall below 100%. The results obtained in 
the present work are in complete agreement with these views. 

If the C.D. is increased beyond the point at which gas evolution fi 


commences, it will be seen from Table I that the cathodic potential BV 


continues to increase rapidly until a value of about — 1-4 volts is 

attained ; the subsequent increase is, however, not so sudden. The 

cathodic potentials for hydrogen evolution at a silver electrode in 

an N /2-sodium cyanide solution containing no silver salts have been 

determined, and the results show that the tendency is exactly the 

same : 

C.D. x 104 : . . . — -. 

./em.2) 1 2 

Ponte —0-61 —0-67 —0-94 —1-27 —1:35 —143 —ll 
It is not improbable that the rapid increase of potential to — 147% 

volts may be connected with the discharge of sodium ions to form 
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,sodium-silver alloy; the current is carried to the cathode almost 
antirely by these ions and they will accumulate in its immediate 
vicinity. At high C.D.’s some may be deposited, only, however, 
in the form of an alloy in which the free energy of the sodium is 
very much below its normal value (compare Haber and Sack, 
j. Elektrochem., 1902, 8, 245; Sack, Z. anorg. Chem., 1903, 34, 286). 

Rate of Dissociation of Argentocyanide Ions.—A consideration of 
the arguments presented above will show that the actual shape of 
the C.D.-C.P. curve does not give any direct information con- 
cerning the rate at which the argentocyanide ion comes into 
equilibrium with silver and cyanide ions; if the process occurred 
slowly, the shape of the curve would not be altered, but the limiting 
(.D. beyond which the current efficiency drops below 100% would 
be affected. From the results of the present work it is possible, 
however, to obtain some idea of the rate of dissociation of argento- 
cyanide ions into simpler ions from which silver deposition can 


LU, goccur. 


If the diffusion constant of argentocyanide ions and the thickness 
of the diffusion layer (compare Glasstone, J., 1925, 127, 1824) are 
known, the maximum rate of diffusion of these ions to the cathode 
can be calculated by the aid of Fick’s law. At the ordinary tem- 
perature the diffusion constants of most simple salts are between 
1 and 1-5 (Oholm, Z. physikal. Chem., 1904, 50, 309), and hence 
we shall probably not be greatly in error if we take the value for 
the argentocyanide ion as 1-2. The thickness of the diffusion 
. layer in the vicinity of an active electrode has only been determined 
ina few cases (Brunner, ibid., 1904, 47, 56; Wilson and Youtz, 
if/. Ind. Eng. Chem., 1923, 15, 603), but the result obtained by Wilson 
and Youtz for an unstirred solution, viz., 0-05 cm., may be taken 
as typical. From these values, and upon the assumption (used by 
the latter authors) that the concentration of ions at the electrode 
in the limiting case is zero, it may be calculated that from an 
V/10-argentocyanide solution, assumed to be completely dissociated, 
the maximum rate of diffusion of these ions to the electrode is 
00024 g.-equiv. per day per sq. cm. of electrode surface. On the 
other hand, it may be calculated from the value of the limiting 
C.D., which is in the present case 0-0025 amp./cm.?, that the rate 
of silver deposition under these conditions is 0-0022 g.-equiv./day/ 
om.*. In view of the approximate nature of the calculations, the 
agreement between the maximum rate of diffusion of argentocyanide 
ions to the electrode and the rate of silver deposition is very striking, 
and indicates that the argentocyanide ions come into equilibrium 
most instantaneously with simpler ions from which silver is 
deposited on the cathode. 
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Influence of Dilution, Temperature, and Stirring—The cathode. 
potential and current-efficiency measurements at various C.D’, 
were repeated, at ordinary temperatures, in solutions (I) and (V) 
in which was placed a stirrer rotating at 500 r.p.m. A similar series 
of observations was also made on these solutions at 70°, without 
stirring. The results of these experiments are given in Table II. 
In order to determine the effect of dilution, solution (V) was diluted 
with water to five times its original volume, and series of measure. 
ments were made in the stirred and unstirred solutions at ordinary 
temperatures and in the latter at 70°. The results are given in 
Table III. 

TaBLeE II. 


Solution stirred. Solution at 70°. 
I. V. Z V. 

C.D. x 104 —e —_—s7 erwowe— =___— 
(amps./em.?). C.P. C.E£. C.P. C.E. OP. OB. OP. 0.2. 

—0:00 — —050 — 0-02. — —0:50 — 

—0-05 100 —0-51 100 —0:-02 100 —0-51 100 

—0-09 — —0-06 a 

—0-15 — —0-15 = ,, 

—0-20 — —0-21 “a 

—0-25 —0-53 100 —0:26  ,, 

—0°31 —0-54 =, —0-29 

—0-38 —0-°58 90 —0°33 

—0-44 —0-65 72 —0-60 81 

—1-05 —1-10 59 —1-10 





TaBxeE III. 
Solution (V) diluted five times. 


Temperature 15°. Temperature 70°. 


Unstirred. Stirred. Unstirred. 
C.D. x 104 —_e "+. aE. a 
(amps./em.?), C.P. C.E. C.P. C.E. CO. C.E. 
—0-45 —0-45 — 0-46 
—0°47 100 —0-46 100 —0-47 100 
—0-48 in —_ 
—0-50 85 —0-49 . 100 —0-48 
—0-52 oe ibe 
10 —0-56 — — 
15 —0-72 52 — 0-52 100 — 0-50 
25 —1-09 40 —0-54 85 —0-52 
50 — 1-42 25 —0-91 34 —0-70 
100 — 1-49 23 — 1-45 28 — 1-25 
200 — 1-55 — —1-51 — — 1-29 


Since agitation of the solution increases the rate of diffusion of 
ions to the electrode, probably as a result of a thinner diffusion 
layer, it is to be expected that if the electrolyte is stirred the limiting 
C.D. at which the efficiency for metal deposition is 100% will be 
raised. Under the conditions of the present work, with stirring 
at the rate of about 500 r.p.m., the limiting C.D. has been approx: 





PART VII. COMPLEX CYANIDES: (@) SILVER. 699 


imately doubled in the N/10-solutions (Tables I and II), but 
increased about four-fold in the N/50-solution (Table III). The 
effect of raising the temperature to 70° appears to be almost the 
same as that of the particular type of stirring used in these experi- 
ments. Since the argentocyanide ion is already dissociating rapidly 
into simpler ions at the ordinary temperature, an increase of tem- 
perature can have relatively little influence in this connexion, and 
hence the effect of raising the temperature is merely to increase 
the velocity of ionic diffusion, and possibly to decrease the thickness 
of the diffusion layer. 

For the NV /50-argentocyanide solution it can be calculated, on the 
basis of the assumptions stated above, that the maximum rate of 
diffusion of the complex ions to the electrode is 0-00048 g.-equiv./ 
em.?/day, whilst the rate of deposition of silver at the limiting C.D. 
is 000044 g.-equiv. The agreement is again good and confirms the 
view that the argentocyanide ion dissociates rapidly, even in dilute 
solution. 

Theory of Silver Deposition from Argentocyanide Solutions.—The 
oldest view concerning the mechanism of silver deposition from 
cyanide solutions—one which is still held by many authors—is 
apparently due to Hittorf (see Dean and Cheng, Chem. Met. Engq., 
1918, 19, 83; Hughes, “ Modern Electroplating,” 1923, p. 115). 
This theory supposes that the alkali-metal ion is first discharged at 
the cathode, and that the sodium or potassium then reacts with 
argentocyanide ions to produce silver, thus: K*+ O—>K; 
K + Ag(CN),’—-+> K* + 2CN’+ Agy. According to Dean and 
Cheng, since silver is produced as the result of a secondary reaction, 
there is no opportunity for the crystals to grow, and so the metal 
is deposited at random; this is said to account for the production 
of small crystals and a smooth deposit. The normal deposition 
potential of the alkali metals is in the vicinity of — 3-0 volts, and 
even allowing for a considerable reduction of free energy as a result 
of alloy formation, it is extremely doubtful if there can be any 
appreciable discharge of sodium ions at a potential of, say, — 0-3 volt, 
at which silver deposition from a cyanide solution can occur readily. 
This theory may therefore be regarded as highly improbable (see 
also Sanigar, Rec. trav. chim., 1925, 44, 549). An alternative 
theory, which has obtained considerable support, is that silver ions 
produced by the rapid dissociation of argentocyanide ions are 
directly deposited on the cathode (compare Sanigar, loc. cit.), and 
that the smooth deposit is due to the minute concentration of 
silver ions in the electrolyte. Haber (Z. Elektrochem., 1904, 10, 
433) has pointed out, however, that since the silver-ion concen- 
tration is so small, a reasonable rate of metal deposition would 
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involve electron velocities which must be regarded as impossibly 
great. Bodlander (ibid., p. 604) then suggested that the complex 
anion—Ag(CN),” is mentioned—takes up a negative charge at the 
cathode and forms an unstable ion Ag(CN),’”, which immediately 
dissociates into Agy and 3CN’. If this mechanism were correct, 
we should have a case of the deposition of an anion on the cathode ! 
The possibility of silver deposition occurring through the discharge 
of a complex kation has not yet been suggested, but this view is 
not improbable. Transport experiments by Hellwig (Z. anorg. 
Chem., 1900, 25, 157) indicated that the double salt 2AgNO,,AgI 
gave complex kations of the form (Ag,I)° and (Ag,I)” in aqueous 
solution. The solubility of silver iodide in silver nitrate solution 
was attributed to the formation of either or both of these complexes. 
Hellwig found that the solubility of silver cyanide in the nitrate 
solution is almost the same as that of the iodide, and further, the 
double salt 2AgNO,,AgCN is known; it appears possible, therefore, 
that ions such as (Ag,CN)° and (Ag,CN)” may exist in solution. It 
is now suggested that the presence in an argentocyanide solution of 
such ions, even if only to the extent of 10+ g.-ion per litre, would 
account satisfactorily for the deposition of silver from these solu- 
tions. The equilibria in the solution would then be Ag(CN),’ == 
Ag’ + 2CN’, and 2Ag* + CN’ == (Ag,CN)*. At the cathode we 
should probably have (Ag,CN)° + O—> Ag) + Ag’+ CN’. The 
deposition of silver, according to this view, is a secondary process, 
and hence the physical nature of the deposits would be explained. 
Since the complex kation is in equilibrium with silver and cyanide 
ions, it can be shown that the potential of a silver electrode against 
the complex ion would be the same as that of a silver|silver-ion 
electrode in the same solution, and hence there is no difficulty con- 
cerning the deposition from a cyanide solution occurring at the 
reversible potential for silver. 

It has already been assumed that the maximum rate at which 
argentocyanide ions diffuse up to the cathode is proportional to a 
C.D. of 0-0025 amp./cm.? for an N/10-solution; at a C.D. of 0-02, 
however, the current efficiency is about 44%, which means that 
0-0088 amp./cm.? is being used to deposit silver. This rate is more 
than three times the maximum value expected; it might, in fact, 
have been anticipated that the rate of deposition at the higher 
C.D. would have been smaller than at the lower, since in the former 
case there will be a greater tendency for the argentocyanide ions to 
migrate away from the cathode. If, as postulated above, the solu- 
tion contains complex kations which may be brought up, to some 
extent, by the current from the bulk of the electrolyte to the elec- 
trode, especially at high C.D.’s, then the increase in the rate of 
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silver deposition at 0-02 amp. would be expected; this increase 
may be partly due, however, to the stirring caused by the evolution 
of hydrogen bubbles. 

The presence of complex kations in argentocyanide solutions 
might account for the abnormal electromotive behaviour of such 
solutions (compare Bodlander and Eberlein, ibid., 1904, 39, 226; 
Frary and Porter, Trans. Amer. Electrochem. Soc., 1915, 28, 307), 
and for the fact that no satisfactory stability constant for the 
Ag(CN),’ ion could be calculated from the results plotted on Fig. 2 
of the present paper. 

Influence of Sodium and Potassium Ions.—Although there seemed 
to be no fundamental reason for supposing that potassium cyanide 
would behave differently from the sodium salt used in this work, it 
was desirable to investigate this point in view of the fact that 
silver deposited from sodium argentocyanide solutions is sometimes 
regarded as inferior, from the electroplater’s standpoint, to that 
obtained from potassium cyanide solutions (compare Blum and 
Hogaboom, “ Electroplating and Electroforming,” 1924, pp. 200 
and 292; Metal Ind., 1928, 32, 214, 235). In all the cases studied, 
however, there was no appreciable difference in the static potentials 
of a silver electrode in similar solutions containing either sodium 
or potassium cyanide, or a mixture of the two salts. There was 
also no difference in the dynamic potentials under the influence of a 
polarising current up to a C.D. of about 0-002 amp./cm.?, but beyond 
this point, ¢.e., in the vicinity of the limiting C.D:, slight variations 
were sometimes observed. Such differences were of the order of 
0-02 volt and were probably due to small changes in diffusion 
tates. 

Influence of Carbonates.—It has been found that the addition of 
carbonates to a silver-plating bath affects the nature of the deposit 
(compare Sanigar, 7'rans. Faraday Soc., 1929, 25, 1), and Hoga- 
boom (Electroplaters’ Technical Society, April 18th, 1928) connects 
such changes with an increase of cathodic potential. In order to 
verify this, a number of observations were made on solutions of 
sodium and potassium argentocyanide containing up to 80 g. per 
litre of the corresponding carbonate. Up to C.D.’s of about 0-002 
amp./em.? the carbonate produced no change in the cathode 
potential, but beyond this point the values were slightly more 
negative (by 0-02 to 0-03 volt) than in solutions free from carbonate. 
Exactly the same effect could be produced by adding sodium or 
potassium sulphate to the argentocyanide solution, and so the change 
in potential is not specific for carbonates, but is connected in some 
way with the altered cathode environment. It is significant that 
the C.D. used by Hogaboom (loc. cit.) would correspond to about 
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0-0025 amp./cm.? in the present work, when allowance is made for 
the difference in concentration of the solutions used. 

In technical practice it is general to deposit silver at a C.D. of 
about 0-004 amp./cm.? from an approximately N /5-argentocyanide 
solution, using slight agitation; under these conditions the depos. 
ition potential is not likely to be influenced appreciably either by 
changes in the alkali metal or by the addition of carbonates. If 
there is any difference in the actual deposits obtained, it is probably 
due to the fact that the silver crystals grow in different environ- 
ments: it is well known that the external character of a crystal 
may vary according to the nature of the solution from which it 
crystallises. The present author has considered the possibility of 
the presence of a complex ion of the type (MAgCN)’, where M is an 
alkali metal, in argentocyanide solutions; the discharge of these 
ions would account for the supposed differences in the deposits 
obtained from sodium and potassium cyanide solutions, but their 
existence must for the present be regarded as speculative. 


Summary. 


(1) The cathode potentials and current efficiencies for silver 
deposition have been measured in a number of argentocyanide 
solutions, and the results discussed and explained. 

(2) The influence of stirring, temperature, and dilution of the 
electrolyte has been investigated. 

(3) It has been shown that the argentocyanide probably dis- 
sociates very rapidly into simpler ions. 

(4) The theories of silver deposition from cyanide solutions have 
been discussed and shown to be unsatisfactory; an alternative 
theory involving a complex kation is proposed. 

(5) The possible influence of sodium, potassium or carbonate ions 
on the form of the silver electrodeposit is discussed. 


UNIVERSITY COLLEGE, EXETER. 
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C.—Studies of Electrolytic Polarisation. Part VIII. 
Complex Cyanides: (b) Copper. 


By SAMUEL GLASSTONE. 


Tue behaviour of a copper electrode in potassium cyanide solution 
when submitted to the action of an alternating current is quite 
different from that of silver: Le Blanc and Schick (Z. physikal. 
Chem., 1903, 46, 213; Z. Elektrochem., 1903, 9, 636) found that the 
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latter did not dissolve to any appreciable extent, but the rate of 
dissolution of the former only decreased slowly with increasing 
frequency of current alternations, and was quite considerable even 
at frequencies of 38,000 per minute. The explanation offered by 
them was that copper, like silver, ionises during the anodic intervals 
of the alternating current and readily forms a complex cuprocyanide 
ion; this, however, unlike the argentocyanide ion, does not come 
into equilibrium rapidly with its simpler ionic constituents. Hence, 
during. the cathodic pulses the supply of cuprous ions in the 
vicinity of the electrode will not be sufficient to meet the require- 
ments of the current. Hydrogen ions will then be discharged to an 
appreciable extent, and more copper will dissolve during the anodic 
intervals than is replaced during the cathodic periods ; the electrode 
will therefore dissolve under the influence of the alternating current. 

Before accepting the views of Le Blanc and Schick concerning the 
rate of dissociation of the cuprocyanide ion, it is important to re- 
member that copper can dissolve spontaneously in cyanide solutions 
with the liberation of hydrogen. This has been known for some 
time (compare Goyder, Chem. News, 1894, 69, 268) and is due to 
the fact that the concentration of copper ions in a cyanide solution 
is so low that the electrode potential Cu/KCN is of the order of 
—1-05 volts, whereas the reversible potential H,(1 atm.)|KCN is 
about —0-65 volt. For the same reason, hydrogen will be deposited 
in preference to copper during the cathodic intervals irrespective 
of the rate of dissociation of the cuprocyanide ion, provided there is 
an excess of free cyanide in the electrolyte. It is clear, therefore, 
that a copper electrode is bound to dissolve to some extent in 
potassium cyanide solution under the influence of alternating current. 
Le Blanc and Schick found a decrease in the rate of dissolution with 
increasing frequency of alternations: this may well be due to the 
decreased opportunities for the cuprocyanide ions to diffuse away 
from the electrode, so that appreciable amounts of copper, as well as 
hydrogen, are deposited during the cathodic pulses. At high 
frequencies, too, some of the hydrogen deposited during the 
cathodic intervals will redissolve during the anodic pulses, and so 
the rate of dissolution of the copper will decrease. It appears, 
therefore, that the work of Le Blanc and Schick throws no light on 
the fundamental problem of the rate of dissociation of cuprocyanide 
ions. In confirmation of this view, it may be mentioned that 
Brochet and Petit (Z. Elektrochem., 1904, 10, 916) found that zinc, 
nickel, and cobalt electrodes behaved like copper when subjected 
to the action of alternating current electrolysis in cyanide solutions, 
whereas mercury and cadmium resembled silver. The first three 
metals, like copper, dissolve spontaneously in cyanide solutions and 
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liberate hydrogen (compare Goyder, loc. cit.), but the other two, 
like silver, do not react in this manner. 

The work of Spitzer (Z. Hlektrochem., 1905, 11, 345) on the vari- 
ation with C.D. of cathodic potential of copper in cuprocyanide 
solutions at ordinary temperatures, suggested that there was a 
considerable polarisation during the deposition of the metal; 
Foerster (ibid., 1907, 13, 561) correlated this with the supposed slow 
dissociation of the cuprocyanide ion as suggested by Le Blanc and 
Schick (loc. cit.). Brunner (see Foerster, loc. cit.) found that at 
higher temperatures (e.g., 75°) the cathodic polarisation during 
copper deposition from cuprocyanide solutions is greatly decreased, 
and Foerster attributed this to an increased rate of decomposition 
of the complex ion. It is interesting to note in this connexion, 
however, that Le Blane and Schick concluded from their observ- 
ations that the temperature coefficient of the rate of decomposition 
of the cuprocyanide complex is very small. More recently, Héing 
(ibid., 1916, 22, 286) has determined the deposition potentials at 
25° from a solution which was said to be M/10 with respect to 
potassium cuprocyanide, KCu(CN),, and contained no appreciable 
excess of free cyanide; it was found in these circumstances that an 
increase of C.D. caused very little cathodic polarisation, and the 
behaviour was very much the same as that observed by Brunner 
(loc. cit.) during silver deposition. Héing found, however, that the 
addition of a very small excess of potassium cyanide to the cupro- 
cyanide solution resulted in a considerable polarisation, which he 
attributed to the presence of the more complex ion Cu(CN),” 
formed by the reaction Cu(CN),’ + CN’ —-> Cu(CN),’’.. According 
to Foerster’s interpretation of the origin of polarisation in the case 
under discussion, it would be concluded from these results that whilst 
the Cu(CN),’ ion dissociated rapidly, the Cu(CN),’’ dissociated only 
slowly, and even had a tendency to retard the dissociation of the 
former ion. In the course of the present work it was found that an 
** M/10-solution of KCu(CN),”’ probably does not exist at 25°, and 
that even the solution in which Héing found no appreciable polaris- 
ation contains a large proportion of the Cu(CN),” ion. In view of 
the unsatisfactory nature of the position concerning the electro- 
chemical properties and behaviour of cuprocyanide solutions, a 
more complete investigation seemed desirable, especially as a 
similar investigation with silver (preceding paper) had yielded 
interesting results. The conditions were kept as uniform as possibie 
with those existing in the previous work, so the results are com- 
parable. Cathode-potential and current-efficiency measurements 
were made at various C.D.’s, and an electrometric titration of 
cuprous cyanide with sodium cyanide solution was carried out. 
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For convenience the results of the latter experiments will be 
described first. 
EXPERIMENTAL. 

Electrometric Titration of Cuprous Cyanide by Sodium Cyanide.— 
Kunschert (Z. anorg. Chem., 1904, 41, 359) and Spitzer (Joc. cit.) 
both found that reproducible measurements of copper potentials in 
cuprocyanide solutions were not easily obtained, and this was 
confirmed in the present work. During the electrometric titration 
a current of hydrogen was passed through the liquid; in this way 
more satisfactory results were obtained with solutions containing 
an excess of alkali cyanide. Although the general nature of the 
results was quite reproducible, the actual electrode potential values 
were not very exact; for the present purpose, however, the latter 
are not essential. 

In accordance with the observations of Spitzer (loc. cit.) and Héing 
(loc. cit.), it was found most satisfactory to precipitate cuprous 
cyanide by adding the correct amount of sodium or potassium 
cyanide solution to a hot solution of copper sulphate; care was 
taken to boil off all the cyanogen produced in the reaction. For the 
electrometric titration, a known amount (about 0-2 g.) of cuprous 
cyanide thus prepared was transferred to a wide tube together with 
about 10 c.c. of water and 0-05 g. of sodium sulphate (the latter 
being used to increase the conductance of the system). The tube 
was fitted with a cork through which passed a connexion to the 
copper electrode, a potassium chloride tube for connecting with 
the calomel half-element used as a standard, the hydrogen lead-in 
tube, an outlet tube, and the tip of the burette. A standard solution 
of sodium cyanide was added gradually to the suspension of cuprous 
cyanide, and the mixture well shaken; the electrode potential of 
the copper was measured after each addition. Since the actual 
values are inexact, they need not be given, but some typical results 
which serve to show the general tendency are plotted in Fig. 1. 
It may be mentioned that the more limited observations of Spitzer 
(loc. cit.) and of Efremov (Ann. Inst. Polyt. Ural, 1927, 6, 111) are in 
agreement with those made in the present work. 

Although Fig. 1 is a typical electrometric titration curve similar to 
the one obtained for silver cyanide (see previous paper, Fig. 2), 
yet a closer examination reveals important differences. Since the 
break corresponding approximately to Cu: 3CN’ is not very sharp, 
it appears that although nearly the whole of the copper is present 
in solution in the form of the Cu(CN),” ion, or possibly 
[Cu(CN),(H,O)]”, this is not a very stable ion. On the other hand, 
the sudden increase of negative potential, i.e., the large reduction 
in the concentration of cuprous ions, resulting from the addition of 
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a small amount of alkali cyanide to cuprous cyanide alone, suggests 
the presence of a stable complex ion, which must presumably be 
Cu(CN),’. The titration curve, however, shows no break at a point 
corresponding to Cu: 2CN’, and hence it must be concluded that 
when cuprous cyanide is dissolved in sodium cyanide both complex 
ions Cu(CN),’ and Cu(CN),” are formed simultaneously in com- 
parable amounts. If the Cu(CN),’ ion were completely formed 
prior to the formation of appreciable amounts of Cu(CN),”’, then we 
should expect 1 equiv. of cuprous cyanide to be dissolved by 
1 equiv. of alkali cyanide, and the titration curve should show a 
break at this point as in the case of silver cyanide; similarly if 
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only the Cu(CN),’”’ ion were formed, then 1 equiv. of the cuprous 
salt would require 2 equivs. of alkali cyanide for complete dis- 
solution. In practice it is found, however, that about 1-5 equivs. 
of the latter are actually required, and so it is clear that the resulting 
solution contains both complex ions in almost equivalent amounts. 
Kunschert (loc. cit.) stated that 2-5 equivs. of alkali cyanide are 
required to dissolve 1 equiv. of cuprous cyanide, but, as indicated 
by Spitzer (loc. cit.), this is probably a misprint for 1-5. 

When 2 equivs. of cyanide ions have been added per equiv. of 
cuprous cyanide, we may conclude from the curve in Fig. 1 that 
nearly the whole of the copper is present in the form of the Cu(CN),” 
complex; beyond this point, addition of free cyanide can only have 
a very gradual influence on the ions present in solution. 

The titration of cuprous cyanide with potassium cyanide gives 
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results almost identical with those given by sodium cyanide, except 
that a slightly larger proportion of alkali cyanide is required to 
eflect complete dissolution of the precipitate; this fact is probably 
connected with the limited solubility of KCu(CN), (see below). 

Hoing (loc. cit.) claimed to have worked with an M/10-solution 
of KCu(CN), at 25°, but in the author’s opinion such a solution does 
not exist at this temperature. The solubility of cuprous cyanide 
in V/10-sodium and potassium cyanides has been determined at 
25° and found to be 0-085 and 0-045 g.-equiv. per litre respectively. 
The value for sodium cyanide tends to confirm the view that both 
Cu(CN),’ and Cu(CN),” are formed, but with potassium cyanide it 
would appear that only the latter ion is present. The result is, 
however, probably connected with the low solubility of the salt 
KCu(CN),; Spitzer (loc. cit.) gives the value as 0-04 mol. per litre 
at 25°, but it is probably much less than this, since it seems im- 
possible to prepare a solution of the salt free from cyanide,* and the 
latter undoubtedly increases the solubility. The presence of both 
cuprocyanide complexes in the solution of cuprous cyanide in 
potassium cyanide is suggested by the fact that in N/20-solution 
1 equiv. of potassium cyanide dissolves 0-65 equiv. of the copper 
salt; this confirms the view that the smaller relative solubility in 
the more concentrated potassium cyanide is accounted for by the 
low solubility of the complex salt. In any case it is clear that the 
electrolyte used by Héing was probably not an M/10-solution of 
KCu(CN), alone, and hence his conclusions regarding the relative 
trates of dissociation of the two cuprocyanide complexes are not 
justifiable. 

At higher temperatures the solubility of cuprous cyanide in alkali 
cyanides is increased, presumably because there is less tendency for 
the Cu(CN),’” complex to be formed as the temperature is raised. 
When the solution is cooled, cuprous cyanide, and, particularly in 
the case of potassium, some complex salt are precipitated. 

Cathode-potential and Current-efficiency Measurements.—The elec- 
trolytic solutions were prepared by dissolving cuprous cyanide, 
precipitated as described above, in the requisite volume of standard 
sodium cyanide solution. During the course of the work it was 
found that the presence of a small concentration of sulphate ions 
(e.g., N/10) had no appreciable influence on any of the measure- 
ments made; hence the alkali cyanide solution was generally added 
to the cuprous cyanide suspension without filtering the latter. The 
so-called ‘‘ N/10-cuprocyanide ” solution was made by saturating 
V/10-sodium cyanide solution with cuprous cyanide and filtering 
off the excess of the solid; the clear liquid apparently contained 

* Compare Bassett and Corbet, J., 1924, 125, 660. 
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0-06 g.-ion of Cu(CN),’ and 0-02 g.-ion of Cu(CN),” per litre. Cathodic 
potentials were measured at increasing C.D.’s by the method 
described in the previous paper. The determination of current 
efficiencies presented some difficulty owing to the tendency of copper 
to dissolve in cyanide solution, particularly in the presence of air, 
Separate experiments were made in order to determine the normal 
loss in weight of the copper electrode in each of the solutions used 
in this work, and a correction was applied to the actual weight of the 
deposit (compare Field, Trans. Faraday Soc., 1909, 5, 172). The 
rate of dissolution was greatest in those solutions in which the 
current efficiency was least, and so the results for solutions containing 
an excess of free cyanide, especially at high C.D.’s, can only be 
regarded as approximate. In some instances, in fact, the cathode 
actually lost in weight during the electro-deposition, because it was 
dissolving spontaneously faster than it was being deposited. Owing 
to such difficulties as these, the current efficiencies were only 
determined down to a C.D. of 0-0004 amp. /cm.?. 

Unless otherwise stated, experiments were carried out at room 
temperature (15°). All electrode-potential measurements are 
expressed on the hydrogen scale. 

Results.—Table I gives the cathode potentials (C.P.) and per- 
centage current efficiencies (C.H.) for deposition of copper as a 
univalent metal, at different C.D.’s from the so-called “ N/10- 
cuprocyanide ” solution (I), and from four other solutions which 
can be represented by the general formula N/10-[CuCN,nKCN}, 
where n is equal to 2 (II), 3 (III), 5 (IV) and 7 (V). The results 
of the cathode-potential measurements in solutions I and IT have 
been plotted in Fig. 2. 

TaB_eE I. 


Cathode Potentials and Current Efficiencies. 


I. II. ITI. IV. 
C.D. x 10 —— —_——_{_—_—_—_ _—<_— — —_ 
(amps./em.*), C.P. C.Ez. CP. C.E. C.P.. C.E. CP. C. 
-022 — -040 — —0°75 —0°94 
-029 — -050 — —0-77 —0-96 
-031 — -057 — —0°79 —1-01 
—0°34 100 —0-74 65 —0-93 2 —1-08 
-—039 81 —0°86 44 —1-05 —1-15 
-090 — =—107 — —1-20 —1-28 
—1:13 —118 32 —1-27 —1:32 
—1-32 —1:26 28 —1-34 —1:36 
—1-38 —1:37 22 —1-39 —1-40 
—1-41 —141 138 —1-43 —1-43 


& 


woos! SS] | | 


5 —143 


A comparison of the results given in Table I with those obtained 
for argentocyanide solutions (see previous paper) suggests that the 
general behaviour is entirely different in the two cases. On the 
whole, there is much more polarisation in the cuprocyanide solutions ; 
the current efficiencies for metal deposition are considerably lower 





Current density < 10* (amps./cm.*). 
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and very much affected by an increase in the free cyanide content 
of the electrolyte. At first sight it would appear, therefore, that 
the conclusions of Le Blanc and Schick (loc. cit.) and of Foerster 
(loc. cit.) concerning the slow decomposition of the cuprocyanide 
complex are correct. There are, however, two important differences 
in the behaviour of copper and silver in cyanide solutions that must 
be taken into consideration. First, an examination of the curve 
in Fig. 1 shows that any increase of the CN’/Cu ratio above 2 to 1 
causes the copper electrode potential to increase at first gradually 
from —Q-2 to —0-35 volt, and then more rapidly to —0-9 volt; 
the electrode potential change is, therefore, much greater than in 
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the case of silver. Secondly, the reversible potential for hydrogen 
evolution in a V/10-cyanide solution is about —0-65 volt, and hence 
in all solutions in which the ratio CN’/Cu exceeds 3-4 the reversible 
copper potential is more negative. In such solutions hydrogen 
evolution can thus occur simultaneously with copper deposition, 
and the current efficiency for the latter cannot be 100%. Although 
the hydrogen overvoltage at copper raises the actual potential for 
hydrogen evolution to —0-85 volt, yet during the course of electro- 
deposition such a potential is soon reached as a result of a small 
decrease in the cuprous-ion concentration. 

The divergence of the current efficiency from 100% is not neces- 
sarily due to simultaneous hydrogen evolution only ; there is evidence 
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that sodium cyanide can act as a depolariser at a copper cathode, 
possibly with the resulting formation of methylamine, and hence 
some of the current may be employed in this reduction process. 

In solution I we should expect the cathode potential to increase 
steadily from —0-22 to about —0-4 volt, whilst the current efficiency 
remains at 100%; beyond this point the potential should rise 
rapidly to about —1-0 volt with the simultaneous evolution of 
hydrogen and lowering of current efficiency. This is in agreement 
with the actual results (see Table I). In solution II the reversible 
potential is already —0-4 volt, and hence the cathodic potential 
should increase rapidly from the beginning as the C.D. is increased; 
the results in Table I and the curve in Fig. 2 show this to be the 
case. The current efficiency, as would be expected, even at the 
lowest C.D. investigated is below 100%. In the other solutions 
used in this work hydrogen discharge can occur from the commence. 
ment; in fact, the cathode potentials for solution V are very similar 
to those for hydrogen evolution at a copper cathode in an N/2- 
sodium cyanide solution. 

Rate of Dissociation of Cuprocyanide Ions.—Since the change of 
CN’/Cu ratio in an electrolyte soon brings the potential of the copper 
cathode into the region of hydrogen evolution, it is not possible to 
apply directly the criterion of diffusion velocity which was used in 
the case of silver; a modified test is, however, possible. If the rate 
of diffusion of the cuprocyanide ion Cu(CN),’ is assumed to be the 
same as that of the Ag(CN),’ ion, and we assume that the former ion, 
like the latter, dissociates rapidly, then the maximum C.D. at which 
the metal deposition efficiency is 100% should be about 0-0025 
amp./cm.? (see previous paper). In solution I, however, this 
maximum is reached at 0-0005 amp./cm.?, when the cuprocyanide- 
ion concentration in the vicinity of the electrode must be at least 
three-fourths of its value in the bulk of the electrolyte. It might 
appear, therefore, that the cuprocyanide ions are present in sufficient 
concentration, but that they dissociate slowly into the simpler ions 
from which copper deposition can occur. If this were the case, 
then stirring of the electrolyte should have very little influence on 
the cathode potentials and the current efficiencies. Increase of 
temperature, on the other hand, might be expected to increase the 
rate of dissociation of the complex ions, and hence would lead to less 
polarisation and higher efficiencies. In order to test these points, 
a number of cathode-potential and current-efficiency measurements 
were made in solutions I and II whilst they were stirred mechanically 
at the rate of 500 r.p.m., and also in the same solutions at a temper- 
ature of 70°, without stirring. The results obtained are given in 
Table II; the cathode-potential measurements in the stirred 
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solutions are plotted in Fig. 2 for comparison with those obtained in 
the unstirred solutions at the same temperature. 


TABLE II. 





Solution stirred. Solution at 70°. 
———_——$_—_—_—,, - - ~ 


I. II. I. II. 


C.D. x 104 ——, —, —_—n. tee, 
(amps./em.?). C.P. C.F. C.P. C.E. CO.P. C.E. C.P. CE. 


—0-22 — —040 — —0-22 — —0°38 
—0:25 — —043 — —0-:24. — —0-40 
—0-27 — —0-46 — —0:26 — —0-43 
—0-29 100 —0-50 100 —0-:28 100 —0-45 
—0°30_ ,, —0-57 87 —0-30_ ,, —0-47 
—0-32_ C,, —068 — —0-39_ ,, —0-52 
—0-34 ,, —0-94 64 —045 96 —0-58 
—0-47 85 -—I112 44 —0°85 78  —0-80 
—113 59 —1-23 33 —1-11 63 —0-98 
100 —1-33 38 —1-32 28 —1:29 43 —1-25 


The values in Table II show that stirring of the electrolyte has a 
very considerable effect in reducing cathodic polarisation and 
increasing the current efficiency, especially in solution I; the results, 
therefore, are opposed to the view that the cuprocyanide ions 
dissociate slowly, unless the assumptions concerning the rate of 
diffusion of these ions are incorrect. The observations are, however, 
in harmony with the rate of dissociation being rapid; in this case 
stirring would be expected to retard the normal increase of the 
CN’/Cu ratio, and hence the rise of cathode potential at about 
—0-4 volt, with its corresponding decrease of current efficiency, 
should occur at a higher C.D. This change of potential is bound to 
occur as sooneas the ratio CN’/Cu approaches 3, and so the limiting 
C.D. for 100% efficiency will be below that obtained in N/10- 
argentocyanide solutions. Although cuprocyanide solution I and 
argentocyanide solution I are not strictly comparable, yet the fact 
that the limiting C.D.’s in stirred solutions are 0-0025 and 0-005 
amp./em.”, respectively, suggests that there is really no essential 
difference in behaviour: both complex ions probably dissociate 
rapidly. The influence of stirring is also quite marked in solution 
II, although the limiting C.D. for 100% efficiency is raised only to 
00005 amp./cm.?; since the static potential of copper in this 
solution is already —0-4 volt, it is clear that the rapid rise of cathode 
potential cannot be long delayed even by stirring. 

The effect of increasing the temperature is also to decrease the 
polarisation and to increase the current efficiency ; with solution I, 
as in the corresponding case of silver, the result of raising the 
temperature to 70° is also the same as stirring under the particular 
conditions used in this work. This is further confirmation of the 





712 STUDIES OF ELECTROLYTIC POLARISATION. PART VIII. 


view that cuprocyanide ions do not dissociate slowly, for if they did 
the influence of temperature would be far greater than that of 
stirring. In solution II, an increase of the temperature to 70° 
improves the current efficiency somewhat more than does stirring, 
although the difference is not considerable; this may be connected 
with the fact, already mentioned, that an increase of temperature 
tends to retard the formation of the Cu(CN),”’ complex, which prob. 
ably diffuses more slowly than the Cu(CN),’ ion. 

All the work described above was carried out with sodium cyanide 
solutions, but as other authors have used potassium cyanide some 
experiments were made with the latter for purposes of comparison. 
The electrolyte corresponding to solution I showed slight differences 
on account of the lower solubility of cuprous cyanide in potassium 
cyanide (see p. 707); the static potential of copper in this solution 
was —0-27 volt, as compared with —0-22 volt in the sodium cyanide 
solution. The cathodic potentials were very similar, but the current 
efficiencies were, naturally, somewhat lower in the potassium 
cyanide solution. With the other solutions the results were in 
general very similar for both cyanides; small differences in cathodic 
potential were probably due to the difficulty of obtaining concordant 
results for copper potentials in cyanide solutions. 

Theory of Copper Deposition from Cuprocyanide Solutions.— 
Although the theory of alkali-metal discharge as a primary process 
in the electrodeposition of copper from cuprocyanide solutions has 
not been definitely suggested, yet it would seem to be as applicable 
to this case as to argentocyanide solutions; the same objections, 
however, apply to both cases (see previous paper). The theory 
generally accepted is that copper is deposited from*cuprous ions 
produced by the dissociation of cuprocyanide ions, but the objection 
raised by Haber applies to this case as it does to silver (Z. lektrochem., 
1904, 10, 433). Foerster (“‘ Elektrochemie Wasseriger Lésungen,” 
1922, p. 299, footnote), following Bodlander (Z. Elektrochem., 1904, 
10, 604), has suggested that the anion Cu(CN),’” is discharged at 
the cathode; this, however, seems very improbable. Although there 
is no independent evidence for the existence of the complex kations 
(Cu,CN)* and (Cu,CN)”, yet it is not improbable that a small con- 
centration of such ions, as postulated in the case of silver (p. 700), 
is present in cuprocyanide solutions. The discharge of these ions 
at the cathode would yield copper, in a finely crystalline form, as a 
secondary product. As soon as the complex ions were removed they 
would be regenerated from cuprocyanide ions as a result of the dis- 
placement of the equilibria (Cu,CN)’ == 2Cu* + CN’; Cu(CN),’ 
== Cu’ + 2CN’; Cu(CN),” == Cu’ + 3CN’. 
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Summary. 


(1) The evidence for the slow dissociation of the cuprocyanide ion 
is discussed and shown to be inconclusive. 

(2) Electrometric titration of cuprous cyanide and solubility 
measurements in alkali cyanide solutions show that the complex 
ions Cu(CN),’ and Cu(CN),” can both exist. 

(3) The cathode potentials and current efficiencies for copper 
deposition have been measured in a number of cuprocyanide solu- 
tions, and the results discussed. 

(4) The effects of raising the temperature and of stirring the 
electrolyte have been investigated, and shown to be in harmony 
with the view that the cuprocyanide ion dissociates rapidly. 

(5) The difference in behaviour of copper and silver in complex 
cyanide solutions is shown to be connected with the fact that a 
small increase in the ratio of cyanide to metal ions in the case of 
copper raises the electrode potential to a point at which the evolu- 
tion of hydrogen is possible. 


University CoLLeGE, EXETER. 
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Cl.—Studies in Keto-lactol Tautomerism. Part II. 
Influence of the cycloHexane Ring on _ the 
Tautomeric Character of cycloHexane-1-acetone- 
l-malonic Acid, a Comparison with cycloPentane- 
l-acetone-l-malonic Acid, and Synthesis of the 
Corresponding 8-Keto-monobasic Acids. 


By MvuHAMMAD QUDRAT-I-KHUDA. 


In Part I (this vol., p. 201) it was suggested that in the liquid state 
a-carboxy-y-acetyl-88-dimethylbutyric acid exists both in the keto- 
form (I) and in the carboxy-lactol form (II), which decompose at 
130—140° and give the keto-monocarboxylic acid (III) and the 
dilactone (IV) respectively (R = R’ = Me). 


CH,"COMe CH,———CMe-OH 
) BRICK z= RRCK a 
CH(CO,H), CH(CO,H): 


CH,-COMe Me—O 
aL.) RRCK | H, | (IV.) 
CH,-CO,H | RRC 


CO———CH-—CO 
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The properties of cyclohexane-l-acetone-l-malonic acid (I; 
RR’ = C;H,,>) and cyclopentane-l-acetone-l-malonic acid (I; 
RR’ = C,H,>) and the influence of the cyclohexane and cyclo- 
pentane rings on their tautomerism have now been examined. 

Evidence has been accumulated which shows that the forcing 
apart of two of the valencies of a spiran carbon atom due to its 
inclusion in a cyclohexane ring causes the other two valencies to 
come closer together: cyclohexanespirocyclopropane-l1 : 2-dicarb- 
oxylic acid, therefore, is more stable than the corresponding gem- 
dimethyl compound (V; RR’ = C;H,)> and Meg, respectively) 
(Beesley, Ingold, and Thorpe, J., 1915, 107, 1091; compare also 
Kon, J., 1922, 121, 514; Ingold and Gane, J., 1928, 2268). On the 
other hand, the angle included by two of the valencies of a carbon 
atom in a cyclopentane ring is almost equal to the normal tetra- 
hedral angle, and consequently the influence exerted by this ring 
is comparable with that of gem-dimethyl groups (compare, ¢.g., 
Becker and Thorpe, J., 1920, 117, 1579; Dickens, Kon, and 
Thorpe, J., 1922, 121, 1496; Lanfear and Thorpe, J., 1923, 123, 
1683; Ingold, Lanfear, and Thorpe, ibid., p. 3140). The behaviour 
of cyclohexane- and cyclopentane-1-acetone-1-malonic acids supports 
these views: cyclohexane-l-acetone-l-malonic acid, owing to the 
proximity of the carbonyl and the carboxyl groups (compare Ingold 
and Gane, loc. cit.), exhibits pronounced tautomeric behaviour, 
whereas the cyclopentane analogue resembles the gem-dimethyl 
compound in its general reactions. 


H-CO,H CH,-CMe( On 
) RR’ ‘ 2 RR'C< 
(V) RR'C<(5.C0,H “<cu(cny—co7 8 


The carboxy-lactol forms (II) of the two acids could not be 
isolated. They are 3-hydroxy-acids, and apparently it is through 
them, by the loss of a molecule of water, that transformation of the 
acids (I) into the dilactones (IV) takes place: the cyclohexane acid 
undergoes the conversion when heated in an organic solvent for 
some time, but the cyclopentane acid requires the assistance of a 
dehydrating agent. 

The best method for the preparation of cyclohexane- and cyclo- 
pentane-l-acetone-l-malonic acids is the alkaline hydrolysis of the 
condensation products of cyclohexenylacetone and cyclopentenyl- 
acetone, respectively, with sodiocyanoacetamide in hot alcoholic 
solution (the condensation could not be effected with a small 
quantity of sodium ethoxide as in the case of mesityl oxide; this 
vol., p. 205): the cyclohexane- and cyclopentane-spiro-3-hydroxy- 
6-cyano-3-methyl-5-piperidones (VI; RR’ = C,H,,> and C,H,> 
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respectively) obtained, on hydrolysis with concentrated aqueous 
potash, yield the desired acids as the sole products. 

When treated with alcoholic hydrogen chloride, cyclopentane- 
|-acetone-l-malonic acid gives the normal keto-ester (formula as [), 
but the cyclohexane acid gives a mixture of its keto-ester with a sube 
stance, probably the dilactone, which is very difficult to purify : 
the pure keto-ester, however, can be obtained from the silver salt. 
The keto-esters have the normal configuration, since they give 
characteristic semicarbazones. 

Like the gem-dimethyl acid, cyclohexane- and cyclopentane- 
l-acetone-l-malonic acids in the liquid state exist each as an 
equilibrium mixture of the keto and the lactol form (I == II). The 
composition of the equilibrium mixture is deduced from the quan- 
tities of the decomposition products of the two forms, namely, the 
keto-monobasic acid (III) from the keto-form and the dilactone (IV) 
from the lactol form: the cyclohexane acid yields 68—70%, and 
the cyclopentane acid 47—48%, of dilactone; the rest of the acid 
decomposes into and is isolated as keto-monobasic acid. The con- 
stitutions of the two keto-monobasic acids have been established by 
the syntheses of their methyl esters from the acid chlorides of the 
corresponding diacetic acids and zinc methyl iodide. 

The keto-monobasic acids were examined for evidence of their 
existence in the lactol form (VII). It was expected that from 
cyclohexane-1l-acetone-l-acetic acid, at least, it might be possible 
to get an ethoxy-lactone (VII with OEt in place of OH). The 
reaction with alcoholic hydrogen chloride, however, proceeded in a 
different direction, giving mainly Norris and Thorpe’s cyclohexane- 
spirocyclohexane-3 : 5-dione (J., 1921,119, 1205) and a small quantity 
of the keto-ester. Esterification of cyclopentane-1l-acetone-1-acetic 
acid gave, as in the case of the gem-dimethyl analogue, mainly the 
keto-ester. 


AB, fe OH CH:CMe, 
(vi.) RR’> RR'CC O (VIII) 
 ciclees be CH,-CO” 


Methyl cyclohexane- and cyclopentane-1l-acetone-l-acetate, when 
heated with alcoholic sodium ethoxide solution, are converted into 
cyclohexane- and cyclopentane-spirocyclohexane-3 : 5-dione (Norris 
and Thorpe, loc, cit.), respectively. The keto-acids of the general 
formula (III), when treated with acetyl chloride, react, however, 
in their lactol form (VII) with the production of unsaturated 
lactones (VIII) by loss of a molecule of water : the cyclohexane acid 
undergoes the change at the ordinary temperature, but the cyclo- 
pentane analogue requires heating on a steam-bath. 
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The effect of bulky substituents on the tautomerism of such 
8-ketonic acids will be discussed in a future communication. 


ExPERIMENTAL. 


- The condensation of cyanoacetamide with cyclohexenylacetone or 
cyclopentenylacetone was effected by heating the suspension of the 
sodio-derivative, obtained by adding cyanoacetamide (1 mol.) in 
1000 c.c. of hot absolute alcohol to a solution of sodium (1 atom) in 
350 c.c. of hot absolute alcohol, with the unsaturated ketone (1 mol.) 
on the steam-bath for 6 hours, the sodiocyanoacetamide dissolving 
and the sodio-derivative of the condensation product separating. 
The alcohol is then distilled off, the residue dissolved in water, any 
unchanged ketone extracted with ether, and the solution acidified 
with cold hydrochloric acid : the condensation product crystallises. 
A few grams more are obtained when the mother-liquor is made 
just alkaline with sodium carbonate solution and concentrated on 
the steam-bath. 
cycloHexane Series. 

cycloHexanespirocyclo-3-hydroxy -6 - cyano -3-methyl -5- piperidone 
(VI; RR’ = C;H,,.>).—When cyclohexenylacetone (b. p. 90°/ 
15 mm., dis* 0-9404, ni$* 1-47751; prepared by Wallach’s method, 
Annalen, 1912, 394, 376, and purified by two distillations) (27-5 g.) 
is condensed with cyanoacetamide (16-8 g.) and sodium (4-6 g.) as 
described above, cyclohexanespirocyclo-3-hydroxy-6-cyano-3-methyl- 
5-piperidone is obtained (35 g.). It crystallises well from methyl 
alcohol and melts with charring at 258° (Found: C, 65-4; H, 85; 
N, 12-7. C,,H,,0,N, requires C, 64-9; H, 8-1; N, 12-6%). Itis 
unaffected by hot dilute caustic soda solution, is appreciably soluble 
in caustic alkalis and in dilute acids, and dissolves in hot alcohol or 
acetic acid, but is insoluble in ether, benzene, or chloroform. 

cycloHexane-1-acetone-l-malonic Acid (1).—The preceding spiro- 
compound (25 g.) is heated with potassium hydroxide (25 g.) in 
100 c.c. of water for 28 hours and the solution is cooled, diluted, 
extracted with ether to remove any neutral product, and acidified 
in the cold. The oil obtained, after being dried in ether and recov- 
ered, slowly solidifies in a vacuum desiccator (yield, 25 g.). After 
being triturated with cold benzene and dried in a vacuum desiccator 
for several days, the acid melts at 116° and decomposes at about 118° 
(Found : C, 59-2; H, 7-6; M, by titration, 242. C,.H,,0, requires 
C, 59-5; H, 7-4%; M, 242). When crystallised from hot benzene 
or chloroform, or precipitated from cold ethyl acetate solution by 
petrol, it invariably contains a gummy impurity. The acid is 
almost insoluble in cold benzene, but after it has been heated with 
an excess of this solvent (or high-boiling organic solvents) on the 
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steam-bath- for 45 minutes, the dilactone described below is the 
only product that can be isolated on evaporation of the solvent. 
The acid, on treatment with semicarbazide acetate in aqueous 
methyl-alcoholic solution, gives a semicarbazone mixed with some 
of the dilactone. The semicarbazone, after treatment with cold 
benzene and repeated crystallisation from methyl] alcohol, has m. p. 
183° (decomp.) (Found: C, 52-1; H, 7-4. C,,H,,0;N, requires 
C, 52-2; H, 7-0%). 

The ethyl ester. The dry silver salt (15 g.) is heated under reflux 
over-night with ethyl iodide (10 c.c. in 60 c.c. of alcohol); the 
filtered solution is then concentrated under reduced pressure. The 
ester, isolated in the usual way, is a colourless liquid, b. p. 192°/ 
14 mm., di** 1-0681, nif* 1-46984, whence [R;], = 77-3 (calc. for 
the normal ester, 77-2) (Found: C, 646; H, 9-0. C,,H,,O; 
requires C, 64-4; H, 87%). It gives a semicarbazone, m. p. 104° 
after crystallising from ethyl acetate—light petroleum (Found : 
C, 57-3; H, 8-3. C,H gO;N, requires C, 57-4; H, 8-2%). When 
the acid is esterified with alcohol and a mineral acid, an ester is 
obtained which gives the same semicarbazone as the above and 
thus appears to be the same normal ester, but its physical properties 
indicate that it is not quite pure. 

Behaviour of cycloHexane-1-acetone-l-malonic Acid on Heating. 
Formation of the Dilactone (IV) and cycloHexane-1-acetone-1-acetic 
Acid (I11).—The acid (5 g.) is heated for 5—6 hours at 130—140°, 
the melt cooled and dissolved in benzene, and the benzene solution 
extracted with dilute aqueous sodium carbonate, dried, and evapor- 
ated. The dilactone thus obtained (3-13 g., representing 68% of the 
keto-dibasic acid) has m. p. 141° after crystallising from methyl 
alcohol (Found: C, 64:1; H, 7-5. C,,H,,0, requires C, 64-2; 
H, 7:2%). It is the sole product obtained when the cyclohexane 
acid is treated with concentrated hydrochloric acid or a dehydrating 
agent, and gives this acid on being hydrolysed with hot dilute 
caustic alkali solution. It is very soluble in benzene, chloroform, 
and ethyl acetate, but sparingly soluble in ether and cold alcohol. 

The sodium carbonate extract on acidification gives an oil (1-3 g.) 
which gradually crystallises. After recrystallisation from petroleum 
(b. p. 60—80°), it melts at 73°, alone or mixed with the cyclohexane- 
l-acetone-l-acetic acid (III) described below (Found: C, 66-3; 
H, 9-3. C,,H,,0, requires C, 66-6; H, 9-1%). 

Several experiments on heating were carried out with different 
quantities of the acid. The percentage of the dibasic acid con- 
verted into the dilactone was always 68—70% and the other 
product was the keto-monobasic acid (III). 

Synthesis of Methyl cycloHexane-1-acetone-1-acetate.—cycloHexane- 

co 
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1 : 1-diacetic anhydride [readily prepared by heating the acid (Kon 
and Thorpe, J., 1919, 445, 693; compare also Thole and Thorpe, 
J., 1911, 99, 445) with acetic anhydride} (91 g.) is: heated with 
methyl alcohol (40 c.c.) for 4 hours on the steam-bath and the 
alcohol is then removed by evaporation. The acid ester obtained 
is purified through the sodium salt, but cannot be made to solidify 
(Found: for the silver salt: Ag, 33-8.) C,,H,,0,Ag requires Ag, 
33-6%). The acid ester (30 g.) is heated with thionyl chloride 
(15 ¢e.c.) on the steam-bath; the excess of thionyl chloride removed 
under diminished pressure, and the acid chloride added to a cold 
benzene solution of zinc methyl iodide (compare this vol., p. 207). 
The keto-ester obtained is converted into the semicarbazone, m. p. 
137° after crystallising from, methyl alcohol (Found: C, 57-7; 
H, 9-0. C,,H,,0,N, requires C, 57:9; H, 8:5%). Methyl cyclo- 
hewane-1-acetone-l-aceiate, regenerated from this, has b. p. 152°/ 
18 mm., d?* 1-0363, nj)“ 1-46748, whence [R;], = 56-81 (calc. 
for the normal ester, 57-08). (Found : 0, 67:5; H, 98. C,.H,,0, 
requires C, 67-8; H, 95%). On being heated with the required 
amount of alcoholic sodium ethoxide it is converted completely 
into cyclohexanespirocyclohexane-3 : 5-dione, which crystallises from 
benzene in needles, m. p. 169—170° (Norris and Thorpe, loc. cit.). 
cycloHexane-1-acetone-1-acetic Acid —The keto-ester just described 
(30 g.) is heated with potassium hydroxide (20 g.) in 20 c.c. of water 
and 100 c.c. of methyl alcohol on the steam-bath for 12 hours, the 
alcohol removed under diminished pressure, and the residue diluted 
with water, éxtracted with ether, and acidified with hydrochloric 
acid. The oil obtained, isolated by means of ether, slowly solidifies, 
and contains cyclohexane-1-acetone-l-acetic acid and a small amount 
of cyclohexane-1 : l-diacetic acid. Separation is effected by hot 
petroleum (b. p. 60—80°), in which the former alone is soluble. On 
removal of the solvent the keto-acid is obtained pure, m. p. 73°. 
Norris gives m. p. 67° (J., 1926, 248) (Found: C, 66-3; H, 9-4%; 
M, by titration, 194). The semicarbazone, crystallised from methyl 
alcohol, melts at 185° (Found: C, 56-6; H, 86. C,,H,,0,N, 





requires C, 56-5; H, 8-2%). 

Action of Acetyl Chloride on eycloHexane-1-acetone-1-acetic Acid.— 
A mixture of the acid (5 g.) and an excess of acetyl chloride (8 c.c.) 
is kept at the ordinary temperature for 12 hours, hydrogen chloride 
being given off, and is then treated with water and extracted with 
ether. The extract is washed with sodium carbonate solution and 
with water, dried, and distilled. The neutral, mobile, colourless 
liquid obtained has b. p. 144°/17 mm., d* 1-0533, n§* 11-4952, 
whence [R,]p = 49-85 (cale., 49-79) (Found: C, 72-7; H, 8-9. 
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C,,H,,0, requires C, 73:3; H, 88%). The unsaturated lactone 
(VIII) is hydrolysed by alcoholic potash, giving the keto-mono- 
carboxylic acid, m. p. 73°. 


cycloPentane Series, 


The compounds of this series (RR’ = C,H,> in the formule) 
are prepared in substantially the same way as the corresponding 
compounds of the cyclohexane series. 

cycloPentanespirocyclo-3-hydroxy-6 - cyano -3 - methyl -5 - piperidone 
(VI) (18 g:), prepared from cyclopentenylacetone (26 cic:); cyano- 
acetamide (16-8 g.), and sodium (4-6 g.), crystallises best from dilute 
acetic acid and melts at 282° (Found : C, 63-3; H, 8-1. C,,H,,O,N, 
requires C, 63-4; H, 77%). It resembles the cyclohexane analogue 
in solubility. 

eycloPentane-1-acetone-l-malonic acid (I1} separates from hot 
chloroform—petroleum in characteristic, half-pyramid-shaped 
crystals, m: p. 106°, decomp. near 130° (Found: C, 57-8; H, 7-4; 
M, by titration, 228. C,,H,,0; requires C,57-9; H,7-0%; M, 228). 
It is practically unaffected by ordinary hot solvents, but is trans- 
formed into the dilactone (IV) by concentrated hydrochloric acid or 
any dehydrating agent. The semicarbazone, after crystallising from 
methyl alcohol, melts at 177° (Found : ©, 50-6; H,6-8. C,,H,,0;N, 
requires C, 50:5; H, 6-7%). When esterified with alcohol and 
hydrogen chloride, the acid gives what appears to be the normal 
ethyl ester, b. p. 179°/13 mm., df 1-0767; nif 1-4632,- whence 
[R,\p = 72-68 (calc. for the normal ester, 72-78) (Found : C; 63-2; 
H, 8-7. C,,;H,,0,; requires C, 63-3; H, 8-4%). The ester yields 
readily a semicarbazone which melts at 109° after crystallising from 
ethyl acetate and light petroleum’ (Found: C, 56:6; H, 83. 
C,,H,,O;N, requires OC, 56-3; H, 7-9%). 

Behaviour of cycloPentane-1-acetone-1-malonic Acid on Heating.— 
When the acid (5g.) is heated at 140—150° for 5hours, and the product 
separated into neutral and acidic portions, 2-1 g. of the dilactone 
(IV), representing about 47% of the total dibasic acid, is obtained. 
After crystallising from methyl alcohol, it melts at 139° (Found : 
C, 62:7; H, 6-5. C,,H,,0, requires C, 62-8; H, 6-6%). The same 
dilactone is obtained from the piperidone compound (VI) by 
hydrolysis with concentrated hydrochloric acid. 

The acid product is cyclopentane-l-acetone-l-acetic acid (III) 
(2-05 g.); after crystallising from light petroleum, it melts at 53° 
(Found: C, 65-0; H, 89.' C,,H,,0, requires C, 65-2; H, 8-7%) 
and is identical with the synthetic. acid described below. 

Synthesis of Methyl cycloPentane-1-acetone-l-acetate—The an- 
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hydride (98 g.) of cyclopentane-1 : 1-diacetic acid (Kon and Thorpe, 
loc. cit., p. 700) is boiled with methyl alcohol (47 ©.c.) for 3 hours, the 
oily methyl hydrogen cyclopentane-1 : 1-diacetate produced (Found 
for the silver salt: Ag, 35-8. C,)H,,O,Ag requires Ag, 35-4%) is 
treated with a slight excess of thionyl chloride, and the crude acid 
chloride with zinc methyl iodide: from 60 g. of the acid ester, 
44 g. of methyl cyclopentane-1-acetone-l-acetate were obtained. The 
semicarbazone, after crystallising from methyl alcohol, melts at 119° 
(Found : C, 56-5; H, 8-5. C,,H,,0,N, requires C, 56-5; H, 8-2%). 
The ester regenerated from it has b. p. 130°/12 mm., dj” 1-0386, 
nix” 1-46021, whence [R,]) = 52°24 (calc., 52-46) (Found: C, 
66-5; H, 92. C,,H,,0, requires C, 66-6; H, 9-1%). The ester 
(7 g.), on being heated with sodium (0-9 g.) in 30 c.c. of alcohol for 
several hours on the steam-bath, is completely converted into 
cyclopentanespirocyclohexane-3 : 5-dione, m. p. 136° (Norris and 
Thorpe, loc. cit., p. 1207). This is the best method of preparing 
the dione in quantity, and the reduction of this substance to 
the corresponding hydrocarbon is under investigation in order to 
compare this product with that obtained by a different series of 
reactions. 

cycloPentane-1-acetone-l-acetic Acid (III).—The methyl ester 
(31 g.) is hydrolysed with potassium hydroxide (30 g.) in aqueous- 
alcoholic solution. The acid produced contains some cyclopentane- 
1 : 1-diacetic acid and is purified in the same way as its cyclohexane 
analogue; after crystallising from light petroleum, it melts at 53° 
(Found : C, 66-0; H, 8-8; M, by titration, 179. C,)H,,0, requires 
C, 65-2; H, 8-7%; M, 184). It is very soluble in most of the 
ordinary organic solvents, but insoluble in water. The semi- 
carbazone, after crystallising from methyl alcohol, melts at 191° 
(Found : C, 54-7; H, 8-4. C,,H,,0,N, requires C, 54-7; H, 7-9%). 
The acid, on esterification with methy! alcohol and hydrogen 
chloride, gives the above methyl ester, identified through the 
semicarbazone, m. p. 119°. 

Action of Acetyl Chloride on cycloPentane-1-acetone-1-acetic Acid.— 
When a mixture of the acid (6 g.) and acetyl chloride (10 c.c.) is 
heated on the steam-bath, a vigorous reaction sets in and hydrogen 
chloride is given off. Heating is continued for about an hour and 
the unsaturated lactone (VIII) is then isolated in the same way as 
the cyclohexane analogue. It isa mobile liquid with a characteristic 
odour. It has b. p. 124°/14 mm., di” 1-0573, nj®* 1-49043, 
whence [R,;], = 45-42 (cale., 45-17) (Found: C, 71-9; H, 8-5. 
Ci 9H,,0, requires C, 72-2; H, 84%). When hydrolysed with: 
alcoholic potash, it gives the keto-acid, m. p. 53°. 
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CII.—Synthesis of Cyclic Compounds. Part V. The 
Catalytic and the Thermal Decomposition of some 
Normal Dibasic Acids. A Contribution to the 
Problem of the Ease of Formation of Simple Carbon 
Rings. 

By ARTHUR IsRAEL VOGEL. 

Ir has been shown (J., 1928, 2032) that suberone may be obtained 

in 40% yield by the dry distillation of a mixture of suberic acid and 

iron filings in the presence of a small quantity of baryta, although 

Easterfield and Taylor (J., 1911, 99, 2299) were unable to obtain 

satisfactory yields by a similar process. The advantages of this 

method are: (1) the ketone is prepared directly from the acid 
without previous preparation of a salt, (2) the distillation is carried 
out under atmospheric pressure, (3) the ketone is obtained in good 
yield, and (4) the cost is low (compare the dry distillation of thorium 
suberate under reduced pressure; Ruzicka and others, Helv. Chim. 

Acta, 1926, 9,515). It was clearly desirable not only to investigate 

the mechanism of the reaction but also to extend it to other normal 

dibasic acids. 

As a result of a series of comparative experiments in which 
suberic acid was heated with different quantities of iron filings and 
also baryta, full details of which will be found in the experimental 
section, it is concluded that an intermediate iron—most probably 
the ferrous—salt is formed at a relatively low temperature and then 
undergoes decomposition into the ketone at a somewhat higher 
temperature. When the quantity of iron present is less than that 
theoretically required for the formation of a ferrous salt, variable 
quantities of n-heptoic acid are formed; indeed, when no iron is 
present, n-heptoic acid forms the principal product of the reaction 
(vide infra). The use of small quantities of baryta facilitates the 
formation of the intermediate iron salt, lowers the decomposition 
temperature, and gives a purer product. Support for the view that 
an intermediate ferrous salt is formed is provided by the experiments 
of Easterfield and Taylor (loc. cit.), who found that the yields of 
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stearone. obtained by the dry distillation of stearic acid with the 
equivalent quantity of iron for the formation of the ferrous salt 
(62%) and of ferrous stearate (60%) at 360° were practically 
identical. 

The yields of ketone obtained from adipic and pimelic acids by 
the iron method (7.e., the optimum conditions employed for suberic 
acid) were 51% and 56% respectively. Azelaic acid gave a 10% 
yield of cyclooctanone, and only methyl octyl ketone could be 
isolated from. the distillation of sebacic acid and iron filings (compare 
Ruzicka and Brugger, Helv. Chim, Acta, 1926, 9, 389, who isolated 
05% of suberone, 1-2—1-5% of cyclononanone, and 0-7% of methyl 
octyl ketone by the dry distillation of thorium sebacate). The 
formation and decomposition of the intermediate iron salt of azelaic 
acid is very much slower than that of suberic acid, so\in the dry 
distillation of a mixture of swberie and azelaic acids under the 
conditions previously described (Vogel, loc. cit.), it is the iron salt 
of suberic acid which is preferentially formed and decomposed and 
hence only suberone is. obtained. _ No appreciable quantity. of ketone 
could be isolated from glutaric acid, 

A summary of the results is given in Table 1; the yields obtained 
from the calcium and thorium salts (Ruzicka and others, Helv. 
Chim. Acta, 1926, 9, 505) are appended for purposes of comparison. 
The last column represents the results obtained by the slow thermal 
decomposition of the acids (vide infra). It is evident from the table 


f 


TABLE I, 


Salt: Caleium: .. Thorium, Iron. Aeid. 


Glutaric acid 0 <1% 
Adipic 15% 51 
Pimelic 40—50 70 56 
i 40 <2 
20 10 <l 
15 <l 


that the yields of ketone obtained by the dry distillation of the salts 
of the dibasic acids cannot, be employed as an absolute index of 
ring-forming capacity, as these vary with the metal employed. 
In order. therefore, to obtain experimental evidence for the ease of 
formation of simple carbon rings, some other reaction must be 
employed. Before the method used in the present research is 
described, a critical discussion of the previous work on the subject 
must be given. The reaction chosen must satisfy at least two con- 
ditions : there must be (1) a main reaction involving the formation 
of the cyclic compound and (2) an alternative side reaction leading 
to an open-chain product. Ingold (J., 1921, 119, 305) studied the 
action of alkali under standard conditions on «-halogenated and 
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ax'-dihalogenated derivatives of dibasic acids, the side reaction 
being the replacement of the halogen atom by the hydroxyl group, 
and the progress of ring formation in competition with the side 
reaction being taken as a measure of the ease of production of the 
ring. It was shown that, whereas the yield of cyclopropane com- 
pound was about 50%, in the glutaric acid series; only about 1% of 
cyclobutane compound was isolated in the adipic acid series (Ingold, 
J., 1921, 149, 951). For pimelic acid, Hassell and Ingold (J., 1926, 
1465) state that “the ratio (ring formation) : (hydroxylation) is 
mutch greater than in any case previously investigated,” but no 
quantitative figures are given. The reaction, as an index-of ring- 
forming capacity, fails completely for suberic and azelaic acids owing 
to side reactions (Goss and Ingold, J., 1926, 1471), so that the 
experimental problem of the relative ease of formation of 5- and 
6-membered rings must still be regarded as unsolved. 

By assuming the value 115-3° as the angle between the carbon-to- 
carbon valencies in a polymethylene chain, calculated on the basis 
of the modified strain theory, and by employing Traube’s relative 
atomie volumes for carbon and hydrogen (Ahren’s Vortrage, 1899, 
4, 255), Ingold computes the relative ease of formation of some 
simple carbor rings (Table IT, A); the figures thus obtained exhibit 


TABLE IT. 


3-Ring. 4-Ring. 5-Ring. 6-Ring. 7-Ring. 
Ease of ring formation 0-345 0-427 0-220 0-207 ~ 0-730(A) 
ee 0-927 0-436 0-126 0-084 0-230 (B) 
le of strain p Bornes) 24-7° 9-7° 0:7° —5-3° —9-5°, (C) 
eat absorbed 
"teal )(S. and K.) .... 38-1 42-6 16-1 14-3 —  (D) 
Ene of C-C link 
= (Hiickel) 127-2 130-1 136-5 137-5 138-5 (E) 


168°5 165°5 159 158 158 (F) 


Contribution (cals.) per 
CH, 


a maximum at cyclobutane—in agreement with Ingold’s own 
experimental results—and require the almost equal ease of formation 
of 5- and 6-membered rings. Ingold seeks to obtain further support 
for his theoretical calculations by comparing (A) with Stohmann 
and Kleber’s thermal figures (D) (J. pr. Chem., 1892, 45, 475). 
| This comparison, however, is not justified, since thermal measure- 
ments must be compared not with ease of ring formation but with 
the stability of the ring, a quantity (Table II, B) which was also 
computed by Ingold (Joc. cit., p. 309) and exhibits no maximum at 
cyclobutane (compare Hiickel, ‘‘ Fortschritte der Chemie, Physik 
und Physikalischen Chemie,’”’ Bd, 19, Heft 4, 1927,s. 75). Hiickel 
(Ber., 1920, 53, 1281) states that the correct quantity to be employed 
for the comparison of the stability of ring systems by means of 
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thermochemical data is the energy of the C-C linking in the ring 
(Table II, E) or the contribution in cals. per CH, (ibid., p. 11) 
(Table II, F): these exhibit no maximum at cyclobutane. 
Examples such as (a) the greater yield of the cyclobutane com. 
pound (I) than of the cyclopropane compound (II) obtained by the 
condensation of trimethylene dibromide and ethylene dibromide, 


(I.) CH op >O(CO SEE), CCE ts (I1.) 


respectively, with ethyl sodiomalonate Sd J., 1885, 47, 801; 
1887, 51, 1; Perkin and Prentice, J., 1891, 59, 823), (b) the almost 
equal yields of cyclobutane (III) and cyclopropane (IV) compounds 
obtained in the condensation of ethyl aa’-dibromoglutarate with 


CO,Et H-CO,Et 
(III.) cH Ser (CO,Et) CH, ‘CO,Et = (IV.) 
HCO, CH(CO,Et), 
ethyl sodiomalonate in alcoholic solution (condensation in benzene 
solution gave a 70—80% yield of III; Ing and Perkin, J., 1925, 


127, 2387), and (c) the quantitative production of cyclobutane- 
1 : 3-dicarboxylic acid (V) and not the 3-membered ring compound 


CO,H-CMe—CH-C0,H (v7) 


(V.) CO,H- CHC > CH-00H NCH,” 


(VI) by the aie of «88-tribromobutane-83-dicarboxylic acid 
(Perkin and Simonsen, J., 1909, 95, 1169) are difficult to correlate 
with Ingold’s calculations and point unmistakably to the presence 
of polar and other factors which render comparison impossible. 

Reference must here be made to the important theoretical work 
of Wojnicz-Sianozencki (Rocz. Chem., 1921, i, 244) on the ease of 
formation of simple carbon rings. The normal tetrahedral angle, 
109° 28’ 24”’, in a polymethylene chain (compare Ingold, loc, cit.) 
forms the basis of the calculations and the whole conception is 
essentially a dynamic one; by applying the theory of probabilities 
and making certain plausible assumptions relative to the sphere of 
influence of the carbon atoms, the final result obtained is that 

Na> 25> Ne> 27> Ng> Na> Ng 

where », represents the probability of formation of an n-membered 
ring, t.e., a double bond is formed more readily than a 5-ring, a 
5-ring more readily than a 6-ring, etc. The points of particular 
interest are: (i) the greater ease of formation of a 3- than a 4-ring, 
a result in agreement with Ingold’s calculations, and (ii) the 5-ring 
should be formed more readily than the 6-ring. 

The reaction chosen by the author for the comparison of capacity 
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of ring formation, which satisfied the two conditions already men- 
tioned and in which polar factors were reduced to a minimum, 
consisted in the slow thermal distillation of the normal dibasic 
acids (VII). Decomposition could occur in two ways: the first 


H. 
(CH,),. 2">CO + CO, + H,O 
0, 7 2 <CHD>o 2 2 


(VIIL.) 
(CH) <HCOH 2. 
(VII.) (CH).<CH:-CO,H + CO, (IX.) 


involves the loss of carbon dioxide and water with the production 
of the ketone (VIII); the second, the elimination of carbon dioxide 
only with the formation of a saturated monobasic acid (IX). The 
reaction products could be easily separated and weighed. Glutaric 
acid yielded only n-butyric acid, but the most interesting results 
were obtained with adipic and pimelic acids. The yields of cyclo- 
pentanone and cyclohexanone were respectively 80% and 52%, thus 
pointing to the conclusion that the cyclopentane ring is formed more 
readily than the cyclohexane ring, a result which is not in accord 
with the theoretical computations of Ingold (Table IT, A) but is in 
agreement with the predictions made by Wojnicz-Sianozencki 
(loc. cit.). Further, the yield of monobasic acid was greater in the 
pimelic than in the adipie acid series. This observation is not an 
isolated one, for Perkin (compare Ber., 1902, 35, 2105) has found 
that «3-dibromopentane condenses more readily than ae-dibromo- 
pentane with ethyl sodiomalonate with the formation of the corre- 
sponding cyclic compounds (X) and (XI), and the 7-membered ring 
compound (XII) is formed with great difficulty from heptamethylene 


-, CH,-CHM CH,°CH, ; 
(X.) ya CH, C(COsEt s CHa ot cH COOOnE th, (XT) 

H,°CH,°CH, XII. 

rp CH CHC OOnEts XIE 
dibromide and ethyl sodiomalonate. Suberic, azelaic, and sebacic 
acids gave good yields of n-heptoic, n-octoic, and n-nonoic acids and 
the yields of ketone in the first two cases did not exceed 2%. The 
yields of cyclopentanone obtained by the dry distillation of adipic 
acid (80%) and of adipic acid in the presence of 5% of baryta (78%) 
under comparable conditions are practically identical, so the 
reaction cannot be regarded as a catalytic one (D.R.-P. 256622; 
Roger Adams, ‘“‘ Organic Syntheses,” 1925, 5, 37); the effect of the 
baryta is to lower the decomposition temperature from 313—315° 

to 288—293° and slightly to accelerate the decomposition. 
Aschan (Annalen, 1911, 385, 58; Ber., 1912, 45, 1603) has 
described the distillation of adipic, suberic, and sebacic acids in a 
cc2 
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current of carbon dioxide, but although he actually isolated only the 
ketones and monobasic acids, he expressed the view that unsaturated 
acids also are formed according to the scheme : 


CH,-CH, COM. py 9, CHyCHyCOL, 
CH,-CH,-CO,H > "20 * Gu,cH,co7? 7 
CH,-CH,0 | __. OH:CH, 
CO + GH-CH,-CO > CH,-CH,CO,H 


This view, which was unsupported by experimental evidence, is 
probably erroneous. Other relevant work is that of Blane (Bull. 
Soc. chim., 1908, 3, 778), who found that the yields of ketones 
obtained by distillation of the anhydrides of adipic and pimelic 
acids at 200—220° (a temperature very much lower than that 
employed in the present research) were about 50%, 

The work is being continued and will be extended to other normal 
and also to substituted acids, 


EXPERIMENTAL. 


Glutaric Acid.—The following modification of Wislicenus’s. method 
(Annalen, 1893, 275, 309) for the preparation of glutaric acid was 
employed. One part of cyclopentanone was added during 2 hours 
to 10 parts of boiling dilute nitric acid (2 : 3), and the whole evapor- 


ated to dryness on the steam-bath. The residue was extracted 
twice with benzene—ether, the solvent removed, and the resultant 
glutaric acid zecrystallised first from chloroform and then from 
benzene-ether. It melted at 97°. Yield: 280 g. of glutaric acid 
and 90 g. of succinic acid from 400 g. of cyclopentanone (two 
experiments). 

A. Thermal decomposition. The apparatus employed consisted 
of a 500 c.c. Pyrex distilling flask furnished with a cork carrying a 
thermometer reaching to within 0-5 cm. of the bottom of the flask 
and connected to a long water-condenser and receiver. The flask, 
containing 100 g. of glutaric acid, was placed in a bath, the interven- 
ing space packed with copper turnings, and the whole gradually 
heated, the rate of distillation not exceeding one drop in several 
seconds. A small quantity of liquid passed over at 290—300° 
and the temperature then remained constant at 301—304° during 
the distillation, which lasted 20 hours. There was a carbonaceous 
residue, The distillate was taken up in ether, the ethereal solution 
was washed with excess of dilute aqueous sodium hydroxide and 
dried, and the ether evaporated. The neutral fraction (0-4 g.) did 
not give a semicarbazone on standing with semicarbazide acetate 
for some months and was therefore not further investigated. The 
alkaline washings were acidified with dilute sulphuric acid and 
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steam-distilled ; from the steam-distillate, saturated with ammonium 
sulphate, ether extracted butyric acid, b. p. 160—162°/750 mm., 
di* 0-9595, n§* 1-3978 (Found for the silver salt: Ag, 557. 
Cale.: Ag, 55-4%). 

B. Catalytic decomposition. This term will be applied to the 
decompositions in which the proportion of iron and baryta was that 
which gave the highest yield of suberone from suberic acid (Vogel, 
loc. cit.). An intimate mixture of 50 g. of glutaric acid, 50 g. of 
iron filings, and 2-5 g. of crystallised baryta was slowly distilled 
exactly as described under (A): these were the standatd conditions 
used throughout the work. There was some frothing at about 270°, 
some fuming above 290°, and a small distillate passed over at 290— 
380°. This was taken up in ether, washed with alkali, and recovered 
(1-5 g.). It distilled at 145—150°/758 mm. (cyclobutanone has 
b. p. 99—1L01°), and was not further investigated since it gave only 
a sticky semicarbazone. 

Adipic Acid.-The adipic acid was obtained from the Deutsches 
Hydrierungs Akt. and had m. p. 152°. 

A. Thermal decomposition. ‘200 G. were distilled during 12 hours 
from a litre Pyrex distilling flask ; the major portion passed over at 
313—315°, but the temperature rose to 320° towards the end of the 
distillation. The distillate was treated with excess of dilute 
ammonia solution, the ammoniacal layer separated, and the residual 
liquid dried with calcium chloride and distilled, 92 G. .of cyelo- 
pentanone, b. p. 131—132°, were obtained and there was hardly 
any residue of high boiling point. The excess of ammonia was 
evaporated from the ammoniacal washings, and from the neutral 
solution silver salts were precipitated (12-4 g. Found : Ag, 54-4%). 
These were decomposed with dilute sulphuric acid, and n-valeric 
acid, containing a little adipic acid in suspension, was obtained ; 
it boiled at 188—185°/770 mm. (Found for the silver salt: Ag, 
51-9. Cale.: Ag, 51-7%). The yield of ketone (80%) was un- 
affected if the distillation was carried out in lots of 50 g. from a 
500 c.c. Pyrex distilling flask; the duration of the distillation was 
then 6 hours. 

B. Decomposition in the presence of an equivalent quantity of iron, 
When 200 g. of adipic acid and 77 g. of iron filings were slowly 
heated, the temperature rose fairly rapidly to 250°, the ketone 
passed over mainly above 290°, and the temperature rose to 360° 
towards the end of the distillation. The yield of cyclopentanone 
was 70 g. or 61%. 8; 

C. Decomposition in the presence of 5% by weight of baryta. 200 G., 
mixed with 10 g. of crystallised baryta, were similarly heated. The 
distillate passed over at 288—293°/769 mm. and was worked up as 
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described under (A). The yield of cyclopentanone was 90 g. or 
78%. 

D. Catalytic decomposition. When a mixture of 200 g. of adipic 
acid, 200 g. of iron filings, and 10 g. of baryta was heated, after 
water had passed over, the ketone began to distil at 260° and most 
passed over at 290—300°; the temperature was finally raised to 
360°. The yield of cyclopentanone was 59 g. or 51%; there was 
10 g. of a product of high boiling point (compare the distillation of 
calcium adipate; Wislicenus, Annalen, 1893, 275, 309; Wallach, 
Ber., 1896, 29, 2955) which probably contained some cyclopentyl. 
idenecyclopentanone. 

Pimelic Acid.—This was prepared in fair yield by the condensation 
of «y-dibromopropane and ethyl sodiomalonate (Perkin and Prentice, 
J., 1887, 51, 20; 1891, 59, 823) and hydrolysis of the resultant 
ethyl pentanetetracarboxylate with 50% sulphuric acid; a some- 
what better yield was obtained by employing 4 mols. of ethyl 
sodiomalonate per mol. of «y-dibromopropane (compare Baeyer, 
Annalen, 1894, 278, 100). The most convenient method was the 
following one: aze-dibromopentane, b. p. 112—113°/22 mm. (Dox 
and Yoder, J. Amer. Chem. Soc., 1921, 43, 1366: it may now be 
prepared in good yield from ethyl glutarate; Miiller and Rédlz, 
Monatsh., 1928, 50, 105) was converted, by refluxing it with 2 mols. 
of alcoholic potassium cyanide, into the dinitrile, b. p. 164—165°/13 
mm. (von Braun, Ber., 1904, 37, 3588, gives b. p. 171—172°/12 mm. ; 
Hamonet, Compt. rend., 1904, 139, 59, gives b. p. 175—176°/14 mm.), 
and the latter hydrolysed by heating under reflux for 9 hours with 
12—15 times its weight of 50% sulphuric acid; the pimelic acid 
separated as a crystalline solid from the cooled solution (yield, almost 
quantitative). The method of von Braun and of Hamonet (loc. cit.), 
involving the use of a sealed tube, is less convenient and is difficult 
to carry out with large quantities of material. On recrystallisation 
from benzene containing 5% of ether, the pimelic acid separated 
in prisms, m. p. 105—106°. 

A. Thermal decomposition. 50 G. were distilled during 6 hours 
exactly as described under adipic acid (A). The distillate, which 
passed over mostly at 334—336°, was mixed with pure ether and 
treated with an excess of dilute aqueous ammonia, the ethereal 
solution dried, and the ether slowly removed through a long column. 
The residual liquid had b. p. 155°/758 mm., di?” 0-9489, ni}* 1-4521 
(Vogel, J., 1928, 2030, gives for cyclohexanone regenerated from the 
bisulphite compound, dj?” 0-9492, ni§* 1-4521) and gave a quanti- 
tative yield of cyclohexanonesemicarbazone, m. p. 166° (yield, 
16-0 g. or 52%). From the ammoniacal washings, silver n-hexoate 
(4-3 g.) (Found : Ag, 48-9. Cale.: Ag, 48-5%%) was obtained. 
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B. Catalytic decomposition. When 50 g. were heated during 6 
hours, a pale yellow liquid distilled at 318—360° which gave 17-1 g. 
of cyclohexanone (yield, 56%) and 4-0 g. of a high-boiling product 
which was not investigated. 

Suberic Acid.—This was prepared from castor oil (Baker and 
Ingold, J., 1923, 123, 122; Vogel, J., 1928, 2032) and melted at 140°. 

A. Thermal decomposition. 50 G. were distilled during 5 hours. 
The distillate, which passed over at 341—348°, was separated by 
means of ether and dilute sodium hydroxide solution into a neutral 
fraction (0-9 g.), which gave suberonesemicarbazone, and an acid 
fraction; the latter, after purification by steam distillation and 
treatment with ether, gave 15-5 g. of n-heptoic acid, b. p. 120°/18 
mm., dj3* 0-9212, nj* 1-4255 (Found for the silver salt : Ag, 45-7. 
Cale. : Ag, 45-6%). 

B. Decomposition in the presence of 5% by weight of baryta. 50 G.., 
mixed with 2-5 g. of crystallised baryta, were slowly distilled. A 
liquid passed over at 336—342° (mainly at 336—337°) and after 
being worked up as described under (A), gave a small quantity of 
suberonesemicarbazone (yield, }>2%) and 12-9 g. of n-heptoic acid, 
b. p. 121°/18 mm., di?* 0-9231, nj* 1-4265. 

C. Decomposition in the presence of 5% by weight of iron filings. 
This is the original ‘‘ catalytic ’ process described in D.R.-P. 256622, 
for which an excellent yield of suberone is claimed. When 50 g. of 
suberic acid, mixed with 2-5 g. of iron filings, were distilled, a liquid 
passed over at 308—326°. The temperature was raised above 360° 
after 5 hours; considerable frothing and fuming set in and a further 
small quantity of liquid distilled over. The distillate was treated 
in the usual way. The neutral fraction yielded 2-5 g. of a liquid, 
b. p. 178—186°/769 mm., on distillation; treatment with semi- 
carbazide acetate furnished an opaque granular semicarbazone, 
obviously impure, which after five crystallisations from dilute 
methyl alcohol melted at 162—163° and was identical with suberone- 
semicarbazone. The acid fraction gave 8-5 g. of n-heptoic acid, 
b. p. 121°/19 mm. 

D. Decomposition in the presence of one-half the equivalent weight 
of iron filings. 50 G., mixed with 8-2 g. of iron filings (half the 
quantity required for the formation of a ferrous salt), were distilled 
during 6 hours. There was a small amount of frothing at first and a 
substance with a pungent acid odour passed over at 316—328°; 
when about half the total distillate has passed over, the odour of the 
distillate changed to a ketonic one, this process being accompanied 
by frothing and fuming in the flask. The temperature was raised 
towards the end of the decomposition until no further distillate was 
obtained. The distillate was worked up as detailed under (C) and 
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yielded 1-8 g. of n-heptoic.acid and 7-7 g. of a ketonic fraction, b. p. 
178—188°/766 mm., di?” 0-9242, mnif* 1-4584, which afforded 
suberonesemicarbazone, m. p. 162—163°, after three crystallisations 
from dilute methyl alcohol. 

E. Decomposition in the presence of an equivalent quantity of iron 
filings. 50 G., mixed with 16-5 g. of iron ‘filings, were slowly 
distilled. There was considerable. frothing and fuming at first, 
and some water distilled, followed by a colourless liquid of ketonic 
odour at 296—312° (chiefly at 296—298°); when the temperature 
was finally raised to about 400°, a small quantity of a blue liquid 
passed over. The distillate was mixed with ether, washed with 
dilute alkali solution and dried, and the ether removed ; the residual 
liquid yielded on fractionation (1) a practically colourless liquid 
(8-0 g.), b. p. 177—185°/756 mm., chiefly at 179—180°/756 mm., 
di?* 0-9259, nii* 1-4580, which gave suberonesemicarbazone, m. p. 
162°, after three crystallisations from dilute methyl alcohol, (2) a 
pale blue liquid (3-2 g.), b. p. 186—205°/756 mm., which became 
yellowish-brown on standing and contained some suberone, and 
(3) a dark-coloured liquid (3-0 g.), b. p. above 205°/756 mm., which 
was not investigated. The alkaline washings gave 0-I g. of n.- 
heptoic acid. 

F. Decomposition in the presence of an equal weight of iron filings. 
50 G., mixed with 50 g. of iron filings, were slowly distilled. _ There 
was a considerable amount of fuming and frothing while the 
temperature was 280—330°; the fuming then subsided, and a pale 
yellow liquid of ketonic odour passed over at 340—370°. The 
temperature was raised until no further distillate was obtained; 
the last fraction was bluish-green. After being worked up as 
detailed under (C), the distillate yielded 10-0 g. of a liquid, b. p. 
180—182°/766 mm., d* 0-9326, n}>* 1:4582, which furnished 
suberonesemicarbazone, m. p. 162—163° after one crystallisation 
from dilute methyl alcohol; there was also a dark-coloured residue 
(0-9 g.). 

The decomposition of suberic acid in the presence of an! equal 
weight of iron filings and 5% by weight of baryta has previously 
been described (J., 1928, 2035), and that experiment and experiments 
C, D, E, and F indicate clearly that increasing the proportion of iron 
increases the purity of the resultant suberone, as evidenced by the 
boiling point, density, refractivity, and semicarbazone formation. 

Azelaic Acid.—This was prepared by the oxidation of ricinoleic 
acid with potassium permanganate (Maquenne, Bull. Soc. chim., 
1899, 21, 1061) and after recrystallisation from benzene melted at 
106—107°. 

A Thermal decomposition. 50 G. were distilled during 8 hours. 
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The distillate, which passed over at 354—-357°, was worked up as 
described under.suberic acid: (A). The neutral product gave the 
following fractions on distillation :);(i).b.. p. 85—155°, ca,.1 g., 
(ii) b. p. 180-—-230°, 1-4 g. -Treatment of the latter with semi- 
carbazide acetate yielded, after long standing, a semicarbazone the 
m. p. of which could not be raised above 105—110° after several 
crystallisations from dilute methyl alcohol; it was not further 
investigated owing to the small quantity available, but was clearly 
impure cyclooctanonesemicarbazone. The alkaline washings gave 
5-0 g. of n-octoi¢ acid, b. p. 129—130°/16 mm. (Found for the silver 
salt: Ag, 43-4. Cale.: Ag, 43-1%). 

B. Catalytic decomposition. 80 G., mixed with 80 g. of iron filings 
and 4g. of crystallised baryta, were slowly distilled. (The inter- 
mediate iron salt is only slowly formed and unless the following 
experimental conditions are maintained a very poor yield of ketone 
is obtained.) The temperature was slowly raised to 250°, kept at 
250—300° for at least 2 hours, and then slowly raised. Some 
frothing and fuming occurred at 370—380° and a liquid with a 
ketonic odour distilled ; the distillation was conducted very slowly 
at 370—390° during 20 hours until the liquid ceased. to distil. The 
total duration of the distillation was 27 hours. The distillate gave 
by the usual treatment a neutral fraction, which was distilled under 
diminished pressure, the following fractions being collected: (i) up 
to 67°/17 mmi:, 3-7 .g.; (ii) b. p. 67—74°/17 mm., 1-9 g.; (iii) 74— 
86°, chiefly 77—81°/17 mm., 2-8 g.; (iv) 86—130°/17 mm., 5-4 g. 
Each fraction was treated with semicarbazide acetate; fraction 
(iii) yielded a semicarbazone immediately, but fractions (i) and (ii) 
only after some time. The semicarbazone from fraction (iii) after 
recrystallisation from dilute methyl] alcohol was caseous and melted 
at 95—120°; further reerystallisation from dilute methyl alcohol, 
followed by trituration with light petroleum (b. p. 60—80°) and 
recrystallisation from benzene and from dilute methy] alcohol, gave 
lustrous feathery plates, m. p. 166—167°, of cyclooctanonesemi- 
carbazone (Found: C, 58-7; H, 9-3. Cale.: C, 59-0; H, 9-4%). 
The melting point of a mixture with an authentic specimen kindly 
supplied by Professor L. Ruzicka was 166—167-5°.. The'm. p.’s of 
mixtures with cyclohexanonesemicarbazone (m. p. 166°) and with 
suberonesemicarbazone (m. p. 162—163°) were respectively 139— 
149° and 149—156°. The semicarbazone derived from fraction (ii) 
behaved similarly, but was less pure. A poor yield of semicarbazone 
was obtained from fraction (i). The yield of cyclooctanone was 
about 10%. 

C. Catalytic decomposition of ‘‘ azelaic acid ” isolated from “‘ mixed 
acids *’ (compare J., 1928, 2035). The acid was isolated from the 
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mother-liquor of the suberic acid preparation and melted at 105— 
106° after several crystallisations from benzene. An intimate 
mixture of 100 g. of the acid, 100 g. of iron filings, and 5 g. of crystal. 
lised baryta was slowly distilled from a 2-litre Pyrex distilling 
flask. Considerable frothing and fuming took place at 200—260°, 
the distillate passed over chiefly at 325—340°, and the distillation 
was stopped at 360°. The product was worked up exactly as 
described under B and gave the following fractions on distillation : 
(i) b. p. 62—70°/13 mm., di” 0-9133, nj” 1-4571, 6-7 g., (ii) b. p. 
70—80°/13 mm., di?” 0-9293, ni” 1-4611, 3-1 g., (iii) b.p. 830—130°/13 
mm.,2g. Fractions (i) and (ii) yielded only suberonesemicarbazone 
on treatment with semicarbazide acetate. A minute quantity of the 
cyclooctanone fraction was isolated by Ruzicka and Brugger’s 
sodium bisulphite method. Suberone is therefore the main 
product. 

Sebacic Acid.—Boot’s pure sebacic acid, m. p. 130°, was employed. 

A. Thermal decomposition. 50 G. were distilled during 8 hours. 
The distillate, which passed over at 359—364°, was separated into a 
neutral fraction (0-9 g.), which gave a poor yield of a sticky semi- 
carbazone on long standing with semicarbazide acetate, and an acid 
fraction consisting of n-nonoic acid (7-0 g.), b. p. 142—143°/16 mm., 
a2” 0-9096, ni" 1-4343 (Found for the silver salt: Ag,41-1. Calc.: 
Ag, 408%). 

B. Catalytic decomposition. 75 G. of sebacic acid, mixed with 
75 g. of iron filings and 3-5 g. of crystallised baryta, were slowly 
distilled until nothing further passed over. The distillate (yield, 
relatively small) gave a neutral fraction which was separated by 
distillation under reduced pressure into (i) 3-5 g., b. p. 46°/15 mm.— 
80°/12 mm., (ii) 1-7 g., b. p. 80—92°/12 mm., (iii) 1-3 g., b. p. 92— 
100°/12 mm., (iv) a blue liquid (2-2 g.), b. p. 100—120°/12 mm. All 
the fractions were treated separately with semicarbazide acetate; 
a crystalline semicarbazone was obtained immediately and in 
excellent yield from fraction (iii), but only slowly from fractions (i) 
and (ii). The semicarbazone from (iii) after three crystallisations 
from dilute methyl alcohol melted at 122—123°, the m. p. being 
unaffected by further crystallisation from the same or other solvents; 
it was clearly methyl octyl ketone semicarbazone (Found : C, 61:7; 
H, 10-8. Cale.: C, 62-0; H, 10-9%) (Ruzicka and Brugger, 
Helv. Chim. Acta, 1926, 9, 397, give m. p. 120°; Pickard and Kenyon, 
J., 1911, 99, 57, give m. p. 121°). The semicarbazones from fractions 
(i) and (ii) melted at 116° after three crystallisations from dilute 
methyl alcohol and were shown by mixed m. p. determinations and 
analyses to be identical with the semicarbazone from fraction (iii). 
No other semicarbazone was isolated. 
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CIII.—Corrections in the Chemistry of Diphenyl 
Derivatives of the “ Kaufler” Type, and the 
Formation of Dibenzoctdiazines. 


By Raymonp James Woop Le Févre. 


THE reinvestigation of compounds of the type cited by Kaufler 
(Annalen, 1907, 351, 151; Ber., 1907, 40, 3250), begun by Le Févre 
and Turner (J., 1926, 2476) for such as were derivatives of benzidine, 
was extended by Kuhn, Jacob, and Furter (Annalen, 1927, 455, 
254) to include those derived from NN’-dialkylbenzidines, 4 : 4’-di- 
aminodiphenylmethane, and diaminonaphthalene. There remained 
unexamined, however, the ‘‘ malonylbenzidine ”’ of Remfry (J., 1911, 
99, 610), “‘ thiocarbonyl- and carbonyl-dianisidines ’’ (Starke, J. pr. 
Chem., 1899, 59, 216), “ carbonyl-o-tolidine ”’ and “ oxalyl-o-tolidine ” 
(Taussig, Monatsh., 1904, 25, 375), and “‘cycloformazyl methyl 
ketone ’’ (formulated as I by Wedekind, Annalen, 1898, 300, 251). 

The first three of these substances react with salicylaldehyde to 
give, in each case, a salicylidene derivative (compare Le Févre and 
Turner, loc. cit.), indicating the presence of a free amino-group (or 
groups). Remfry’s compound is probably (II), since it forms a 
sulphate and its salicylidene derivative is a well-defined crystalline 
substance (compare salicylidenemonophthalylbenzidine, Le Févre 
and Turner, loc. cit.). 


iano cOMe CHe<Go>NCK KD NH, 


(I.) (II.) 


Me Me 
NH,CONHE >—<_NH-CO-NH, (IIL) 


“Carbonyl-o-tolidine”’ is evidently (III), since (1) it is formed in best 
yield by heating 1 mol. of o-tolidine with 2 mols. of carbamide and 
(2) it can be obtained by mixing solutions of o-tolidine hydrochloride 
and potassium cyanate. Taussig’s “‘ oxalylbenzidine”’ does not 
react with salicylaldehyde, and analysis shows it to be the 4 : 4’-di- 
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ethyloxamido-3 : 3'-dimethyldiphényl to be expected from the inter- 
action of ethyl oxalate with o-tolidine; which should resemble that 
of ethyl oxalate with benzidine (Le Févre and Turner, J., 1928, 245). 
Wedekind’s directions for the preparation of ‘‘ cycloformazyl methy] 
ketone ” have been carried out on several occasions, but the products 
were always coloured inseparable mixtures apparently containing 
phenolic impurities. 


The condensation products of 2 : 2’-diaminodiphenyl with carb. 
amide and with benzil (Niementowski, Ber., 1901, 34, 3330) are 
evidently NN’-carbonyl-2 : 2’-diaminodiphenyl (IV) and 13 : 14-di- 
phenyldibenzoct-12 :15-diazine (V), respectively, since, like 
13: 14-(00'-diphenylylene)dibenzoct-12 : 15-diazine and 3 : 8-dibromo- 
13 : 14-(00’-diphenylylene)dibenzoct-12 : 15-diazine, they are inert 
towards boiling salicylaldehyde, do not form sulphates, and, in 
addition, are obtained in maximum yields when the reactants are 
taken in molecular proportion. NN’-Thiocarbonyl-2 : 2'-diaminodi- 
phenyl was readily formed by the interaction of carbon disulphide 
with 2 : 2’-diaminodiphenyl. 

Although the formation of seven-membered rings between the 
2- and the 2’-position of diphenyl is well known [e.g., diphenic 
anhydride from diphenic acid or from fluorenone-4-carboxylic acid 
(Underwood and Kochmann, J. Amer. Chem. Soc., 1923, 45, 3073), 
and diphenimide from phenanthraquinonemonoxime (Wegerhof, 
Ber., 1888, 21, 2356; Annalen, 1889, 252, 16, 25)], cases of the facile 
formation of eight-membered rings between these positions are 
rare (compare Kenner and Stubbings, J., 1921, 119, 593; Barber 
and Smiles, J., 1928,.1141): presumably the rings so obtained are 
strainless, possibly in consequence of the diphenyl nuclei having 
revolved about their common axis (as in IV) to give structures 
having a rigidity greater than that of the d- and /-forms of the 
uniaxial non-coplanar. diphenic acids (see Ann. Reports, 1927). 

2 : 2’-Diacetamidodiphenyl was readily dibrominated, giving 
5 : 5'-dibromo-2 : 2'-diacetamidodiphenyl. The corresponding amine 
and phenanthraquinone slowly formed a diphenylylenedibenzoct- 
diazine in ccutrast with 4 : 4’-dibromo-2 : 2'-diaminodiphenyl, which 
remained unaffected under the same treatment. No definite 
eompounds were isolated from the interaction of 2 : 2’-diaminodi- 
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phenyl with ethyl malonate, ethyl phthalate, or ethyl oxalate 
(compare Le Févre and Turner, J.,:1928, 245). 

The ability of the aromatic nuclei in 2: 2’-diaminodiphenyl to 
rotate about their common axis is further indicated by the complete 
absence of steric hindrance during NN’-disubstitution : e.g., with 
the appropriate reagents, disalicylidene, dibenzoyl, diacetyl, and 
diformyl (Tauber, Ber., '1891, 24,198) derivatives are formed 
exclusively. Similarly, 1-chloro-2 : 4-dinitrobenzene condenses with 
2: 2'-diaminodiphenyl to give mainly 2 : 2’-di(2” : 4'’-dinitrophenyl- 
amino)diphenyl, accompanied by some N-2’ : 4’-dinitrophenylearb- 
azole. The ready formation of'«- and §-naphthyl and benzyl hydrogen 
diphenates from. diphenic anhydride and the corresponding hydr- 
oxylie compounds further illustrates essentially the same point. 


EXPERIMENTAL 


4-Salicylideneamino-4'-malonylamidodiphenyl.—A solution of 
“ malonylbenzidine ” (prepared according to Remfry, loc. ‘cit.) in 
cold sulphuric acid gave on dilution with ice a colourless amorphous 
sulphate [Found : N, 9-5. (C,;H,.0,N,).,H,SO, requires N, 9-3%]. 
A few grams of the base were boiled with an excess of a salicyl- 
aldehyde—phenol mixture, and the yellowish-red solution produced 
was cooled. The salicylidene derivative crystallised from phenol in 
light yellow, thin plates, m.p.298—300° (Found : N, 8-0. C..H,0,N, 
requires N, 7-9%). 

Action of Salicylaldehyde on Carbonyl- and Thiocarbonyl-di- 
anisidines.—These substances (prepared essentially as described by 
Starke, loc. cit.), on’ subjection to the above treatment, slowly 
formed yellow insoluble powders, which were repeatedly extracted 
with boiling alcohol [Found : N, from 7-6 to 7:8% for the carbonyl 
derivative and from 7:2 to 7:5% for the thioearbonyl derivative, 
CH, ,0,N, and C,,H,,0,N,8 require N, 7-5 and 7-2%, respectively, 
The more probable formule (C,,H,,0,;N)-NH°*CO-NH(C,,H,,0,N) 
and (C,,H,,0,N)-NH-CS-NH(C,,H,,0,N) require N, 7-8 and 7-6%, 
respectively ]. 

‘ Oxalyl-o-tolidine”’ (Taussig, loc. cit.), after dissolution in boiling 
salicylaldehyde and precipitation by alcohol, gave a colourless 
powder, m. p. above 300° (Found: N, 6-9. C,.H,,0,N, requires 
N, 6-8%). 

Preparation of 2 : 2'-Diaminodiphenyl.—The addition of sand in 
the preparation of 2 : 2’-dinitrodiphenyl (Ullmann and Bielecki, Ber., 
1901, 34, 2177) is unnecessary. To 60 g. of gently boiling o-chloro- 
nitrobenzene, 60 g. of copper bronze were slowly added, and the 
mixture was heated under a long (2.m.) air-condenser. over a small 
fame ;. reaction was complete after 4 hour. The product was thrice 
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extracted with rectified spirit (50 c.c.) and purified in the usual 
manner. It was reduced with iron, water, and hydrochloric acid 
to 2: 2’-diaminodiphenyl (yield, 50—60%), which was extracted 
from the iron paste by boiling alcohol and precipitated as sulphate. 

2 : 2'-Disalicylideneaminodiphenyl formed long yellow needles, 
m. p. 153—154° (Found: N, 7:3. C,gH,,0,N, requires N, 7-2°%,). 
The same product was formed when half the calculated weight of 
salicylaldehyde was used. 

NN’-Thiocarbonyl-2 : 2’-diaminodiphenyl.—A mixture of diamino. 
diphenyl (2 g.), carbon disulphide (10 c.c.), and ethyl alcohol (50 c.c.) 
was boiled under reflux for 1 day. On cooling over-night, bunches 
of colourless needles separated, m. p. 242—243°. Recrystallisation 
from salicylaldehyde gave colourless flakes, m. p. 243° (Found : N, 
12-5. C,3H,)N,S requires N, 12-4%). 

13 : 14-(00’-Diphenylylene)dibenzoct-12 : 15-diazine.—Solutions of 
7-4 g. of 2 : 2’-diaminodipheny] in 40 c.c. of hot acetic acid and of 
83 g. of phenanthraquinone in 160 c.c. were mixed and kept at 100° 
for 2 hours. After 12 hours, a canary-yellow, crystalline powder 
(11 g.) was filtered off and recrystallised from much boiling acetic 
acid, the octdiazine being obtained in small compact crystals, m. p. 
268—269° (Found : N, 8-0. C,,H,,N, requires N, 7-9%). 

Repetition of the preparation of Tauber’s “ di-m-nitrodi-o-amino- 
biphenyl ” (Ber., 1892, 25, 129) has always given a product which is 
probably a mixture of (chiefly) the 5: 5’-, 4: 4’, and 4: 5’-dinitro. 
derivatives, together with the 3 : 3’- and 3: 5’-compounds. Attempts 
to prepare dinitro-octdiazines from it were unsuccessful, as was also 
the condensation of 2 : 2’-diaminodiphenyl and benzil-3 : 3’-disulph- 
onic acid (Kafka, Ber., 1891, 24, 794). 

5 : 5'-Dibromo-2 : 2'-diacetamidodiphenyl.—A solution of 7 g. of 
2 : 2’-diacetamidodiphenyl (prepared by Brady and McHugh’ 
process, J., 1923, 123, 2047, for diacetylbenzidine) in 50 c.c. of acetic 
acid was mixed with 9 g. of bromine in 30 c.c. of acetic acid and 
heated at 90—100° for 15 minutes. The dibromo-derivative (5 g.) 
obtained crystallised from slightly diluted acetic acid as a heavy. 
colourless, granular powder, m. p. 266—267° (Found: N, 67. 
C,,H,,0.N,Br, requires N, 6-5%). A further 5-8 g. were obtained 
from the bromination mother-liquor (total yield, about 90%). 

5 : 5'-Dibromo-2 : 2'-diaminodiphenyl, prepared by refluxing the 
diacetyl derivative (2 g.) with 40 c.c. of 2N-sodium hydroxide and 
30 c.c. of alcohol for 10 hours, separated on cooling and crystallised 
from rectified spirit in colourless needles, m. p. 140—141° (Found: 
N, 8-2. C,,H,)N,Br, requires N, 8-2%). 

5 : 5'-Dibromo-2 : 2’-disalicylideneaminodiphenyl formed a yellow, 
microcrystalline powder, sparingly soluble in the common solvents: 
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m. p. 263—265° (Found: N, 5-2. C,,H,,0,N,Br, requires N, 
51%). 

3 : 8-Dibromo-13 : 14-(00'-diphenylylene)dibenzoct -12 : 15-diazine. 
—A mixture of 3-4 g. of 5 : 5’-dibromo-2 : 2’-diaminodiphenyl and 
2:1 g. of phenanthraquinone was heated at 100° with 150 c.c. of 
acetic acid for 8 hours. The octdiazine obtained on cooling was 
sparingly soluble in the ordinary solvents but crystallised from 
phenol-acetic acid in small, yellow, granular crystals, m. p. above 
280° (Found: N, 5-6. C,,H,,N,Br, requires N, 5-4%). 

Reduction of 4 : 4'-Dibromo-2 : 2'-dinitrodiphenyl—A mixture of 
10 g. of iron filings (previously boiled with dilute hydrochloric acid), 
30 c.c. of water, and 2 g. of the dibromo-compound (prepared 
according to Ullmann and Bielecki, loc. cit., from 2 : 5-dibromo- 
|-nitrobenzene) was heated at 100° for 6 hours and frequently stirred. 
The iron residues were separated from the diluted mixture and 
extracted with alcohol. A portion of the extract, after being boiled 
with salicylaldehyde, gave a disalicylidene derivative, m. p. 210— 
211° (Found: N, 5-2. C,,H,,0,N,Br, requires N, 5-1%); the 
remainder, when evaporated to the crystallisation point and cooled, 
gave the diamine as a colourless powder, m. p. 192—194°. 

Interaction of 2: 2'-Diaminodiphenyl with 1-Chloro-2 : 4-dinitro- 
benzene.—5 G. of the diamine and 15 g. of chlorodinitrobenzene were 
gently boiled together for 10 minutes, hydrogen chloride being 
evolved. The dark red reaction mixture was extracted with four 
lots (20 c.c.) of boiling alcohol. The extracts, on cooling, deposited 
light yellow plates, m. p. 163°, which crystallised from alcohol— 
salicylaldehyde in long yellow needles, m. p. 177—178°, of 2 : 2’-di- 
(2 : 4"’.dinitrophenylamino)diphenyl (Found : N, 16-7. C,,H,,0,N, 
requires N, 16-3%). The residue from the alcoholic extraction 
crystallised from acetic acid in red plates, m. p. 216—217°, of 
N-2' : 4’-dinitrophenylcarbazole (Found: N, 12-7. C,,H,,0,N, re- 
quires N, 12-6%). 

Benzyl Hydrogen Diphenate-—Benzy] alcohol (10 g.) was heated 
at 160° for 2 hours with 20 g. of diphenic anhydride, the product 
dissolved in toluene, and the solution extracted with aqueous sodium 
carbonate. Acidification of the extract gave a gum, which was dried 
in benzene solution with sodium sulphate and recovered by evapor- 
ation; it solidified when cooled and scratched. The solid was. 
sparingly soluble in the lighter petroleums and very soluble in benzene 
and alcohol but crystallised from 50°% water—acetic acid in cubes, 
m. p. 112—113° (Found: C, 75-7; H, 49. C,,H,,0, requires 
C, 75-9; H, 48%). 

«-Naphthyl Hydrogen Diphenate.—A mixture of «-naphthol (4-3 g.)- 
and diphenic anhydride (6°7 g.) was heated at 160° for 3-5 hours. 
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A xylene extract of the semi-crystalline product, when shaken with 
sodium carbonate, gave a copious precipitate of the sodium salt in 
white pearly plates. This was washed with benzene, dried at room 
temperature, and acidified in aqueous suspension. The naphthyl 
hydrogen diphenate (8 g., m. p. 190—198°) obtained crystallised from 
acetic acid in long prisms, m. p: 202—203° (Found : C,; 78-1; H, 4-4. 
C,H, ,O, requires C, 78-3; H, 4-3%). 

8-Naphthyl hydrogen diphenate, prepared similarly, crystallised 
from acetic acid in small prisms, m. p. 178—179° (Found: C, 78-2; 
H, 43%). 


The author wishes gratefully to acknowledge the receipt of a grant 
from the Research Fund of the Chemical Society in aid of this 
investigation. 
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CIV.—Diethyl Ether. Part I. The Products of its 
Autoxidation. 


By Harotp Kine. 


From the observations of numerous workers it has long been estab- 
lished that diethyl ether may undergo change on storage with 
production of acetaldehyde and peroxides. It is only within the 
last few years, however, that any advance has been made in the 
elucidation of the constitution of the peroxides formed. In 1922 
Clover (J. Amer. Chem. Soc., 44, 1107) published the, results of a 
close study of the autoxidation of ether and drew the conclusion 
that the peroxide in ether is formed by addition of a molecule of 
oxygen to a molecule of ether : 


Et-ORt + 0, = EO-cH< Me 


Under the action of acidified water this product undergoes irre- 
versible hydrolysis with production of acetaldehyde, ethyl alcohol, 


and hydrogen peroxide : 
EtO-CH(0,H)-CH, + H,O = EtOH + H,0, + CH,-CHO 
In 1923, however, a different view was advanced by Wieland and 
Wingler (Annalen, 431, 301), who suggested that the first action of 
oxygen was a dehydrogenation of diethyl ether with production of 
ethyl vinyl ether and hydrogen peroxide. The ethyl vinyl ether 
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then underwent hydrolysis with formation of ethyl alcohol and 
acetaldehyde : 
EtO-CH,°CH, + O, = EtO-CH°CH, + H,0, 
EtO-CH:CH, + H,O = EtOH + CH,-CHO 
The acetaldehyde and hydrogen peroxide thus formed combined 
with production of diacetaldehyde hydrogen peroxide (di-a- 
hydroxyethyl peroxide), 
2CH,°CHO + H,O, == CH,°CH(OH)-O-O-CH(OH)-CH, 
the equilibrium being in favour of the right-hand side. Such a 
combination of aldehydes and hydrogen peroxide had been estab- 
lished in the analogous cases of benzaldehyde, formaldehyde, and 
hydrogen peroxide by Nef (Annalen, 1897, 298, 292) and of chloral 
and hydrogen peroxide by Baeyer and Villiger (Ber.,, 1900, 33, 
2484). Wieland and Wingler supported their view by a comparison 
of synthetic di-«-hydroxyethyl peroxide with the peroxide left on 
evaporation of rich peroxidic ethers. 

The two opposing views bear this resemblance, that the simple 
units concerned in the changes are the same and in the same pro- 
portions. They differ in that, in the one case, the substance 
responsible for the peroxide reactions in deteriorated ethers is 
hydrolysed irreversibly to an equimolecular mixture of acetaldehyde 
and hydrogen peroxide (Clover), whereas, in the other, agents of 
hydrolysis would produce two molecules of acetaldehyde to one 
molecule of hydrogen peroxide (Wieland). Wieland and Wingler’s 
proposition of di-«-hydroxyethyl peroxide as the peroxide in ether 
ignores the fate of the other molecule of uncombined hydrogen 
peroxide produced in their scheme of autoxidation of the ether 
molecule. The experimental results of these two groups of workers 
do not allow a final decision to be made as to which view is correct, 
and it is evident that new experimental modes of attack are 
necessary. 

The methods which have been proposed for the estimation of 
peroxides in ether usually depend on the liberation of iodine from 
potassium iodide, and they require some time for the completion of 
the reaction. A rapid method giving reproducible results has now 
been devised depending on the liberation of hydrogen peroxide in 
acid solution from the peroxides and its titration by permanganate 
in the presence of manganese salts. It was controlled on acet- 
aldehyde—hydrogen peroxide mixtures in ether. - Using this mode of 
titration it is not uncommon to find Winchester-quart bottles of 
old ether which contain peroxides equivalent to from 3 to 6 grams 
of hydrogen peroxide per litre. When such ether is distilled 
through a column, the peroxides remain behind quantitatively, so 
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that accumulation of dangerous amounts of peroxides, leading to 
the explosions so frequently recorded in the literature, is not sur- 
prising, especially where the evaporation of large volumes of 
deteriorated ether is carried out. 

The permanganate titration gives a measure of hydrogen peroxide 
either free or in labile combination. It is directly applicable to 
the ethereal solution, to the residue obtained on removal of the 
ether in a vacuum, or to the parallel products from acetaldehyde 
and hydrogen peroxide mixtures. It fails, however, with s-dihydr- 
oxydimethyl peroxide, a crystalline substance soluble in water and 
temporarily stable to acidified permanganate. The estimation of 
acetaldehyde may be effected by an application of Ripper’s method 
(Monatsh., 1900, 21,1079). Using these two methods, with adequate 
control experiments at every stage, it has been possible to throw 
new light on the constitution of the main peroxide in ether and to 
adduce evidence pointing to the existence of a second peroxide of 
greater stability. 

A known volume of ether containing peroxide is evaporated 
rapidly in a vacuum desiccator over sulphuric acid. The syrupy 
residue is kept in situ for 15 to 30 minutes after all the ether has 
been removed; it is then dissolved in water to a known volume, 
and an aliquot part acidified and titrated with permanganate. 
The remainder is transferred to a flask, treated with acid, and 
distilled into standard sodium hydrogen sulphite solution. The 
residue in the distillation flask is titrated with permanganate, and 
a back titration made of the sulphite in the absorption flasks with 
iodine. Control experiments on pure aqueous acetaldehyde solutions 
of concentrations comparable with those which arise in experiments 
with ether show agreement to within 1 or 2%. Similar experiments 
on ethereal solutions of acetaldehyde and hydrogen peroxide made 
up in the molecular ratio 2 : 1 indicated perfect agreement between 
the two permanganate titration figures, namely, before and after 
distillation, showing that there is no destruction of hydrogen 
peroxide under the particular experimental conditions used. More- 
over, the acetaldehyde : hydrogen peroxide ratio in duplicate 
experiments was 1-83:1 and 1-91: 1 instead of 2:1.. If to this 
synthetic di-«-hydroxyethyl peroxide in ether, excess of acetaldehyde 
was added and the solution kept for some hours over dry sodium 
sulphate, a redetermination of the ratio of acetaldehyde to hydrogen 
peroxide gave 2-2:1 and 2-1:1. When, however, a natural 
peroxide ether (7.e., diethyl ether containing peroxide produced by 
autoxidation) was submitted to the same process, the aldehyde 
estimations proceeded normally but there was always a discrepancy 
between the two permanganate titration figures, the one obtained 
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on the distillation residue being larger by about 10%. This be- 
haviour is also met with when the ethereal solutions are submitted 
to a preliminary purification for removal of acetic acid and formic 
acid, which are always found to a small extent in the products of 
the autoxidation of ether. It is also independent of the sample of 
ether used. The results suggest the presence in peroxidised ether 
of a peroxide more stable than the simple additive type of compound 
in which acetaldehyde and hydrogen peroxide are concerned, one 
in which the hydrogen peroxide is revealed only after boiling with 
dilute sulphuric acid. The presence of s-dihydroxydimethyl 
peroxide would in many ways fit the observations, but no evidence 
could be found for the presence of formaldehyde in the distillate. 

The results of the determination of the acetaldehyde : hydrogen 
peroxide ratio on natural peroxidic ethers, whether treated with 
dilute alkali to remove acids or not, indicate a much lower ratio of 
acetaldehyde to hydrogen peroxide than 2: 1, and this is confirmed 
by allowing such ethers to react with excess of acetaldehyde; the 
ratio then approximates to the 2:1 ratio. The summary of the 
results for a group of ethers is shown in the following table. 


Peroxidic ether. Aldehyde : hydrogen peroxide. 


Synthetic (2 : 1) sl 1-83: 1 
Synthetic + acetaldehyde i 

Natural B (untreated) 1:30:1 
Natural B + acetaldehyde 
Natural X (untreated) 
Natural X + acetaldehyde 
Natural A (treated) 
Natural C (treated) 


:1 
:1 
:1 


:1 


From these results it is evident that the peroxides which develop 
in natural ethers, whether submitted to a preliminary treatment 
with weak alkali to remove acids or not, contain acetaldehyde and 
hydrogen peroxide approximately in the ratio 1 : 1 rather than 2 : 1, 
the mean of the above figures being actually 1-2: 1. Now this ratio 
is that which would be produced by the breakdown of Clover’s 
peroxide or by Wieland and Wingler’s suggested mechanism for the 
autoxidation of the ether molecule. The observation, however, 
that the natural peroxidic ethers can fix more acetaldehyde when it is 
added to their solutions, and fix it, moreover, in the proportion 
2:1, is quite incompatible with Clover’s formulation of the con- 
stitution of the peroxide. It is, however, consistent with Wieland 
and Wingler’s view that the peroxide in ether is essentially a com- 
bination of acetaldehyde and hydrogen peroxide, and it is also con- 
sistent with their view that these constituents are produced during 
the autoxidation of ether. Although it is true that the ethers 
examined above had been kept for several years for the accumu- 
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lation of peroxides, so that changes in the acetaldehyde : hydrogen 
peroxide ratio might have taken place, the available evidence 
points in the other direction. The formation of acetic acid, 
presumably ‘by interaction between acetaldehyde and hydrogen 
peroxide in molecular proportion, proceeds to a small extent in 
comparison with the amount of acetaldehyde and hydrogen peroxide 
present, and would, moreover, leave the acetaldehyde : hydrogen 
peroxide ratio unchanged. ‘The catalytic decomposition of hydrogen 

xide, however, would be a much more serious factor; it might 
incidentally account for the deficiency of hydrogen peroxide in the 
ratio of acetaldehyde to hydrogen peroxide found (12:11), but 
evidence will be forthcoming in subsequent Parts of this investig. 
ation to show that acetaldehyde has a stabilising action on hydrogen 
peroxide in ether. 

Since it’ is now established that in the autoxidation of ether, 
acetaidehyde and hydrogen peroxide accumulate approximately 
in the ratio 1:1, the question arises whether one is dealing with a 
monoacetaldehyde hydrogen peroxide, or with a mixture in equi- 
molecular proportion of hydrogen peroxide and di-x-hydroxyethyl 
peroxide. Without a close study of the equilibrium which exists in 
ethereal solution between acetaldehyde and hydrogen peroxide it 
is not possible to give an exact solution of this problem, but that 
the former view is probably correct follows from experiments on the 
partition coefficients of these peroxides between water and ether. 
In dilute solution, for example, 1%, Clover found that hydrogen 
peroxide was about 16 times as soluble in water as in ether, in 
substantial agreement with the results of Ossipoff and Popoff 
(J. Russ. Phys. Chem. Soc., 1903, 35, 637), and in more concentrated 
solution, 5%, Walton and Lewis (J. Amer. Chem. Soc., 1916, 38, 
633) found a coefficient of 9. For the natural peroxide in ether 
Clover found coefficients of 1-7 and 2-0 in favour of ether, and the 
present author, using synthetic di-«-hydroxyethyl peroxide con- 
taining a slight excess of acetaldehyde, finds a coefficient of 1-5 in 
favour of ether. With these data available, a natural, untreated 
peroxidic ether was rapidly washed three times with one-tenth of 
its volume of water, the aqueous extracts were combined, and the 
ratio of acetaldehyde to hydrogen peroxide was determined on the 
extract. The value found was 1-4 : 1, a value which is incompatible 
with the view that the peroxide is an equimolecular mixture of 
hydrogen peroxide and di-«-hydroxyethyl peroxide, but consistent 
with the formulation of the peroxide as mainly monoacetaldehyde 
hydrogen peroxide, CH,-CH(OH)-O-OH. 

Whilst it appears that Wieland and Wingler’s view of the pro- 
duction of acetaldehyde and hydrogen peroxide in equimolecular 
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proportion during the autoxidation of ether is substantially correct, 
their formulation of these components as uniting with almost 
exclusive formation of di-«-hydroxyethyl peroxide, leaving the fate 
of the remaining molecule of hydrogen peroxide undecided, is, on 
the evidence presented here, untenable. 

Woker (Ber., 1914; 47, 1024) found that a mixture of formaldehyde 
and hydrogen peroxide in aqueous solution had the property of 
giving a: blue colour with benzidine without the use of peroxidase, a 
property not exhibited by the constituents separately. Wieland 
and Wingler showed, however, that the property is lost with time 
or on warming, and suggested that the blue colour was produced 
by the intermediate monoformaldehyde hydrogen peroxide and not 
by the final product, s-dihydroxydimethyl: peroxide. The same 
has now been found to apply to acetaldehyde and hydrogen peroxide 
mixtures, the blue benzidine reaction of mixtures of acetaldehyde 
and hydrogen peroxide in the ratio 2:1. being initially intensely 
positive, but disappearing with time. The peroxide, however, 
from natural ether, in all the examples examined, gave a positive 
reaction. 

To summarise, the main peroxidic constituent of deteriorated 
ether is monoacetaldehyde hydrogen peroxide, but there are indic- 
ations of a second peroxide of more stable type. 


EXPERIMENTAL, 


Titration of Peroxides in Ether—A simple and rapid method for 
determining the peroxide content of deteriorated ethers is the 
following : 5 or 10 c.c. of the ether are added to 50 c.c. of approxim- 
ately N-sulphuric acid in a 200 c.c. bottle, followed by a few crystals 
of manganese sulphate. N/10-Potassium permanganate is then 
run in slowly with rotation of the contents of the bottle to ensure 
extraction of the peroxides by the aqueous layer. The end-point 
is taken when the pink colour produced by two drops of perman- 
ganate has not completely faded in 10 seconds. This gives a 
measure of free hydrogen peroxide or that set free from labile com- 
pounds by the acid solution. The consumption of permanganate 
is independent of the presence of acetaldehyde or formic acid, both 
of which occur in peroxide-rich ethers. 

The validity of the method is shown as follows: Perhydrol 
(3 c.c.) was shaken once with 50 ¢.c. of dry ether, and the ethereal 
solution of hydrogen peroxide dried over sodium sulphate. The 
hydrogen peroxide content was determined on 5 c.c., which required 
32:3 and 32-26 e.c. of N/10-permanganate in duplicate experiments. 
To the residual volume of ether (40 c.c.), acetaldehyde (slightly 
more than 2 mols.) was added (2'c.e.). On titration of 5 e.c. as 
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before, 30-93 c.c. of N’/10-permanganate were required or 32:5 c.c. 
when a correction is applied for the increase of volume on addition 
of the acetaldehyde. When dihydroxydimethyl peroxide is added 
to N-sulphuric acid there is no comparable immediate consumption 
of permanganate. 

As examples of the potential hydrogen peroxide content of 
deteriorated ethers the following values may be given. Four 
Winchester-quart bottles of methylated ether of different origin, 
left untouched on shelves exposed to daylight for a period not less 
than 4 years, gave potential hydrogen peroxide contents of A, 
56 g.; B, 3-8 g.; C, 3-0 g.; and X, 2-8 g. per litre. These ethers 
had not become markedly diminished in volume by evaporation. 
Another much smaller bottle of ether, in which some concentration 
had been effected by evaporation, showed a content of 10 g. of 
hydrogen peroxide per litre. 

Effect of Distillation on the Peroxide Content of Ether.—An ether 
(985 c.c.) which contained an available hydrogen peroxide content 
of 1-24 g. per litre was slowly distilled through an 8-bulb pear 
column. After the removal of 840 c.c. the residue, 145 c.c., con- 
tained available hydrogen peroxide equivalent to 8-36 g. per litre 
(cale., 8-42). There is thus no loss of peroxide content on dis- 
tillation through an efficient column. This is also confirmed by 
sensitive qualitative tests for peroxides in the distillate. If, however, 
ether containing peroxides be distilled without a column, some 
peroxides pass over with the ether. 

Detection of Hydrogen Peroxide in Peroxide-rich Ethers.—Several 
workers have recommended the chromic acid test for the detection 
of free hydrogen peroxide in ether. If no organic peroxides are 
present, one part of hydrogen peroxide in 400,000 parts of ether 
may be detected by the technique described below. In the presence 
of acetaldehyde the test is untrustworthy. The compounds formed 
between acetaldehyde and hydrogen peroxide are so labile to acids 
that it is extremely doubtful whether the hydrogen peroxide detected 
is initially free or not. Certain substances present in peroxidic 
ethers appear to inhibit this reaction. For instance, a natural 
ether rich in peroxides and of known peroxide content gave a very 
faint blue colour, but an ether containing the same amount of 
hydrogen peroxide with one or two mols. of added acetaldehyde and 
dried over sodium sulphate always gave a much more intense 
reaction. 

Detection of Hydrogen Peroxide in Ether.—One part of hydrogen 
peroxide in 400,000 parts of ether may be recognised by adding 
9 c.c. of the ether to 1 c.c. of water to which has been added 1 drop 
of 2N-sulphuric acid and 1 drop 0-5N-potassium dichromate solution 
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and shaking the mixture in a stoppered cylinder for 30 seconds. 
On decanting the ethereal layer into a narrow test-tube (0-9 cm. 
internal diameter) and viewing the contents vertically, a faint 
blue colour is just recognisable and is unmistakable when compared 
with a control tube of pure ether. The same dilution of peroxide 
may be detected in 2 c.c. of ether by Jorissen’s vanadic acid reagent 
(Baskerville and Hamor, J. Ind. Eng. Chem., 1911, 3, 301). For 
this purpose 0-5 c.c.’of the reagent is diluted with 1-5 c.c. of water 
and shaken for 30 seconds in a stoppered tube with 2 c.c. of the 
ether under examination. A brownish-orange colour is just 
detectable in comparison with a control. 

Synthetic Di-a-hydroxyethyl Peroxide in Ether. —Merck’s perhydrol 
(3c.c.) was extracted twice, each time with 50 c.c. of sodium-treated 
ether, and the extracts were combined and dried by addition of 
freshly ignited sodium sulphate. The ethereal solution (91 c.c.) was 
decanted into a measuring cylinder, 1 c.c. removed, and its hydrogen 
peroxide content determined by permanganate (Found: 1 c.c. of 
ether equivalent to 4-64 c.c. of N/10-permanganate). To the solu- 
tion 2 mols. of acetaldehyde (2-3 c.c.) were added, followed by 
anhydrous sodium sulphate. When the ethereal solution was rapidly 
evaporated in a vacuum, di-«-hydroxyethyl peroxide was left as a 
clear syrup. This substance has a faint odour of acetaldehyde, but 
the main odour resembles that of the residue obtained on evaporation 
of deteriorated ethers without the pungent odour due to formic acid. 
Attempts to crystallise the peroxide failed, but small quantities 
could be distilled along a test-tube by careful application of heat. 

Determination of the Ratio Acetaldehyde : Hydrogen Peroxide.— 
Of the above ethereal solution, 10 c.c. were transferred to a 25 c.c. 
standard flask and the ether was removed by evaporation at room 
temperature for 45 minutes in a desiccator containing sulphurie 
acid and evacuated by a good water-pump through a calcium 
chloride guard-tube. The ether had usually evaporated in 30 
minutes and drying was continued for about 15 minutes. The 
clear syrupy residue was dissolved in water and made up to 25 c.c. 
with water, and an aliquot portion (10 c.c.) transferred to a small 
flask fitted with a dropping-funnel and delivery tube containing a 
spray trap. The delivery tube was attached to a water-condenser 
which led into three successive flasks containing 25 c.c., 20 c.c. of 
standard sodium hydrogen sulphite solution and 15 c.c. of saturated 
sodium hydrogen carbonate solution. Through the dropping-funnel 
25 c.c. of 2N-sulphuric acid and 15 c.c. of water were slowly run in 
and when all was added the contents of the flask were gently boiled 
for 20 minutes. The acetaldehyde was fixed by the sodium 
hydrogen sulphite and back titration with standard iodine gave 
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the amount of uncombined sulphite. The sodium hydrogen 
carbonate solution served as a trap for volatile sulphur dioxide, 
which usually amounted to a fraction of a c.c. of W/10-iodine 
solution. After the distillation was complete the residue in the 
distillation flask was cooled, diluted slightly, and titrated with 
standard permanganate. This gave the hydrogen peroxide content 
and in the case of. synthetic acetaldehyde hydrogen peroxides 
should agree with the figure obtained by direct titration of the 
original 15 c.c. left after removal of the aliquot portion for distillation. 

The results of such an experiment are given below. Total back 
titre of sodium hydrogen sulphite and sodium hydrogen carbonate, 
58-37 c.c. of N/10-iodine; original titre of sulphite, 91-99 c.c., 
whence sulphite fixed by acetaldehyde is 33-62 ¢.c. of N /10-iodine. 
Direct titration of 15 c.c. of the original peroxide solution, 27-64 c.c. 
of N/10-permanganate, whence for 10. c.c., 18°43 o.c. of N/10- 
permanganate. Titration of distillation residue, 18-54 c.c. perman- 
ganate, in good agreement with the preceding value. Hence, 
molecules of acetaldehyde: molecules of hydrogen peroxide = 
33-62 : 18-43 or 1-82. Repetition of the process gave values 1-83 
and 1-91, indicating that about 93% of two molecules of acetaldehyde 
remain attached to one molecule of hydrogen peroxide after evapor- 
ation of the ethereal solution in the manner described above. 

The quantitative estimation of acetaldehyde by this method was 
controlled by distillation in the same apparatus of a standard 
solution of comparable concentration; 0-322 g. per 100 ¢.c., and 
recovery of 6:325 g. per 100 c.c. 

Effect of Hacess of Acetaldehyde on the Aldehyde ; Hydrogen 
Peroxide Ratio—To about 25 c.c. of the above ethereal solution a 
further 1 c.c. of acetaldehyde was added and the solution kept 
over sodium sulphate. Ten c.c. were then removed and analysed 
in precisely the same way as described above, evaporation of the 
ethereal solution being prolonged to 1 hour to effect removal of 
uncombined acetaldehyde. The ratios obtained, in. duplicate 
experiments were aldehyde : hydrogen peroxide = 2-2 and 2-1. 

Ratio of Aldehyde to Hydrogen Peroxide in the Peroxides of Untreated 
Ether —Two Winchester quarts of ether of different. origin had 
been left exposed to daylight for several years. ‘The aldehyde: per- 
oxide ratio was determined as described above, but the figures 
require detailed consideration. For instance, 25 c.¢. of an old 
methylated ether B were evaporated in a 50 ¢.c. standard flask for 
90 minutes in a vacuum, removal of the ether taking 75 minutes. 
The volume was made up to 50 c.c. with water, 25 c.c. were trans- 
ferred to the distillation apparatus, and the aldehyde was distilled 
after the addition of 25 c.c. of 2N-sulphuric acid. The sulphite 
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consumed by aldehydes was equivalent to 41-3 c:c. of N/10-iodine. 
On direct titration of 25 c.c. of the original solution, the peroxide 
was equivalent to 28°53 c.c. of N/10-permanganate and titration of 
the distillation residue showed peroxide equivalent to 31-68 c.c. of 
N/10-permanganate. There is thus a discrepancy of about 10% in 
the two permanganate titration figures and it is always found when 
the residues from natural peroxidic ethers are examined. When 
the flask giving the low titre was kept for 30 minutes, it straightway 
consumed a further 0-5 c.c. of N/10-permanganate, indicating the 
generation of hydrogen peroxide from a more stable complex than 
di-«-hydroxyethyl peroxide. The behaviour can be imitated by 
adding s-dihydroxydimethy]l peroxide to N-sulphuric acid and then 
adding permanganate. No reaction takes place, but with lapse of 
time hydrogen peroxide is slowly generated and can be titrated. 
If the mixture is kept for many hours, a much larger consumption of 
permanganate will take place immediately. The figure given by the 
titration of the distillation residue thus gives a more correct. value 
for the peroxide content than the direct titration. Hence molecules 
of acetaldehyde: hydrogen peroxide = 41:3 : 31-68 = 1-3... In 
duplicate experiments, the values found were 1-24 and 1-32; mean 
1:29. This indicates that only 64% of two molecules of aldehyde 
are present to one of hydrogen peroxide. 

Another methylated ether, X, gave the molecular ratio acet- 
aldehyde : hydrogen peroxide, 1-13: 1 and 1-13: 1. 

An attempt to detect formaldehyde in the distillate was.made by 
evaporating the ether from 20 c.c. of ether B and distilling the 
residue from N-sulphuric acid into a few o.c. of water. The dis- 
tillate gave a strong aldehyde reaction with Schiff’s reagent, but 
failed to respond to Denigés’ sensitive reaction (Compt. rend.; 1910, 
150, 529) for formaldehyde in the presence of acetaldehyde. A 
mixture of acetaldehyde and formaldehyde in the proportion 
indicated by the two permanganate titration figures, i.e., approxim- 
ately 90% of acetaldehyde to 10% of formaldehyde, and at a 
comparable dilution to the distillate readily showed formaldehyde 
by Denigés’ test. Furthermore, s-dihydroxydimethyl peroxide 
distilled from N-sulphuric acid gave formaldehyde in the distillate. 

Action of Acetaldehyde on Natural Ether Peroxides.—Several c.c. 
of acetaldehyde were added to 100 c.c. of ethers B and X, and the 
solutions kept over sodium sulphate. The aldehyde : hydrogen 
peroxide ratio was then determined in the usual way. For ether 
B, the ratios found were 2-1 : 1 and 2-3: 1 and for ether X, 2-2: 1. 

Ratio of Acetaldehyde to Hydrogen Peroxide in Treated Peroxidic 
Ethers —Two other Winchester-quart bottles of methylated ether 
rich in peroxides were also available and the ethers were submitted 
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to an initial purification. Each was slowly distilled, through a 
long 8-bulb pear column to prevent loss of peroxides, until the 
residual volume was 250 c.c. This was extracted rapidly with 
saturated sodium hydrogen carbonate solution to remove acids and 
then 40 to 50 successive small portions of water, each 10 c.c. The 
ether was then dried over freshly ignited sodium sulphate, and the 
aldehyde : hydrogen peroxide ratio determined on evaporated 
samples in the same way as described above. For ether A, the 
ratio was 1-16 and 1-13 and for ether C, 1-28. These figures confirm 
those obtained on untreated ethers. 

Effect of Washing on the Acetaldehyde : Hydrogen Peroxide Ratio 
of Natural Peroxidic Ether.—Ether B (100 c.c.) was extracted rapidly 
three times with 10 c.c. of water each time. The aqueous layers 
were combined, made up to 50 c.c., and analysed in the usual way : 
the ratio of acetaldehyde to hydrogen peroxide was 1-43: 1. 

Distribution of Acetaldehyde between Ether and Water.—A 
standard solution of acetaldehyde in water, when analysed by direct 
addition to standard sulphite solution, was found to contain 0-256 g. 
in 50 c.c. Of this, 40 c.c. were added to 40 c.c. of pure diethyl ether 
in a graduated stoppered cylinder and the mixture was shaken and 
allowed to attain equilibrium at 20°. The final volumes were 43-0 
c.c. of aqueous layer and 36-5 c.c. of ethereal layer. Of each, 10 c.c. 
were removed and the aldehyde content was determined by direct 
treatment with sulphite. The total amounts of aldehyde found 
in the two layers were in close agreement with that originally present. 
The ratio acetaldehyde in water to acetaldehyde in ether was 2-45 : 1. 

Distribution of Di-«-hydroxyethyl Peroxide between Ether and 
Water.—Ether (10 c.c.) containing synthetic di-«-hydroxyethy| 
peroxide and a slight excess of acetaldehyde was shaken at 25° 
with 8 c.c. of water. The resultant volumes were each 8 c.c., and 
5 c.c. of each were removed and the peroxide content was estimated 
by permanganate. The ether consumed 8-96 c.c., and the water 
5-82 c.c., of N/10-permanganate, whence the distribution coefficient 
for di-«-hydroxyethyl peroxide is 1-5 in favour of ether. 

s-Dihydroxydimethyl Peroxide, OH-CH,°O-O-CH,-OH.—Formalin 
(6 c.c.) was diluted with water (18 c.c.), and perhydrol (4-5 g.) in 
12 c.c. of water added. The solution was kept for 12 hours and then 
allowed to evaporate rapidly in a vacuum desiccator over sulphuric 
acid. Crystals separated on the sides of the dish and when the 
volume had been reduced to 2 or 3 c.c. the contents were inoculated 
with the crystals and kept at 0° for a few hours. s-Dihydroxydi- 
methyl peroxide separated in triangular prisms, which were separated 
by decantation and dried on porous plate. It is very soluble in 
water and in agreement with the observations of Wieland and 
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Wingler gives no immediate reaction with Schiff’s reagent, acid 
permanganate, or vanadic acid. It reacts with the guaiacum and 
benzidine reagents only on addition of peroxidase. For analysis, 
0-381 g. was dissolved in 10 c.c. of water and treated with 10 c.c. 
of N-potassium hydroxide, followed by 10 c.c. of 10-volume hydrogen 
peroxide solution. After 15 minutes the unconsumed alkali was 
titrated with standard acid. The percentage of formaldehyde 
found was 63-5 (calc., 63-8). This confirms the view that there 
are two molecules of formaldehyde combined with one of hydrogen 
peroxide.. The crystalline solid when kept in a tube develops 
formic acid, but if left on an open watch-glass the crystals soon 
disappear through volatilisation. 

Stability of Hydrogen Peroxide in Boiling N-Sulphuric Acid and 
its Volatility in Steam.—A determination was made to ascertain 
the loss which occurred on distillation of weak solutions of hydrogen 
peroxide in N-sulphuric acid. Of such a standard solution, 50 c.c. 
were distilled for 20 minutes through the usual apparatus fitted 
with an anti-splash device, the volume diminishing by a third to a 
half. On determining the peroxides in the two fractions, distillate 
and residue, 1-9°%% was found in the distillate and 2-1% had been 
destroyed. In a duplicate experiment with 0-5N-sulphuric acid, 
the volatile peroxide was 0-6% and that destroyed 3-6%. 

Acidity of Peroxidised Ethers—-The presence of acetic acid in 
ether that has undergone autoxidation was observed by Richardson 
and Fortey (P., 1896, 165), but the formation of formic acid appears 
to have been overlooked. The latter can readily be detected by its 
very pungent odour and by its reducing properties on mercuric 
chloride, mercuric acetate or silver nitrate solution. Attempts to 
estimate the relative proportion of acetic and formic acids by use 
of methods depending on the formation of mercurous acetate or 
chloride proved untrustworthy. The total acidity in comparison 
with the peroxide content was determined on two ethers which had 
undergone autoxidation for several years. For ether B, 10 c.c. 
required 2-74 c.c. of N/10-sodium hydroxide for neutralisation to 
phenolphthalein and the peroxide content was equivalent to 28-9 
cc. of N/10-permanganate. If the acidity arises entirely from the 
oxidising action of hydrogen peroxide on aldehydes, this corresponds 
0a 15-9% conversion of hydrogen peroxide. For ether X, 10 c.c. 

equired 0-72 c.c. of N/10-sodium hydroxide and the peroxides 
required 19-8 c.c. of N/10-permanganate. This corresponds to a 
‘8% conversion of hydrogen peroxide. Whether the formic acid 
ises by oxidation of methylated ethers present in the original 


ther or by oxidation of the vinyl alcohol form of acetaldehyde is 


not known. 
DD 
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The Guaiacum and Benzidine Tests for Peroxides.—For these 
tests a freshly prepared 10% alcoholic tincture of guaiacum and a 
1% solution of benzidine in 50% alcohol were used. Pure crystalline 
dihydroxydimethy] peroxide in aqueous solution gives no coloration 
on addition of the guaiacum or benzidine reagent, but a blue colour 
is immediately produced on addition of a dilute solution of per. 
oxidase (from horse-radish) to either. Di-«-hydroxyethyl peroxide 
obtained as a syrup by evaporation of an ethereal solution of the 
components containing a slight excess of acetaldehyde gives no 
coloration in aqueous solution with the same reagents, but does so 
on addition of peroxidase. Fresh aqueous solutions of formaldehyde 
or acetaldehyde and hydrogen peroxide in the ratio 2 : 1, however, 
both give a direct reaction with the benzidine reagent without the 
use of peroxidase, but not with guaiacum. In both cases this 
reaction becomes negative when the solutions are kept for 2 or 3 
days. A similar direct benzidine reaction is obtained when a 
natural peroxidic ether is evaporated and the aqueous solution of 
the residual peroxide tested with the benzidine reagent. 

The results are consistent with the view that the direct blueing 
of benzidine is due to an intermediate peroxide containing the 
aldehyde and hydrogen peroxide in molecular proportion. 

Laboratory samples of heptaldehyde and benzaldehyde suspended 
in water gave the direct benzidine reaction without addition of 
hydrogen peroxide, owing to their content of peroxides. It is also 
of interest that butyl, isooctyl and amy] alcohols gave a reaction for 
peroxides with benzidine or guaiacum and peroxidase, but the 
reaction was not shown by methyl, ethyl, isopropyl and benzyl 
alcohols. In many of these reactions the enzyme peroxidase can be 
replaced by a drop of a solution of a ferrous or ferric salt. 


NaTIONAL INSTITUTE FoR MEpicat RESEARCH, 
HampPstTEaD, N.W. 3. [Received, February 2nd, 1929.) 





CV.—Substituted Aromatic Aldehydes in Hantzsch’s 
Pyridine Condensation. PartI. Methoxy-, Chloro-, 
and Hydroxy-benzaldehydes. 


By Leonarp Eric HInKEL and Wii1Am REES MADEL. 


Ir has already been shown (Hinkel and Cremer, J., 1920, 117, 137) 
that in Hantzsch’s pyridine synthesis the introduction of a p-di- 
methylamino-group into benzaldehyde has a marked inhibitory 
effect upon the condensation. As no systematic study has hitherto 
been made involving both the nature and the position of the sub- 
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stituent groups in the aldehydes, condensations have been carried 
out under similar experimental conditions with o-, m-, p-methoxy-, 
chloro-, and -hydroxy-benzaldehydes. Since the three substituting 
groups are electronegative in character, although of varying in- 
tensity, it might be expected that the results obtained with the 
groups in the o-, m-, or p-position would to some extent be com- 
parable and that similar gradations in the yields of condensation 
product would be shown. From the theory of alternate polarities 
(Lapworth and Shoesmith, J., 1922, 121, 1391) negative groups in 
the o- and p-positions should augment the activity of the aldehyde 
oxygen, and a negative group in the m-position diminish it. In 
all cases (Table I), however, the presence of the substituent lowers 
the yield of the product as compared with that from benzaldehyde, 
which gives a 90% yield (compare Hinkel and Cremer, loc. cit.). 


TaBLeE I. 
Percentage yields of dihydropyridine derivative. 


Substituent. . m. p- 
Methoxy 33 65 
Chloro 78 69 
Hydroxy 36 49 


These results, apart from the general depressant effect noted 
above, are not in agreement with the theory of alternate polarities 
(Table II), but appear to be in general agreement with the depressant 
effects of substituents on the affinity of benzaldehyde for hydrogen 
cyanide as recently recorded by Lapworth and Manske (J., 1928, 


TaBLe II. 


Agreement (++) or reverse (—) 
with deduction from polarity 
Substituent. Comparison. standpoint. 
Methoxy m and o 
m + —p 


m ,, 0 

m ss fp 

m , 0 

m +» Pp 
2533). It would appear that the factors influencing the ionisation 
constants of substituted benzoic acids (Fliirscheim, J., 1909, 95, 
726) affect similarly the reactivity of the aldehyde group. Since, 
in the above cases, the yields of dihydropyridine derivatives are 
smaller than the yield from benzaldehyde, the general “ electro- 
polar ’’ factor of each of the three substituents is more pronounced 
than the ‘‘ quantitative’ factor. The quantitative factor is least 
pronounced in the case of chlorine, since the m- and p-chloro-deriv- 
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atives show the least difference in yield. Further, the quantitative 
factor for chlorine is unexpectedly exerted in the opposite sense 
to those for the methoxy- and the hydroxy-group, since with these 
the yield of the m-derivative is less than that of the p-derivative, 
which is the reverse of that found with chlorine. The influence 
of the steric factor is seen in the decreased yields of o-chloro- and 
o-methoxy-derivatives as compared with the corresponding p-de- 
rivatives. The abnormal behaviour of o-hydroxybenzaldehyde 
would be expected from the conclusions of Sidgwick and Callow 
(J., 1924, 125, 527), that co-ordination occurs between the hydroxy. 
and the aldehyde group, the typical properties of each group being 
diminished. 

With the exception of the derivatives of the hydroxy-aldehydes, 
the oxidation of the dihydropyridine compounds proceeded normally 
and in no case was there any apparent tendency for the elimination 
of the phenyl group. The dihydropyridine derivatives from the 
hydroxy-aldehydes, owing to their phenolic character and tendency 
to form nitroso-compounds, do not lend themselves to the normal 
oxidation by means of nitrous fumes. 


EXPERIMENTAL. 


Ethyl 4-p-Methoxyphenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5- 
dicarboxylate—A mixture of 10 g. (1 mol.) of p-methoxybenzalde- 
hyde, 19-2 g. (2 mols.) of ethyl acetoacetate, and 20 c.c. of alcohol 
was saturated with ammonia gas and, after remaining at the ordinary 
temperature for an hour, heated on a water-bath for several hours. 
(This procedure was adopted in all subsequent condensations, in 
which, therefore, only the treatment of the product will be described.) 
The yellow solid obtained on cooling crystallised from alcohol in 
almost colourless tetrahedra (17 g.), m. p. 159° (Found: C, 66-3; 
H, 7-1; N, 4:0. C,,H,;0,N requires C, 66-8; H, 7-0; N, 3-9%). 

Ethyl 4-p-Methoxyphenyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate. 
—tThe dihydro-ester was made into a thin paste with alcohol and 
nitrous fumes were led into the mixture until a clear solution was 
obtained. The greater portion of the alcohol was removed by 
evaporation and the residue was neutralised with sodium carbonate 
solution. and extracted with ether (this procedure was adopted in 
all subsequent oxidations). The solid obtained after removal of 
the ether slowly crystailised from light petroleum (b. p. 40—60°) 
in colourless rhombohedra, m.p. 50° (Found: C, 66-6; H, 6-5. 
Cy 9H,,0;N requires C, 67:2; H, 6-4%). 

Ethyl 4-0-Methoxryphenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5- 
dicarboxylate-—The condensation product from 10 g. of o-methoxy- 
benzaldehyde was concentrated on a water-bath. The solid ob- 
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tained on cooling and stirring, after being washed with benzene, 
crystallised from alcohol in small yellow needles (12 g.), m. p. 151° 
(Found : C, 68-8; H, 7-1; N, 42%). 

Ethyl 4-0-methoxyphenyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate 
crystallised from alcohol in colourless stout needles, m.:p. 65° 
(Found: C, 66-7; H, 6-6%). 

Ethyl 4-m-Methoxyphenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5- 
dicarboxylate—The viscous product obtained from the condensation 
of 10 g. of m-methoxybenzaldehyde became semi-solid on standing. 
It was stirred with a small quantity of benzene, collected, and 
washed with light petroleum (b. p. 40—60°); when these washings 
were added to the benzene filtrate, more of the solid was obtained. 
It crystallised from aqueous alcohol in clusters of very small, colour- 
less needles (9-2 g.), m. p. 120° (Found: C, 66-9; H, 7-3%). 

Ethyl 4-m-methoxyphenyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate 
crystallised from aqueous alcohol in colourless mica-like plates, 
m. p. 82° (Found: C, 67-3; H, 6-7%). 

Ethyl  4-p-Chlorophenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5- 
dicarboxylate—The crude product obtained from 14 g. of p-chloro- 
benzaldehyde deposited crystals on cooling which separated from 
alcohol in almost colourless, flat tetrahedra (25 'g.), m. p. 149° 
(Found: Cl, 9:3. CygH,,.0,NCl requires Cl, 9-75%). 

Ethyl 4-p-chlorophenyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate 
crystallised from light petroleum (b. p. 60—80°) in colourless 
thick prisms, m. p. 68° (Found: Cl, 9-4. Cj, gH,s0,NCl requires 
Cl, 9-8%). 

Ethyl 4-o-Chlorophenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5- 
dicarboxylate—The viscous mass obtained from 14 g. of o-chloro- 
benzaldehyde was stirred with a small quantity of benzene. The 
fine solid which separated was removed, and a further yield obtained 
by the gradual addition of light petroleum (b. p. 40—60°) to the 
filtrate. The solid crystallised from aqueous methyl alcohol in 
cubes (12-6 g.), m. p. 182° (Found: Cl, 9-5%). 

Ethyl — 4-0-chlorophenyl-2 : 6-dimethylpyridine-3 : 5-dicarborylate 
crystallised from light petroleum (b. p. 40—60°) in colourless 
thombohedra, m. p. 62° (Found: Cl, 9-8%). 

Ethyl 4-m-Chlorophenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5- 
dicarboxylate.—The product obtained from the condensation of 
14 g. of m-chlorobenzaldehyde solidified completely on cooling. It 
crystallised from aqueous methyl alcohol in stellate clusters of 
needles (32 g.), m. p. 142° (Found : Cl, 9-4%). 

Ethyl  4-m-chlorophenyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate 
crystallised from methyl alcohol in colourless tetrahedra, m. p. 53° 
(Found : Cl, 9-5°%). 
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Ethyl 4-p-Hydroxyphenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5. 
dicarboxylate—The viscous condensation product obtained from 
10 g. of p-hydroxybenzaldehyde slowly set to a semi-solid mass, 
This was slightly diluted with aqueous alcohol, and the solid re. 
moved; more was obtained from the concentrated filtrate on 
treatment with aqueous alcohol. The solid crystallised from alcohol 
in clusters of fine prisms (13-3 g.), m. p. 227° (Found: C, 65:8; 
H, 6-8. C,,H,,0,N requires C, 66-1; H, 6-7%). 

Ethyl 4-m-Hydroxyphenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5. 
dicarboxylate——The product from 10 g. of m-hydroxybenzaldehyde 
solidified almost completely on being cooled and stirred and was 
then treated with aqueous alcohol as described above. The solid 
obtained crystallised from alcohol in small thick prisms (10-2 g.), 
m. p. 202° (Found: C, 66-0; H, 6-6%). 


University CoLLEGE, SWANSEA. [Received, January 17th, 1929.]} 





CVI.—The Determination of the Parachors of Sub- 
stances in Solution. 


By DatzieL LLEWELLYN Hammick and Lestiz W. ANDREW. 
Ir has hitherto been possible to determine the parachors only of such 


substances as are capable of stable existence above their melting 
points. This limitation would be removed if it could be shown 
that the parachors of substances unstable in the pure liquid state 
can be calculated from the surface tensions and densities of their solu- 
tions in solvents of known parachor. Numerous data as to the surface 
tensions and densities of liquid mixtures exist, but they are by no 
means equally trustworthy as to surface tensions. We have there- 
fore determined the surface tensions of a preliminary series of liquid 
mixtures, using Sugden’s apparatus (J., 1924, 125, 27) standardised 
with pure benzene ; our data are thus on the same basis as Sugden’s, 
being dependent upon the surface tension of benzene as determined 
by Richards and Carver (J. Amer. Chem. Soc., 1921, 43, 827) and 
confirmed by Sugden (J., 1921, 119, 1483) using his own form of 
apparatus with jets of experimentally determined diameter. The 
surface tension of benzene at 25° was taken as 28-23 dynes/cm. 

In choosing the components of our mixtures, we have sought to 
vary not only their chemical nature but also the difference between 
the surface tensions of the pure substances, in order that any effects 
due to surface absorption might be detected. The mixtures exam- 
ined will be seen to include cases of non-associated liquids with 
non-associated, associated with associated, and non-associated with 
associated. 
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Parachors of solutes have been calculated from our results by 
first finding the parachor P,, of a solution containing a molecular 
fraction x of solute in a solvent of known parachor P; P,, is equal 
to My'/(D — d), where y and D are the surface tension and 
density of the solution, and ¥,, is the mean molecular weight of the 
mixture *; d, the density of the vapour, is negligible at 25°. On the 
assumption that parachors obey the straight-line mixture law, P,, 
the parachor of the solute, is found from P and P,, by means of the 
relation P,, = P(1 — x) + P,.2. 


EXPERIMENTAL. 


It is clear that the above method of calculation, particularly 
when it is applied to dilute solutions, requires that all experimental 
data should be as accurate as possible. All the liquids used were 
therefore very carefully purified by distillation or freezing out, par- 
ticular care being taken with the benzene (m. p. 5-40°) used for 
standardising the apparatus employed in the determination of 
surface tensions. This was of the usual Sugden type (loc. cit., 
p. 28), used in conjunction with a water or xylene manometer 
immersed in the thermostat (25°) that also contained the bubbler. 
This arrangement was found to give more concordant bubble- 
pressure readings than an alcohol manometer in an athermostatic 
water-bath as used by Sugden. The irregularities noticed by 
Sugden in the working of water manometers due to fouling of the 
water surface (ibid., p. 28) were prevented by introducing tubes 
containing activated charcoal between the manometer and the 
bubbler. Pressure differences were measured by means of a 
cathetometer reading to 0-01 mm.; successive readings were con- 
sistent to at most 0-2%. The apparatus was restandardised before 
each mixture was investigated. 

The following constants were used in the calculation of the 
parachors of solvent liquids : 

H=17:1, C=48, N= 12:5, O= 20-0, Cl = 543, double 
bond = 23-2, semipolar bond = — 1-6, 6-membered ring = 6-1, 
carboxyl O, = 60-0. 

Densities were determined by means of a 10 c.c. specific gravity 
bottle. 

Our experimental results (at 25°) and calculations are summarised 
in the following tables, which include data (marked 8. and J.) due 
to Sugden and W. W. Jones (private communication) for mixtures 
of chloroform and benzene, nitrobenzene and benzene, and nitro- 
benzene and carbon tetrachloride at 25-5°. 


* M,, = M,(1— x) + M,.2, where M, is the molecular weight of the 
solvent, Mx that of the solute, and x is the molecular fraction of solute. 
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A. Non-associated solutes in non-associated solvents. 


Carbon tetrachloride in benzene.* m-Xylene in benzene. 

@. D. y: a i gs 2. D. y- Faw .. Pe 
0-3419 1-130 27-89 211-1 219-2 0-3969 0-8626 28-00 238-4 286.3 
0-4512 1-208 27-74 213-3 220-8 0-4655 0-8615 27-92 243-2 284-5 
0-7326 1-405 26-98 216-8 220-2 0-6918 0-8579. 28-11. 261-5 285-6 
0°8527 1-487 26-64 218-0 220-0 0-8428 0-8569 27°85 272-6 284-7 
10000 1-585 26-20 — (219-5) 1-0000 0-8557 30-45 — (285-1) 
Mean P, = 220-1, Poco, = 219-5, Mean P, = 285-3, to = 285°], 

Pat. = 222-0. Praic; = 285 


* Parachor of benzene = 207:1. 


cycloHexane in benzene. Chloroform in benzene. 
02963 0-8330 26-41 217-1 240-9 0-2474 1-008 27-78 201-0 1824 
0:3790 0-8230 25-81 219-9 240-8 0-3501 1-067 27-64 198-9 183-3 
0-4508 0-8168 25-84 2223 240-9 0-5343 15177 27-10 193-9 182-5 
0-5240 0-8097 25-65 225-6 240-3 0:7365. 1-303... 27-34 190-4 1843 
0:6207 0-8007 25-36 229-1 242-5 0-9020 1-409 26-53 185-6 183-2 
Mean P, = 241-1, Pony, = 240-1. 1-0000 1-476 26-73 — (1834) 
Mean P, = 183-1, Eaintee = 183-4, 
Prate. = 184:8. 


Ethyl] acetate in carbon tetra- Chloroform in benzene (S. and J.), 

chloride.f 0-2068 0-9866 28-06 1847 
0-1755 1:461 25-59 219-2 215-4 0-3966 1-0958 27-36 181-6 
0-4758 1-252 24-39 217-6 216-0 0-7096 1-2882 26-91 183-5 
0-6884 1-105 23-96 217-4 216-1 10000 1-4794 26-43 (183-0) 
1-0000 0-8938 23-42 — (216-1) Mean P, = 183-3, Pouo, = 183-0, 
Mean P, = 245-7, Ponwoosne = 216-1, Prac. = 1848. 


ale. = 


+ Parachor of carbon tetrachloride = 220-0. 


03196 1-360 25-02 218-4 215-1 0-4892 1-1506 27:32 — _ 1835 


B. Associated solutes in non-associated solvents. 


Ethyl aleohol in benzene. Acetic acid in benzene. 
0-237 0-8578 27-38 187-8 125-5 0-279 0-9005 28-08 186-6 | 133-5 
0-421 0-8422 25-40 172-1 124-1 0-510 0-9329 27-04 168-9 132-0 
0-564 0-8304 25-00 161-4 126-0 0-820 0-9965 27-78 145-6 132-1 
0-758 0-8163 23-84 145-4 125-7 1000 1-051 28-52 — (132-2) 
1:000 0-7898 21:90 — (126-0) Mean P, = 132-5, Pua. = 132-2, 
Mean P, = 125:3, Pron = 126-0, Pate. = 141-2. 

Proc, = 132°2. 


Acetone in benzene. 


D. y- Pa. Ps. 
0-8507 26-82 193-1 159-5 
0-8318 25-52 182-4 160-3 
0-8163 24-52 174-5 160-6 
0-8017 23-67 167-6 161-1 
0-7867 22-72 —_ (161-1) 


Mean Px = 160-5, Pono = 161-1, Pear. = 160-2. 
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PARACHORS OF SUBSTANCES IN SOLUTION. 


C. Non-associated liquid in associated solvent. 


x. 
0-0000 
0-1273 
0-3031 
0-5429 
0-6890 
1-0000 


Ethyl acetate in acetic acid. 


D. 
1-0510 
1-0200 
0-9844 
0-9471 
0-9288 
0-8938 


y: 
28-52 
27-49 
26-56 
25-21 
25-05 
23-42 


Pu. 
132-2 
142-8 
157-9 
178-0 
191-1 


P;. 
216-0 
217-2 
216-5 
217-6 

(216-1) 


Mean Py = 216-8, Peuy-coset = 216-8, Pos: = 216-0. 


D. Associated liquids in associated solvents. 


Acetone in ethyl alcohol. 


Acetic acid 
D. 
0-7898 


zx. 


0-0000 


in ethyl alcohol. 
y- pe ) 
21-90 126-0 


0-2262 
0-4241 
0:5550 


0°8540 
0-9062 
0-9384 


24-06 
25-75 
26-07 


127-7 133-5 
129-3 133-8 
129-3 131-9 


0-7414 
1-0000 


0-9868 
1-051 


27-10 
28-52 


130-4 131-9 


Mean P, = 132-8, Pra. = 132-2, 


Pate. 


2. 
0-0000 
0-2909 
0-4998 
0-6183 
0-7288 
1-0000 


Mean P, 


= 141-2. 


(132-2) 


2. D. 
0-0000 0-7898 
0-1879 0-7902 
0-4508 0-7900 
0-6874 0-7892 
10000 0-7882 


YY: Te: Pe 
21-90 (126-0) 
22-12 132-6 161-2 
22-85 142-4 162-4 
22-63 150-1 161-1 
23-07 (161-4) 


Mean P, = 161-6, Peat. = 160-2. 


Acetone in acetic acid. 


D. 
1-0510 
0-9996 
0-9547 
0-9247 
0-8921 
0-7867 


y- 
28-52 
27-79 
26-74 
26-14 
25-53 
22°72 


Pm: 
(264-4) 
234-0 
212-1 
199-8 
188-5 


Px; 


160-8 
160-3 
160-2 
160-5 
(161"1) 


160:5, Pozo = 1611, Pear. = 160-2. 


In the last example the molecule of acetic acid has been taken as 
(CH,°CO,H),, for which the parachor is 2 x 132-2 = 264-4. 
In all the examples so far quoted it will be noticed that the para- 


chor of the solute, as calculated by application of the mixture law 
from the mean parachor of the solution, is in good agreement with 
the experimentally determined parachor of the pure solute; it is, 
moreover, independent of the dilution. We have, however, found 
cases where the value of the solute parachor falls off linearly with 
dilution. Data for these cases are given below and are plotted in 
Fig. 1. 


Nitrobenzene in benzene (S. and J.). 
@. D. Py. i gt 


benzene. 
P.. 


Nitrobenzene in 


D. y: F,. 


x. 


09-2129 
0:3707 
9-4822 
0-6109 
0-7063 
10000 


0-9517 
1-0070 
1-0435 
1-0860 
1-1130 
1-1988 

Peale. 

DD2 


30-2 

31-99 
33-15 
35-24 
36°51 
42-87 


215-9 
223-8 
229-6 
236-8 
242-6 


= 264-1. 


249-0 
252-0 
253-7 
255+7 
257-4 

(262-5) 


0-0000 0-8722 


28-23 


0:1650 
0-3000 
0-5176 
0-7669 
1-0000 


0-9334 
0-9929 
1-0538 
1-1308 
1-1986 

Preate. 


30-22 
31-64 
34-30 
38-12 
43-25 
= 264-1. 


(207-1) 
256-4 

246-9 

257-2 

259°6 
(263-0) 
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Nitrobenzene in carbon tetra- Nitromethane in benzene. 

chloride (S. and J.). 0-2327 0-9120 29-14 188-8 128-0 
0-0000 1-5839 26-10 0-3737 0-9396 29-35 177-6 128-] 
0-2246 1-4978 28-35 249-é 0-5594 0-9822 30-04 163-3 128-9 
0-4276 1-4188 30-68 . 0-7362 1-0317 31-76 150-8 130-6 
0-6551 1-3302 34-54 : 1-0000 1-1315 35-80 — (131-8) 
0-8181 1-2668 37-91 . Peace. = 130-2. 
1-0000 1-1986 43-25 

Paice. = 264-1. 


Acetophenone in benzene. Ethyl ether in benzene. 
0-1538 0-9030 29-94 219-1 284-7 0-2356 0-8321 24-53 206-3 203-7 
0-2966 0-9279 31-13 230-4 285-6 0-4267 0-7996 21-81 206-5 205-5 
0-4668 0-9548 32-63 244-5 287-4 0-7464 0-7475 18-49 208-4 208-8 
0-7749 0-9975 36-06 271-6 290-4 1-0000 0-7069 16-47 — (211-0) 
10000 1-0243 38-77 — (292-4) Pate. = 210-2. 

Prac. = 294-1. 


Fie. 1. 
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0°40 0°60 0°80 1-00 
Molecular fraction. 


The open circles in the above diagram refer to our values for 
solute parachors in benzene solution; Sugden and Jones’s data for 
nitrobenzene in carbon tetrachloride are shown with crossed circles. 
In all cases the straight line through the solute parachor values 
passes through the parachor value of the pure solute to within less 
than 1%. 

It will be seen from the above tables that the mixtures from which 
we have obtained solute parachor values that are independent of 
dilution are characterised by the fact that the surface tensions of 
the pure components do not differ by more than about 5—6 dynes/ 
em. at most. The smallest deviation from the rigid straight-line 
mixture law is found in the case of nitromethane and benzene, 
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where the difference in surface tension between the two components 
is nearly 7 dynes/cem.; the greatest deviation occurs with nitro- 
benzene and benzene, where the difference in surface tensions is 
about 14-5 dynes/em. It is thus probable that the deviation is 
connected with the Gibbs surface absorption effect, and we are at 
present investigating the point. On the purely practical side, how- 
ever, the position appears to be as follows: Application of the 
mixture law to the mean parachor of a series of solutions will give 
either the parachor of the pure solute or a series of values from 
which a value for the pure solute can be obtained by straight-line 
extrapolation. (With water as solvent anomalous results are 
obtained; these are being investigated.) 


The authors wish to acknowledge the receipt of a grant from 
Messrs. Brunner Mond & Co. that has defrayed part of the cost of 
this investigation. 


THe Dyson PEerRRins LABORATORY, 
OXFORD. [Received, February 27th, 1929.] 





CVII.—Low-temperature Oxidation of Hydrocarbons. 
Part I. The Pressure-Temperature Curves of 


Amylene-Oxygen Mixtures. 
By J. Stantey Lewis. - 


IN a previous paper (J., 1927, 1555) the author described the effect 
of increase of temperature on mixtures of paraffin hydrocarbons and 
oxygen kept at constant volume, and suggested that the primary 
reaction was a dehydrogenation of the hydrocarbon, yielding water 
and an unsaturated hydrocarbon, which, owing to its instability in 
the presence of oxygen, might yield peroxides or their decomposition 
products such as aldehydes. The view that peroxides or moloxides 
are first produced by the direct union of the paraffin with oxygen 
during initial combustion has many supporters, and a brief review 
of this subject is given by Brunner and Rideal (J., 1928, 1162). 
They are of opinion that moloxides are initially produced at surfaces 
until the concentration rises to a certain critical value, whereupon 
chain reactions set in, accompanied by an enormous increase in the 
velocity of reaction. 

It has been shown by the author (loc. cit.) that paraffin hydro- 
carbons possess a characteristic initial temperature of oxidation 
which is lower the higher the molecular weight. In the case of 
n-hexane, this is 232°, and it was found that this temperature varied 
only slightly with wide variations in concentration and rate of 
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heating. By maintaining a constant temperature somewhat below 
232°, Brunner and Rideal were able to identify a preliminary slow 
oxidation period. Their pressure-time curves indicate a period of 
steady fall in pressure at constant temperature, followed by an 
abrupt rise in pressure. The first portion of the curve is interpreted 
as an induction period during which slow autoxidation occurs with 
the formation of moloxides or peroxides, and the final part corre. 
sponds to a period of rapid combustion or decomposition of per- 
oxides. The predominating reactions are given as follows (J., 1928, 
2824) : 
CH, + O,—-> CgH,,0, (active moloxide), 

C,H,, + C.H,,0,—> 2C,H,, + 2H,0, 

C,H,. + O,——> C,H,,0, —~> decomposition. 

The catalytic action of water in the initial oxidation of saturated 
hydrocarbons has been demonstrated previously (Lewis, loc. cit.), 
and the above actions could be equally well explained by assuming in 
the first place that the per- or mol-oxide of hydrogen is produced by 
surface action, thus : 


2H,0 + O,——> 2H,0, (peroxide), 
C,Hy, ae H,O, —> C,H. +> 2H,0, 
C,H, + 0, —-> C,H,,0, —-> decomposition. 


There is also a possibility that the peroxide of the unsaturated 
hydrocarbon, if formed, might accelerate the reaction according to 


the equation C,H,,0, + 2C,H,, —> 3C,H,, + 2H,O. This would 
have the merit of being in accordance with facts, for it is well known 
that the olefins and diolefins accelerate the oxidation of the paraffins. 

The practical evidence that moloxides of saturated hydrocarbons 
exist is very scanty and far from conclusive. This is not the case 
with the olefins and dienes, which form addition products with 
oxygen at room temperature as shown by Engler and Weissberg 
(Ber., 1900, 33, 1094) in their work on autoxidation. Amylene, 
when allowed to stand in air in diffused daylight, gave a syrupy 
liquid containing oxygen of which 45°% was peroxide. Trimethy]- 
ethylene yielded a similar product with 30% of peroxide oxygen, 
and hexylene 7:2°% after exposure to oxygen for 48 hours. These 
peroxides are unstable and under certain conditions have been known 
to detonate, but during slow decomposition they give rise to alde- 
hydes, acids, carbon monoxide and dioxide, water, traces of un- 
saturated hydrocarbons, and hydrogen. This important point is 
referred to again in the discussion (p. 764). 

The author still adheres to his original suggestion that the first well- 
defined stage in the oxidation of a paraffin hydrocarbon is the pro- 
duction of unsaturated hydrocarbon and water. Experimental 
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evidence shows that the ease with which the hydrogen is removed 
varies with the structure of the hydrocarbon, and the various cases 
which present themselves have been mentioned already (Lewis, J., 
1927, 1569). Moreover, it is possible to obtain unsaturated hydro- 
carbons from the paraffins by partial oxidation under special con- 
ditions : by passing a mixture of pentane or hexane and air over 
feebly ignited platinum, Stepsky (Monatsh., 1902, 23, 773) obtained 
amylene and hexylene amongst the oxidation products. 

A comparison of the action. of sulphur and of oxygen in the 
removal of hydrogen from saturated hydrocarbons apparently 
strengthens the case for primary dehydrogenation. In some experi- 
ments made by the author, hexane vapour was drawn through molten 
sulphur at about 350° by a current of nitrogen, and a high yield of 
hydrogen sulphide was obtained. The unattacked hexane recovered 
was found to contain 1—2% by volume of unsaturated hydrocarbons, 
whilst the product in the reaction vessel was a black asphaltic mass, 
which was not investigated. When the hydrocarbon was heated 
with sulphur in an atmosphere of nitrogen in a glass bulb with a 
manometer attached, a rapid action, denoted by pressure increase, 
occurred above 320°, and after the contents of the bulb had been 
cooled, qualitative tests indicated the presence of hydrogen 
sulphide and of organic sulphur compounds which gave precipitates 
with mercuric chloride. Spanier had previously stated that sulphur 
had no action on n-hexane when heated at 210° for 24 hours in a 
sealed tube. It is suggested that the mechanism of the reaction is 
similar to the oxidation of the paraffin whereby hydrogen atoms of 
the hydrocarbon are directly removed by the sulphur, yielding 
more active unsaturated residues. Under the conditions of tem- 
perature and pressure of the author’s experiments, the paraffins can 
dissociate to unsaturated hydrocarbons plus hydrogen atoms, but 
with negligible velocity except at the surface of the containing 
vessel. These hydrogen atoms may then react with oxygen or 
sulphur, and for the former element some such sequence as the 


following may occur : 


C,H, — C,H,, + 2H (surface action), 
2H + 0,——> H,0,, 
H,O, —> H,0 + 0 (assists primary dehydrogenation). 


It being assumed that the initial stage of the oxidation of paraffins 
is the production of unsaturated hydrocarbons, the next step in the 
combustion may be a reaction between these hydrocarbons and 
oxygen. The chemical changes involved appear to be well defined, 
and the trend of evidence is in favour of initial peroxidation with 
subsequent decomposition and further oxidation. The present 
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paper contains an account of some work carried out on mixtures of 
amylene and oxygen heated continuously with moderate rise in 
temperature at constant volume. The changes discerned in similar 
mixtures maintained at constant temperature and volume will be 
described in a later communication. 


ExPERIMENTAL. 


Pressure-temperature Curves—The hydrocarbon used in the 
following experiments was amylene, which was found to give a 


Fie. 1. 
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characteristic curve. It was washed with acidified potassium iodide 
and redistilled after drying over calcium chloride, the fraction of 
b. p. 34—35° being accepted. The apparatus was a slight improve- 
ment of the one used in the experiments on saturated hydrocarbons 
(loc. cit.), in which a reaction bulb (of 225 c.c. capacity) was attached 
to a mercury manometer by means of a capillary tube. During the 
heating of the bulb, the mercury was maintained at a definite mark 
in the capillary tube by raising the manometer, and the height of 
mercury above this mark plus the barometric pressure gave the 
pressure of the bulb contents. Typical pressure—temperature curves 
are given in Fig. 1. In order that reproducible results may be 
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obtained it is essential that the amylene be freshly distilled and that 
moisture be absent. Before each experiment the bulb was washed 
with chromic acid, water, and alcohol, dried in an oven at about 150° 
whilst a current of dry air was blown into it, cooled in a desiccator, 
and filled with dried carbon dioxide-free oxygen. The form of the 
curve is not greatly affected by fairly wide variations in the rate of 
heating, but for very slow rates the slope is somewhat greater than 
for rapid heating. The above curves were obtained when a tem- 
perature of 240° was attained after approximately 2} hours’ heating. 
The dotted lines in Fig. 1 show the slope of an amylene-nitrogen 
curve for comparison. In Table I will be found the composition of 
the mixtures for each of the several curves. The initial part of the 
curve of a weak mixture (a) changes almost in accordance with the 
gas laws, but in the case of (d), with a composition approximating to 
C;Hy) + O2, there is a maximum deviation. Analysis of mixtures 
during this part of the heating afforded positive information of slight 
chemical action occurring, carbon oxides as well as aldehydes being 
present at 190°. 

The second part of these curves is characterised by a fall in 
pressure until a minimum point is reached, indicating that a slow 
chemical action is proceeding with a decrease in the number of 
molecules present. The temperature of minimum pressure varies 
to a small extent with the concentration of amylene and with the 


total pressure; thus, for mixture (a) the minimum point is at 241°, 
but it gradually falls to 237° for mixture(f). It will be obsérved that 
the contraction is greatest in the case of the equimolecular mixture 


(d). 


TaBLeE I. 


Residual gas % Amylene 
at N.T.P. Gas analysis, %. (by wt.) 

Amylene, after r oxidised to 

% by vol. oxidation. CO,. co. O,. CO and CO,. 
(a) 17:8 142 c.c. 31-0 30-8 8- 
(b) 25-8 137 >,, 35-0 35-1 4- 
(c) 35-3 N32 on 33-3 39-5 3- 
9. 
1: 





(d) 46-7 100 ,, 35-2 42-3 

(e) 54-9 86 ,, 36-6 43-1 

(f) 62-2 a7 .t 37-4 456 
Continued heating above the point of minimum pressure is accom- 
panied by a sharp rise in pressure due to rapid oxidation of products 
formed during the fall of pressure, after which the curve pro- 
ceeds almost in accordance with the gas laws. A significant feature 
of this portion of the curves is that they are comparable with those 
of the paraffin series, especially as regards the influence of oxygen 
content, which produces a proportionate increase of pressure after 
the period of decomposition is complete (Brunner and Rideal, Joc. 
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cit., p. 1165). This similarity is more evident when the initial 
oxidation products are compared, for both in the oxidation of 
amylene and in the induction period of »-hexane. these contain 
high percentages of aldehydes, acids, and polymerised products 
prior to the rapid rise in pressure. A further noteworthy point 
concerning the curves for high concentrations of amylene is that 
after the temperature of minimum pressure is passed, the rise 
is comparatively small, and the final portion of the curve. pro- 
ceeds according to the gas laws but at a lower level than the initial 
line, thus denoting the presence of fewer molecules than in the 
original mixture. Therefore, whatever products may. be formed 
during the initial slow oxidation and fall of pressure, they are com- 
paratively stable, and if all the oxygen has been removed during 
their formation they undergo little decomposition at slightly higher 
temperatures. It is unlikely that these compounds are peroxides, 
which on account of their instability would readily decompose with 
a much greater increase of pressure, and yield oxides of carbon. In 
the presence of excess of oxygen these initial products are rapidly 
oxidised at or above a certain critical temperature which is character- 
ised by a minimum point in the curves, and the extent of oxidation is 
dependent on the amount of available oxygen (see Table I). These 
suggestions receive confirmation from chemical analysis. In the 
case of rich amylene mixtures the final products were mostly high- 
boiling liquids which included aldehydes, and the total amount of 
carbon monoxide and dioxide was small, whereas the final products 
with a high oxygen content contained a very much higher percentage 
of these oxides. 

It is very significant that the products of the above mixtures, 
especially when the amylene ratio is large, are identical with those 
obtained by the slow decomposition of amylene peroxide, and it was 
thought at first that the contraction in the curves was due to rapid 
peroxide formation. An experiment was stopped at this juncture, 
and the bulb cooled first in air and then in cold water, the peroxides 
being subsequently estimated by liberation of iodine from acidified 
potassium iodide solution and titration with N/100-sodium thio- 
sulphate. Although iodine was assuredly set free, the amounts 
were equivalent to only about 5—10% of the peroxides demanded 
by the drop in pressure. 

The following interpretation of the above facts is suggested. At 
low temperatures, amylene combines with oxygen to form peroxides 
which may either dissociate or decompose to aldehydes, etc., but at 
these temperatures dissociation preponderates. The rate of form- 
ation of peroxides is accelerated by rise in temperature, but this may 
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lead to an increase in the amount of peroxides being decomposed to 
aldehydes, etc., which polymerise, and so account for the fall in 
pressure. At a critical temperature, denoted by the minimum 
point of depression in the curves, there are sufficient unstable 
products present to set up chain reactions giving rise to rapid 
oxidation. Peroxides may decompose rapidly to aldehydes, etc., 
which, in the presence of excess oxygen and the energy of this 
reaction, may be oxidised to oxides of carbon and water. 

The induction period of Brunner and Rideal (loc. cit.) may possibly 
be accounted for by assuming a slow primary dehydrogenation for 
n-hexane at 210°, followed by peroxidation of the unsaturated 
hydrocarbons produced. These peroxides may decompose in the 
manner suggested for amylene or accelerate the formation of 
unsaturated hydrocarbons (loc. cit.), and so increase the peroxide 
concentration until a limiting value is reached, whereupon the 
decomposition is attended with rapid oxidation in the presence of 
excess oxygen. For this reaction to proceed, a temperature of 
210° is adequate, since it has been found by the author that the 
initial slow oxidation of hexylene commences at about 200°. 

The oxidation of amylene has also been carried out to show the 
following influences. 

Pressure.—A_ 100 c.c. cylindrical bulb (having a larger ratio of 
surface to volume than the 225 c.c: bulb) was used with a contained 
mixture of approximate composition C,H 9 + 0,, but successive 
mixtures were subjected to increasing initial pressure, with the 
following results : 


Pressure (cms.) 
at 200°. Result. 


139-5 Curve similar to those in Fig. 1. 

179-5 A slight drop in the curve at 220° ; at 239°, violent oxidation 
with evolution of gas at great pressure. 

275-8 Explosion at 238°. 

Catalysts.—The typical oxidation curves above are only obtained 
in the absence of water, but the result of the addition of a material 
quantity is seen in curve (6) (Fig. 2). The function of the water is 
probably to destroy any peroxides formed, which would account for 
the pressure curve being much in excess of that of the theoretical 
gas curve (a). 

Inhibitors of oxidation, such as lead tetraethyl, aniline, and 
quinol, were found to possess the usual effect of minimising the 
reaction at the critical point. In curve (c), Fig. 2, the effect of the 
addition of 05% of lead tetraethyl is shown. This negative 
catalyst almost eliminates the contraction part of the curve, and there 
is apparently very little change up to 260°. An analysis of the gases 
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after cooling gave CO,, 4-6; CO, 3-8%—evidence that a slow 
chemical action had been proceeding. 

Brunner and Rideal have demonstrated that increase in active 
surface is an important factor in autoxidation, and that two effects 
were to be noted : (i) catalysts such as powdered glass and pumice 
increase the rate of peroxide formation, (ii) charcoal catalytically 
destroys peroxides. Accordingly, 1 g. of powdered pumice was 
heated at about the same rate as in previous experiments in a 
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50% amylene mixture; the curve obtained (d, Fig. 2) indicates 
progressively higher pressures than the amylene-nitrogen curve, 
and this must be attributed to increase in velocity of oxidation due 
to increased surface, and this in turn may be accounted for by 
accelerated peroxide formation. At 234° there is a slight depression; 
this was followed by a violent detonation at 240°, which broke the 
bulb and caused deposition of carbon. It is noteworthy that the 
temperature of explosion coincides with the minimum point in the 
eurve of a similar mixture with pumice absent, above which tem- 
perature rapid oxidation occurs. 
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A mixture of amylene and oxygen can likewise be made to detonate 
in the presence of carbon. Curve (e), Fig. 2, illustrates the pressure 
changes on heating a 50% mixture with 1 g. of decolorising charcoal. 
The slope of the curve is even more pronounced than in the case of 
pumice, and this is probably due to the more rapid decomposition 
of peroxides formed with greater velocity on the surface of the 
charcoal. At 222° the mixture exploded, and with greater violence 
than in the case of pumice. This may have an important bearing 
on the question of detonation in internal-combustion engines, in 
which deposited carbon promotes pinking. A paper will be published 
in the near future on detonation by the above method. 


Summary. 


It is suggested that the second step in the combustion of a 
paraffin hydrocarbon is the oxidation of the primarily formed 
unsaturated compound to peroxide which decomposes readily, 
giving rise to further products (presumably aldehydes, etc.), which, 
in the presence of oxygen, are further oxidised to carbon monoxide 
and dioxide and water, owing to energy of the decomposing per- 
oxide molecules communicated to the newly formed aldehydes, etc. 
Under certain conditions this action may proceed with explosive 
violence. 


Royat NAvAL COLLEGE, GREENWICH.  [Received, January 16th, 1929.] 





CVITI.—10-Chloro-5 : 10-dihydrophenarsazine and iis 
Derivatives. Part VII. The Synthesis of the 
1-Methyl and 3-Methyl Homologues. 


By CHARLES STANLEY GIBSON and JOHN DoBNEY ANDREW 
JOHNSON. 


In the preceding parts of this series, three methods have been 
described for the preparation of derivatives of 10-chloro-5 : 10- 
dihydrophenarsazine, viz., (a) the condensation of substituted 
diphenylamines with arsenious chloride (or bromide) in the presence 
of a suitable solvent, (b) the preparation of o-bromo-o’-amino- 
diphenylarsinic acid, followed by the elimination of hydrogen 
bromide under the conditions described in Part I (J., 1926, 452), 
yielding phenarsazinic acid, and (c) the preparation of substituted 
diphenylamine-o-arsinic acids on the one hand by the condensation 
of o-bromophenylarsinic acid with substituted anilines, and, on the 
other hand, by the condensation of o-aminophenylarsinic acid with 
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substituted bromobenzenes, followed in each case by ring closure 
under. prescribed conditions. Some of the conditions limiting the 
usefulness of method (a) have already been mentioned (J., 1926, 
2243), and method (6), which has not been investigated so thoroughly, 
is obviously limited by the practical difficulties attending the pre. 
paration of the substituted diphenylarsinic acids. Further, in 
method (a) it is obvious that,.in the condensations of m-substituted 
diphenylamines with arsenious chloride, the product (if homo. 
geneous) may have one or other of two structural formule : 


a aii Ap 
OO ~ a @ + 450mg 


The condensations of arsenious chloride with m-aminodiphenylamine 
(J., 1926, 2244), m-chlorodiphenylamine (ibid., p. 2246), phenyl-6- 
naphthylamine (ibid., p. 2243), p-tolyl-8-naphthylamine (ibid., 
p. 2244), di-6-naphthylamine (ibid., p. 462), and N.N’-diphenyl-m- 
phenylenediamine (J., 1928, 2212) are instances where there is this 
possibility. In all these cases the condensation product appeared 
to be homogeneous, and, as far as this reaction is concerned, there 
is at present no evidence for the production of more than one product 
in any particular case. 

In Parts IV, V, and VI of this series, the third method (c) of 
preparation of derivatives of 10-chloro-5 : 10-dihydrophenarsazine 
was shown to be of general applicability. In this case also, there 
is the possibility that in substituted diphenylamine-o-arsinic acids 
of type (I), ring closure may lead to one or other, or both, of two 
isomerides : 


On wena 
as: Os ae (HOl-SO,-I,) 
OOO 
\NH 


Several derivatives of 10-chloro-5 : 10-dihydrophenarsazine have 
already been prepared from diphenylamine-o-arsinic acids of type 
(I) by this method, and of those previously described may be 
mentioned the 1- or 3-carboxy- (J., 1927, 249) and the 1- or 3-nitro- 
(J., 1928, 2514) derivatives. 

The orientation of the group X in the phenarsazine nucleus finds 
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its parallel in the work of Roberts and Turner (J., 1925, 127, 2005) 
on the formation of 5: 8-dichlorophenoxarsine from 2-m-chloro- 
phenoxyphenyldichloroarsine. In this particular case, the ring 
compound was synthesised by a method which leaves no doubt as 
to its constitution, and it was found to be identical with the product 
derived from 2-m-chlorophenoxyphenyldichloroarsine. 

With a view to determine the direction of ring closure when 
substances of type (I) are reduced, it seemed desirable to investi- 
gate the simple case where X =CH;. 3-Methyldiphenylamine-6’- 
arsinic acid (II) can on ring closure by reduction yield 10-chloro-1- 
methyl-5 : 10-dihydrophenarsazine (III) and/or 10-chloro-3-methyl- 
5: 10-dihydrophenarsazine (IV). . 


Me AsCl 


— ‘tion AsCl 
AsO(OH), “a @ <2 = Sian 
NH Me 
NH” NH 


(II.) (III.) (IV.) 


The isomeric 2-methyl and 4-methyl homologues (J., 1927, 
2508, 2510) of 10-chloro-5 : 10-dihydrophenarsazine have already 
been synthesised by this method, and in these cases there is no 
possibility of producing more than one compound in each reaction. 
In the reaction now under discussion there is no a priori reason why 
either (IIL) or (IV) should be produced to the complete exclusion of 
the other, since, whatever the directing influence of the substituted 
phenylamino-group may be, it is certain to be identical in value for 
the two ortho-positions in the right hand benzene nucleus of (II), 
and the effect of the methyl group will be to produce ortho-para- 
substitution to itself. Presumably the para-directing influence of 
the methyl group should be stronger than the ortho-, and it seems 
reasonable to believe that the favoured direction of ring closure will 
be that leading to the production of 10-chloro-3-methyl-5 : 10-di- 
hydrophenarsazine (IV). Another circumstance which should 
favour the formation of (IV) by suppressing the formation of (III) 
is the steric factor, since, as is pointed out in the experimental 
portion, the difficulty of reducing 3-bromo-o-tolylarsinic acid (XI) 
and the comparative ease with which dearsenication of 3-amino-o- 
tolylarsinic acid (XI) occurs, are separate examples of the protecting 
action of the adjacent methyl group and bromine atom on the one 
hand and the reluctance of the arsinic acid group to remain between 
methyl and amino-groups on the other. 

3- Methyldiphenylamine-6'-arsinic acid (II) was readily prepared 
by condensing o-bromophenylarsinic acid with m-toluidine under 
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the conditions described in the experimental portion, the crude 
product being purified through its sodium salt. Ring closure was 
effected in different ways. On boiling the acid with concentrated 
hydrochloric acid for a few minutes, the hydrochloride of a methy)- 
phenarsazinic acid was produced (compare the hydrochlorides of 
the 2- and 4-methylphenarsazinic acids, J., 1927, 2508, 2510). The 
product appeared homogeneous when crystallised from a mixture 
of ethyl alcohol and concentrated hydrochloric acid, yielding 
colourless needles, m. p. 232—233° (vigorous decomp.). It may, 
however, have consisted of the l-methyl- or the 3-methyl-phenars. 
azinic acid hydrochloride, or of a mixture of these, formed according 
to the scheme : 


AsO(OH O(OH 
O 201 Tn a O= (OH), 


Fe ) 


00H yy 0. OH 
(V.) CX ae analor (YX Oe (VI) 


H,HCl H,HCl 





Reduction of 3-methyldiphenylamine-6’-arsinic acid by the 
alcohol-hydrochloric acid—iodine-sulphur dioxide method gave a 
yellow product, but although a search for the presence of two 
substances was carefully carried out, the melting point of the last 
traces of the crude reduction product separating from the mother- 
liquor was but slightly iower than that of the main bulk of substance. 
After repeated recrystallisation from benzene, care being taken to 
examine all mother-liquors for fractions of differing melting points, 
the product was obtained in long yellow needles of constant melting 
point, 216—216-5° : this is a melting point, there being no decom- 
position as is so often the case with substances of the phenarsazine 
type. On oxidation with hydrogen peroxide or with chloramine-T, 
the corresponding methylphenarsazinic acid was obtained in fine 
colourless needles, decomposing slightly at 316°. Its sedium salt 
is insoluble in cold concentrated sodium hydroxide solution, 
and the hydrochloride is indistinguishable from that obtained by 
boiling 3-methyldiphenylamine-6’-arsinic acid with concentrated 
hydrochloric acid. On reduction of the methylphenarsazinic 
acid in hydrobromic acid—alcohol solution, the corresponding 
methyl-10-bromo-5 : 10-dihydrophenarsazine (m. p. 206—208°) was 
obtained. 
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In order to compare the ring compounds derived from 3-methyl- 
diphenylamine-6'-arsinic acid with substances of known constitu- 
tion, the synthesis of 10-chloro-3-methyl-5 : 10-dihydrophenarsazine 
(IV) and of 10-chloro-1-methyl-5 : 10-dihydrophenarsazine (III) was 
accomplished in the following manner. 


s0(OH),_ O(OH 
ro: , > Ys rane 00 


(VIL.) (VIII.) 9%, /OH 


As 
= CE OOO 
N: 
(v1.) H,HCl 


| 
Oy, /OH 


eee 


(IV.) (X.) 


3-Amino-p-tolylarsinic acid (VII) (Jacobs, Heidelberger, and 
Rolf, J. Amer. Chem. Soc., 1918, 40, 1585) is readily converted into 
3-bromo-p-tolylarsinic acid (VIII) or the corresponding chloro- 
compound by the Sandmeyer reaction. These acids may be con- 
verted into the corresponding dichloroarsines by reduction, and 
from these the corresponding arsenious oxides may be obtained. 
The acids may also be oxidised to the corresponding 2-bromo- 
(chloro)-4-carboxyphenylarsinic acids by means of an alkaline 
solution of potassium permanganate. 3-Bromo-p-tolylarsinic acid 
(VILE) condensed readily with aniline. The 3-methyldiphenylamine- 
6-arsinic acid (IX) produced, purified through its ammonium salt, 
had m. p. 158—159° and was quite different, as would be expected 
from its mode of preparation, from the isomeric 3-methyldiphenyl- 
amine-6’-arsinic acid (II). On reduction by the alcohol—hydro- 
chloric acid—iodine-sulphur dioxide method, this acid gave 10- 
chloro-3-methyl-5 : 10-dihydrophenarsazine (IV) as a homogeneous 
product, which crystallised from benzene in yellow needles, m. p. 
216—216-5°, and did not depress the melting point of the reduction 
product of 3-methyldiphenylamine-6’-arsinic acid. On oxidation 
with hydrogen peroxide or with chloramine-T, 3-methylphenars- 
azinic acid (X) was obtained, the sodium salt being insoluble in 
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concentrated sodium hydroxide solution and the hydrochloride 
having m. p. 231—232° (decomp.). The same hydrochloride was 
produced on boiling the acid (IX) with concentrated hydrochloric 
acid, and did not depress the melting point (or rather the decom. 
position point) of the hydrochloride of the methylphenarsazinic acid 
formed from (II). Obviously, no stress can be laid on a negative 
depression of decomposition points, as this may mean anything: 
on the other hand, if a depression had been produced, it would 
certainly prove the non-identity of the two substances. 3-Methyl- 
phenarsazinic acid on reduction in hydrobromic acid—alcohol 
solution gave 10-bromo-3-methyl-5 : 10-dihydrophenarsazine, which 
again was indistinguishable from the bromo-derivative mentioned 
above. 

The evidence thus far indicated that ring closure of (II) gave 
derivatives of 10-chloro-3-methyl-5 : 10-dihydrophenarsazine and 
not of the l-methyl derivative. These indications were, however, 
found to be untrustworthy, since when the corresponding 1-methy! 
derivatives were prepared they were only by the very slightest 
differences, as shown below, distinguishable from the rationally 
synthesised 3-methyl derivatives. 

In describing the method of synthesis of the 1-methy] derivatives, 
it is necessary to indicate those factors which might have an influence 
on the product formed when 3-methyldiphenylamine-6’-arsinic 
acid is subjected to the action of reagents which effect ring closure. 
The starting point was 3-amino-o-tolylarsinic acid (XI) (Jacobs, 
Heidelberger, and Rolf, loc. cit.). This substance is readily dearsen- 
icated by the action of alkalis and acids, m-toluidine being formed. 
The amino-group is readily replaced by bromine or chlorine, 
yielding 3-bromo(chloro)-o-tolylarsinic acid (XII). The difficulty 
of obtaining the dichloroarsines by reduction of these acids has 
been mentioned above, but they were obtained as low-melting solids 
resembling the isomeric 3-bromo(chloro)-p-tolyldichloroarsines in 
most properties but were less readily attacked by water and 
alkalis. 


Me Me 
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The corresponding arsenious oxides were obtained as white 
amorphous substances by the prolonged action of alkali. These 
oxides, however, were soluble with difficulty even in a large excess 
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of hot sodium hydroxide solution. Since the solubility in alkali of 
phenylarsenious oxides is due to the formation. of alkali salts, it is 
clear that 3-chloro- and 3-bromo-o-tolylarsenious oxides have little 
tendency to salt formation, which is further evidence that the two 
groups in the two ortho-positions to the arsinic acid group protect 
it from ehemical reaction. When 3-bromo-o-tolylarsinic acid was 
condensed with aniline, 3-methyldiphenylamine-2-arsinic acid (XIII) 
was obtained in good yield, in colourless needles, m. p. 170—171° 
(decomp.). 

The three methyldiphenylamine-o-arsinic acids are therefore 
obviously distinct and different from one another. On reduction 
by the alcohol-hydrochloric acid—iodine-sulphur dioxide method, 
3-methyldiphenylamine-2-arsinic acid was slowly reduced, so slowly 
that on one occasion the hydrochloride of the acid (V) separated in 
almost colourless needles from the cooling solution and, thus escaping 
reduction, might easily have been mistaken for the reduction 
product. In order to reduce (XIII) completely it is necessary to 
heat the liquid, saturated with sulphur dioxide, for some time. 
This observation bears on the mode of formation of compounds of 
the phenarsazine type by reduction of diphenylamine-o-arsinic acids. 
The hypothesis has been suggested (J., 1927, 2506) that formation 
of compounds of the phenarsazine type by reduction of diphenyl- 
amine-o-arsinic acids takes place through the intermediate formation 
of the dichloroarsine. It would appear from the results described 
in the present communication and from the results of investigations 
which have been made on dimethyl derivatives of 10-chloro-5 : 10- 
dihydrophenarsazine that the formation of derivatives of 10-chloro- 
5: 10-dihydrophenarsazine by reduction of diphenylamine-o-arsinic 
acids may, however, be preceded by the formation of the hydro- 
chloride of the ring-acid, followed by reduction. The previous 
suggestion would appear then to require some modification, but it 
may be pointed out that in the reduction of nitromethyldiphenyl- 
amine-o-arsinic acids (an account of these substances and of the 
dimethyl and dinitro-derivatives will shortly be submitted for 
publication) the ring closure must be effected through the dichloro- 
arsine, since they do not form isolable hydrochlorides, nor is ring 
closure effected by simple boiling with concentrated hydrochloric 
acid, 

The product formed by the reduction of (XIII) must be considered 
to be 10-chloro-l-methyl-5 :10-dihydrophenarsazine (Ill). It 
crystallised in yellow needles, m. p. 216—216-5° without decomposi- 
tion. It did not depress the melting point of 10-chloro-3-methyl- 
5: 10-dihydrophenarsazine, nor the melting point of the reduction 
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product of (II), several different mixtures being taken. On oxid. 
ation, 1-methylphenarsazinic acid (XIV) was obtained, indis. 
tinguishable from the 3-methyl isomeride; its sodium salt was 
insoluble in cold concentrated sodium hydroxide solution and 
the hydrochloride (V) had m. p. 231—232° (vigorous decomp.) 
The hydrochloride of 1-methylphenarsazinic acid was also formed 
on boiling the acid (XIII) with concentrated hydrochloric acid. 


Me Cl Me Ox, /OH Me O._,OH 


Cr OG) 


(XIII.) H 4 H,HC 
am. ) (XIV.) | (v,) 





The 1- and 3-methyl derivatives appeared thus to be indis- 
tinguishable by the ordinary methods and the problem of deciding 
whether on ring closure compound (II) gives 1- or 3-methyl deriv- 
atives or a mixture of them in any proportions became all the more 
difficult. Preliminary determinations of the solubilities of methy)- 
10-chloro-5 : 10-dihydrophenarsazines showed that in benzene, the 
most suitable solvent, they were apparently equally soluble. Under 
the microscope they appeared to be the same. Determination of 
refractive indices or of densities of solutions could not be of much 
value, since these substances have small solubilities in the suitable 
solvents at the ordinary and at higher temperatures. An attempt 
was made to differentiate between the two substances by Sidgwick’s 
freezing-point method (J., 1915, 107, 672), the solvent being benzene. 
The solubility at the melting point of benzene was, however, very 
small and the maximum observed depression of the freezing point 
of a solution of 10-chloro-1-methyl-5 : 10-dihydrophenarsazine was 
(046° (mean of three determinations). On addition of 10-chloro- 
3-methyl-5 : 10-dihydrophenarsazine there was a further depression 
of only 0-004° (mean of two determinations). Therefore no con- 
clusion as to a difference between these two compounds can be 
drawn from this experiment. 

From the evidence which it has been possible to accumulate, 
it cannot be said that the direction of ring closure in the case of 
(II) has been ascertained In fact, it is not impossible that 10-chloro- 
1-methyl-5 : 10-dihydrophenarsazine and 10-chloro-3-methyl-5 : 10- 
dihydrophenarsazine are one and the same substance. Bearing in 
mind the ease of dearsenication of 2-amino-6-methylphenarsazinic 
acid, it will be seen that the formation of 10-chloro-3-methyl-5 : 10- 
dihydrophenarsazine by reduction of 3-methyldiphenylamine-?- 
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arsinic acid (XIII) is not impossible according to one of the following 
schemes : 


Me PS” OH 


Seam = C00 « 


(XIII.) 


I 
~ Oste“O 


' /OH 


As 
(VI.) 
M 
N 
Sy 
we J y**? 
reduction O(OH) 
tHGI+80,) nol OH 
H 


(IX.) 


One observation which would appear to exclude the mechanism 
indicated on the left is that the hydrochlorides of the ring acids are 
formed with the greatest ease from the open-chain acids, yet the 
complete reduction of (XIII) takes place with difficulty, whereas 
the reduction of (IX) is extremely facile, as indicated in the experi- 
mental portion, and the reduction of (II) takes place with inter- 
mediate ease as far as can be judged from what can only be qualitative 
experiments. It may be that this indicates that the reduction 
product is a mixture of the 1- and 3-methyl isomerides. In this 
connexion, a reaction of this type has been discussed by Aeschlimann 
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and McCleland (J., 1924, 425, 2025), who showed that the acid 
chloride of o-carboxydiphenylchloroarsine when heated with 
aluminium chloride gave benzophenone-o-dichloroarsine, thus : 


AsCl 
A AsC 
goa CO) > CRBC) 


Indications have been obtained of the possibility of determining 
whether the above two compounds are identical with or different 
from each other by chemical methods. The accumulation, however, 
of the necessary materials for the investigation, which requires the 
carrying out of a very long series of preparations, is very difficult. 
In the meantime, by the preparation of other derivatives and 
particularly the examination of other physical properties, including 
absorption spectra, it is hoped to arrive at a solution of the problem. 


ExPERIMENTAL. 


If excess of water be avoided in the preparation of 3-amino-p.- 
tolylarsinic acid (VII) (Jacobs, Heidelberger, and Rolf, loc. cit.), 
part of the amino-acid is obtained on acidifying the filtrate prior to 
treatment of the solution with barium chloride. This may be 
filtered off, and the filtrate treated as described by the above 
authors except that the concentration of the aqueous solution may be 
carried out at the ordinary pressure. When crystallised from alcohol, 
3-amino-p-tolylarsinic acid has m. p. 184—185°. 

3-Chloro-p-tolylarsinic acid, C,H,MeCl-AsO(OH),.—3-Amino-p.- 
tolylarsinic acid (10-0 g.), dissolved in hydrochloric acid (18-7 c.c.) 
and water (16-5 c.c.) by warming, was diazotised below 0° with 
sodium nitrite (3-33 g.) in water (6-6 c.c.). The diazo-solution was 
added to a solution of cuprous chloride (3-8 g.) in hydrochloric acid 
(12-7 ¢.c.) with constant stirring in the course of about 3 minutes 
without any cooling. Water (25 c.c.) was added and the liquid 
stirred for 30 minutes, the precipitated acid then being filtered off, 
washed with cold water until the washings were colourless, and 
recrystallised from hot water after treatment with decolorising 
charcoal. Yield, 7-0 g. (65%). 

3-Chloro-p-tolylarsinic acid forms colourless, flat, truncated 
prisms, m. p. 189—191° (slight softening at 184°) (Found : Cl, 14-4. 
C,H,0,ClAs requires Cl, 14:2%). It is almost insoluble in cold 
water but dissolves fairly readily on boiling; it is readily soluble 
in concentrated hydrochloric acid, methyl and ethyl alcohols, and 
alkali hydroxides and carbonates. 

3-Chloro-p-tolyldichloroarsine, C,H,MeCl-AsCl,.—The preceding 
compound (4:3 g.), dissolved in hot concentrated hydrochloric acid 
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(14 c.e.) containing a trace of iodine, was treated with a rapid 
stream of sulphur dioxide for about 5 minutes. After cooling, the 
precipitated oil was extracted with benzene, and the extract filtered 
from amorphous matter and dried over calcium chloride. The 
benzene was evaporated and the residual oil was distilled under 
reduced pressure. The colourless, highly refracting liquid distilled 
at 166—167°/17 mm. and solidified to a mass of short needles, m. p. 
27—29°. The liquid has a marked tendency to supercool (Found : 
Cl, 39-4. -C,H,Cl,As requires Cl, 39-2%). It is readily soluble in 
ligroin, ethyl aleohol and benzene, but insoluble in water, by which 
it is slowly hydrolysed. 

3-Chloro-p-tolylarsenious Oxide, C,.H,MeCl-AsO.—3-Chloro-p- 
tolyldichloroarsine (1-0 g.) was warmed on the water-bath with 
ammonia solution (d 0-88; 5 c.c.) and water (5 c.c.). The pasty 
mass soon solidified to a white amorphous mass. This was heated 
for about 20 minutes, collected, well washed with water, dissolved in 
warm sodium hydroxide solution, and reprecipitated by means of 
carbon dioxide (distinction from 3-chloro-p-tolylarsinic acid). It 
separated as a white amorphous mass, m. p. 277°. This oxide is 
insoluble in all the usual solvents and in sodium carbonate solution 
(Found : Cl, 16-6.. C,H,OCIAs requires Cl, 16-4%). 

3-Bromo-p-tolylarsinic Acid (VIIL).—-The solution prepared by 
diazotising 3-amino-p-tolylarsinie acid (30-0 g.) in hydrobromic 
acid (d 1-265; 100 c.c.) and water (50 c.c.) with sodium nitrite 
(10-0 g.) in water (20 c.c.) below 0°, was added in the course of 
about 5 minutes to a solution of cuprous bromide [prepared by 
mixing solutions of copper sulphate crystals (28-5 g.) in water 
(94 c.c.) and potassium bromide (14-1 g.) in water (33 c.c.) and 
saturating the mixture with sulphur dioxide] in hydrobromic acid 
(21-49; 51 c.e.) as described for 3-chloro-p-tolylarsinic acid, water 
(60 c.c.) being added afterwards. After 45 minutes’ stirring, the 
orange-coloured precipitate was filtered off and well washed with 
water. It was recrystallised from hot water after previous treatment 
with decolorising charcoal and obtained in colourless, flat, truncated 
prisms, m. p. 208—210° (decomp.). Yield, 72% (Found: Br, 
27-4. C,H,O,BrAs requires Br, 27-1%). 

The acid is ‘readily soluble in acetic acid, hydrochloric acid, and 
ethyl alcohol. It is almost insoluble in cold water, and in benzene, 
but is readily soluble in hot water. A dilute solution of the 
ammonium salt gave no precipitate with solutions of calcium 
chloride and barium nitrate. The mercurous salt is a white preci- 
pitate soluble in hot water, the silver salt is white and soluble in 
ammonia, and the mercuric salt forms a brown precipitate somewhat 
soluble in hot water. 
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3-Bromo-p-tolyldichloroarsine, C,H,MeBr-AsCl,.—A_ hot solution 
of the preceding compound (8-3 g.) in hydrochloric acid (25 c.c.) 
containing a trace of iodine was reduced with sulphur dioxide. The 
oily product was worked up as described for 3-chloro-p-tolyldi- 
chloroarsine. 3-Bromo-p-tolyldichloroarsine was thus obtained in 
60%, yield as a colourless, highly refracting liquid, b. p. 176—177°| 
14 mm., which solidified to a mass of radiating needles, m. p. 47—49° 
(Found: 0-3059 g. gave 0-4632 g. of mixed silver halides. 
C,H,Cl,BrAs requires 0-4596 g.). It is soluble in ligroin and benzene 
and only slowly attacked by water, in which it is insoluble. 

3-Bromo-p-tolylarsenious oxide, C,H,MeBr-AsO, was obtained by 
treating the preceding compound (2-94 g.) with ammonia (10 c.c.) 
and water (10 c.c.) as described for the chloro-compound. It was 
obtained as a white amorphous mass, m. p. 266—268°, insoluble in 
the ordinary organic solvents but soluble in caustic alkalis, from 
which solutions it was precipitated by carbon dioxide (Found: Br, 
30-9. C,H,OBrAs requires Br, 30-7%). 

2-Chloro-4-carboxyphenylarsinic Acid, CO.H-C,H,Cl-AsO(OH),.— 
A warm solution of 3-chloro-p-tolylarsinic acid (5-0 g.) in sodium 
carbonate (decahydrate, 5-7 g., in water, 20 c.c.) was added to 
potassium permanganate (12-6 g.) in water (312 c.c.) and boiled 
during 8 hours. A current of carbon dioxide was continually passed 
through the mixture in order to minimise the replacement of the 
chlorine by hydroxyl by means of the potassium hydroxide formed 
during the oxidation. The resulting solution was filtered whilst 
hot, and the ‘manganese dioxide extracted with boiling water. The 
aqueous solutions were mixed and concentrated to about 250 c.c., 
cooled, and acidified with concentrated hydrochloric acid. 2-Chloro- 
4-carboxyphenylarsinic acid was slowly precipitated as colourless 
needles or long flat plates, unmelted at 310° (Found: Cl, 12-6. 
C,H,O;ClAs requires Cl, 12-65%). The alkali salts are readily 
soluble in water; the barium salt forms rhomb-shaped plates, the 
calcium salt tufts of colourless needles; the silver, mercurous and 
mercuric salts are white precipitates, the first being soluble in 
ammonia. The magnesium salt appears to be soluble in water and 
not precipitated under ordinary conditions. 

2-Bromo-4-carboxyphenylarsinic Acid, CO,H-C,H,Br-AsO(OH),.— 
The oxidation of 3-bromo-p-tolylarsinic acid (9-45 g.) in sodium 
carbonate (decahydrate, 9-15 g., in water, 30 c.c.) with potassium 
permanganate (20-24 g.) in water (500 c.c.) was carried out as for 
the preceding substance. The product (yield, 65%) formed colour- 
less needles, unmelted at 317°, slightly soluble in boiling water, 
almost insoluble in the cold (Found: Br, 24-8. C,H,O,BrAs 
requires Br, 24-6%). 
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3-Methyldiphenylamine-6-arsinic Acid (IX).—A mixture of 
3-bromo-p-tolylarsinic acid (11-8 g.), aniline (3-75 g.), anhydrous 
potassium carbonate (8-8 g.), amyl alcohol (35 c.c.), and a trace of 
copper powder was boiled for 5 hours. Volatile substances were 
removed from the product by steam distillation and the filtered 
aqueous solution after treatment with decolorising charcoal was 
carefully acidified with dilute hydrochloric acid. A discoloured 
pasty mass (7°55 g., 63%) was precipitated. It was filtered off, 
well washed with water, and dried in a desiccator. The acid so 
obtained is sufficiently pure for most of the preparations described 
below, but the crude acid, which cannot be conveniently crystallised, 
was purified as follows. It was thoroughly mixed with a little 
concentrated solution of ammonia in the cold, and the mixture 
cautiously warmed to bring about solution; concentrated ammonia 
solution was then added and, if care had been taken to avoid loss of 
ammonia by excessive heating, the solution on cooling and stirring 
deposited the ammonium salt in clusters of colourless needles. The 
ammonium salt was filtered off and dissolved in water, and the 
solution acidified with dilute hydrochloric acid. The precipitated 
acid was dissolved in boiling 50% acetic acid and water added until 
the solution became slightly turbid; the liquid was heated to 
boiling, treated with decolorising charcoal and filtered; the filtrate 
on cooling deposited 3-methyldiphenylamine-6-arsinic acid in colour- 
less needles, m. p. 158—159° (turning slightly brown) (Found - 
As, 24-5. ©,3H,,0,NAs requires As, 24-4%). The acid is readily 
soluble in acetic acid, methyl and ethyl alcohols and acetone. Its 
solubility in water is very small. The sodium, potassium and 
ammonium salts are readily soluble in water, the silver, lead and 
mercuric salts form white flocculent precipitates insoluble in cold 
and hot water; the silver salt is soluble in ammonia. The mercur- 
ous, calcium, and barium salts are white precipitates insoluble in 
cold but soluble in hot water. The magnesium salt is formed only 
when a solution of the ammonium salt is boiled with magnesia. 
mixture. 

10-Chloro-3-methyl-5 : 10-dihydrophenarsazine (IV).—3-Methyldi- 
phenylamine-6-arsinic acid (crude or pure, 3-45 g.), dissolved in a 
hot mixture of hydrochloric acid (15 c.c.) and alcohol (15 c.c.) con- 
taining a trace of iodine, was reduced by passing sulphur dioxide 
fora few minutes. Reduction and ring closure took place immedi- 
ately, solid matter separating as soon as sulphur dioxide passed 
through the liquid. After cooling, the precipitated solid (2-2 g.) 
was filtered off, washed with a little alcohol, and dried at 100°. 
It was recrystallised from benzene and obtained in slender yellow 
needles, m. p. 216—216-5° (Found: Cl, 12-2. C,,H,,NClAs 
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requires Cl, 12:1%). It is sparingly soluble in benzene at the 
ordinary temperature but more soluble in the hot solvent; it is 
somewhat readily soluble in acetone. 

3-Methylphenarsazinic Acid (X).—(a) 10-Chloro-3-methyl-5 : 10- 
dihydrophenarsazine (2-0 g.), dissolved in cold acetone (70 c.c.), 
was treated with a cold solution of chloramine-T (4-5 g.) in water 
(63 c.c.). The yellow colour of the chloro-compound immediately 
disappeared and in a few minutes colourless crystalline material 
(1-6 g., 81%) began to separate. After 30 minutes, this was 
filtered off, well washed with water, and crystallised from glacial 
acetic acid, in which it was moderately easily soluble on boiling. The 
compound was obtained in clusters of fine colourless needles which 
retained a molecule of acetic acid of crystallisation even after drying 
over potassium hydroxide (Found: C,H,0,, 17-2; As, in “dry” 
material, 25°55. C,,H,,0,N-As,C,H,O, requires C,H,O,, 17-2%. 
C,,H,,0,NAs requires As, 25-95%). The compound decomposes 
slightly at 316°. 

(6) 10-Chloro-3-methyl-5 : 10-dihydrophenarsazine (2-0 g.) was 
boiled in acetic acid suspension (20 c.c.) with hydrogen peroxide 
(20 vols., 4-0 c.c.). The yellow chloro-compound was rapidly 
replaced by a white solid. After a few minutes’ boiling, the liquid 
was cooled, water (80 c.c.) added, and the solid material filtered off 
and well washed with water. It was dissolved in hot dilute sodium 
hydroxide solution and treated with decolorising charcoal, and to the 
hot filtrate 25%, sodium hydroxide solution was added in excess. 
On cooling, the sodium salt crystallised in fine colourless needles. 
This was filtered off and dissolved in warm water, and the acid 
(1-6 g., 79%) precipitated with concentrated hydrochloric acid. The 
acid, after drying at 150°, appeared to be identical with the product 
obtained by the previous method. 

The hydrochloride (V1) of 3-methylphenarsazinic acid was prepared 
in two ways. (a) A solution of 3-methylphenarsazinic acid (1-6 g.) 
in a hot mixture of alcchol (47 c.c.) and hydrochloric acid (14 c.c.) 
was allowed to cool. The hydrochloride was deposited in fine 
colourless needles or elongated plates, m. p. 232—233° (decomp., 
turning emerald-green) (Found: Cl, 11-2. C,3H,.0O,NAs,HCl 
requires Cl, 10:9°%%). What appeared to be the same hydrochloride 
was obtained whether the 3-methylphenarsazinic acid had _ been 
prepared by method (a) or (6) described above. : 

(6) 3-Methyldiphenylamine-6-arsinic acid was boiled with an 
excess of concentrated hydrochloric acid ; it liquefied, emitting the 
characteristic odour which has been mentioned previously (J., 
1927, 2503), and within half a minute crystalline material began to 
separate. After cooling, this was filtered off and recrystallised from 
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a mixture of alcohol and hydrochloric acid. It appeared to be 
identical with the product obtained by method (a). 
10-Bromo-3-methyl-5 : 10-dihydrophenarsazine (formula as IV).— 
3-Methylphenarsazinic acid (0-82 g.) was dissolved in a boiling 
mixture of hydrobromic acid (d 1:49; 12 c.c.) and alcohol (12 c.c.) 
containing a trace of iodine and reduced by passage of sulphur 
dioxide for a few minutes. After cooling, the precipitated bromo- 
compound (0-77 g.) was filtered off, washed with alcohol, and dried 
at 150°. It was recrystallised from benzene and obtained in orange 
rectangular plates or slender needles, m. p. 206—208° (Found : 
Br, 24:1. C,,;H,,NBrAs requires Br, 23-8%). 
3-Nitro-p-tolyldichloroarsine, NQ.°C,H;Me-AsCl,.—3-Nitro-p-tolyl- 
arsinie acid (2-85 g.), dissolved in boiling hydrochloric acid (20 c.c.) 
containing a little hydriodic acid, was saturated with sulphur 
dioxide. The precipitated oil soon solidified and after drying on 
porous porcelain it was crystallised from ligroin (b. p. 60—80°). 
The compound obtained formed pale yellow; flat prisms, m. p. 113° 
(Found: Cl, 25-0. -C,H,O,NCI,As requires Cl, 25-2%). 
3-Nitro-o-toluidine (Gabriel and Thieme, Ber., 1919, 52, 1079) 
was converted into 3-nitro-o-tolylarsinic acid by the method of 
Jacobs, Heidelberger, and Rolf (loc. cit.). After coupling of the 
diazo-solution as described with alkaline sodium arsenite solution, 
precipitation of feebly acidic substances with acetic acid, and treat- 
ment with charcoal, the cooled filtrate on acidification with hydro- 
chloric acid should yield the nitro-arsinic acid, m. p. 223—230° 
(decomp.). It was found that if an excess of acetic acid was added 
to the ‘‘ coupled ” solution in the first place, the cooled filtrate 
deposited colourless needles before the addition of hydrochloric acid. 
The precipitated substance could be recrystallised from water, was 
soluble in sodium carbonate, sodium hydroxide or ammonia solution, 
and was reprecipitated on addition of acetic acid. The air-dried 
material melted at 97°, resolidified at 125—130°, and then remained 
unmelted at 300°. When the substance in sodium hydroxide 
solution was acidified with hydrochloric, hydrobromic or sulphuric 
acid, the nitro-arsinic acid, m. p. 228—230°, was obtained. This, 
dissolved in sodium hydroxide solution, gave the substance, m. p. 
97° (ete.), on acidification with acetic acid. This substance proved 
to be the sodium hydrogen salt of 3-nitro-o-tolylarsinic acid and it is 
formed whenever a solution of the acid in sodium hydroxide is 
acidified with acetic acid, whereas mineral acids precipitate the 
nitro-acid ‘itself [Found in air-dried material: As, 19-3; N, 3-8; 
Na, 5-9; H,O (over phosphoric oxide), 26-9 (by heating, slight 
decomposition), 29-5. C,H,O0;NAsNa,6H,O requires As, 19-2; N, 
36; Na, 5-9; H,O, 27-6%]. 3-Nitro-o-tolylarsinic acid is colourless. 
EE 
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3-Nitro-o-tolyldichloroarsine, NO,*C,H,Me-AsCl,.—A boiling solu- 
tion of 3-nitro-o-tolylarsinic acid (12 g.) in hydrochloric acid (60 c.c.) 
containing a trace of iodine was reduced by passage of sulphur 
dioxide for a few minutes. An oil was precipitated which solidified 
on cooling; it was filtered off, washed with concentrated hydro. 
chloric acid, pressed on porous porcelain, and crystallised from 
ligroin (b. p. 60—80°, decolorising charcoal being used). The 
compound (7-0 g.) separated in pale yellow needles, m. p. 93° (Found : 
Cl, 24-9. C,H,O,NCI,As requires Cl, 25-2%). It is readily soluble 
in acetone and benzene and somewhat less soluble in ligroin. Like 
other dichloroarsines, it is hydrolysed by water. 

3-Nitro-o-tolyldibromoarsine, NO,°C,H,Me-AsBr,.—On boiling 
3-nitro-o-tolylarsinic acid (12-2 g.) with hydrobromic acid (d 1-49; 
100 c.c.) containing a trace of iodine, bromine was evolved and an 
oil separated, the hydrobromic acid apparently acting as a reducing 
agent. Reduction was completed by saturating the solution with 
sulphur dioxide, and the product worked up as in the previous 
preparation. Recrystallised from benzene—ligroin (b. p. 60—80°), 
the dibromoarsine (16 g., 92°) was obtained in pale yellow, flat 
plates, m. p. 116-5—117-5° (Found: Br, 42:8. C,H,O,NBr,As 
requires Br, 43-1%). 

3-Amino-o-tolylarsinic acid (XI) was prepared according to the 
method of Jacobs, Heidelberger, and Rolf (loc. cit.). Contrary to 
the case of 3-amino-p-tolylarsinic acid (p. 776), the evaporation of 
the aqueous, solution of the sodium salt must be carried out under 
reduced pressure, otherwise considerable dearsenication occurs and 
the yield is very small. Even when the evaporation was carried out 
under reduced pressure the aqueous distillate contained m-toluidine 
(formed by dearsenication), which was identified by conversion into 
2 : 4: 6-tribromo-m-toluidine (m. p. 97°). After the solution had 
been concentrated it was cautiously acidified and the amino-acid, 
mixed with a little salt, was filtered off, roughly dried, and boiled 
with alcohol to separate the amino-acid from the salt. The alcoholic 
filtrate on concentration deposited the pure amino-acid. The 
alcoholic mother-liquor on further evaporation left a dark-coloured 
oil, which solidified on the addition of water. This product was 
recrystallised from hot water (decolorising charcoal) and was then 
obtained in pale pink needles, m. p. 117°, unchanged on further 
recrystallisation. On treatment with dilute sodium hydroxide 
solution, this substance gave an oil which was identified as m- 
toluidine (benzoyl derivative, m. p. 125°). The properties of the 
substance indicated that it was a salt of m-toluidine and it was 
therefore compared with the arsenate of m-toluidine. This was 
prepared by adding m-toluidine (10 g.) to a hot solution of arsenit 
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acid (14 g.) in water (56 c.c.), treating it with decolorising charcoal, 
and filtering and cooling it. m-Toluidine arsenate crystallised in 
colourless leaflets, softening at 93° and melting at 141—144° (Found : 
N, 5:8; As, 30-4. C,H,N,H,As0, requires N, 5-6; As, 30-2%). 
The substance obtained as a by-product in the above preparation 
was not identical with m-toluidine arsenate, and its nature is for the 
present unknown. 

3-Chloro-o-tolylarsinic Acid, C,H,MeCl-AsO(OH),.—3-Amino-o- 
tolylarsinic acid (12-0 g.) was dissolved in a mixture of hydrochloric 
acid (22-4 c.c.) and water (20 c.c.) and diazotised below 5° with a 
solution of sodium nitrite (4-0 g.) in water (8-0 c.c.). Towards the 
end of the diazotisation the diazo-compound separated in pale 
yellow needles; separation of the diazo-compound also took place 
during the preparation of the corresponding bromo-compound 
(below). ‘The suspension was added at the ordinary temperature 
with constant stirring to a solution of cuprous chloride (4-55 g.) in 
hydrochloric acid (15-3 c.c.), ether being used to control excessive 
frothing. The mixture was heated on the water-bath to complete 
the reaction, water added, and the chloro-acid (9-85 g., 76%) filtered 
off, well washed with water, and crystallised from alcohol. It was 
obtained in colourless prisms or prismatic needles, m. p. 236—239° 
(decomp.) after slight softening at 232° (Found: Cl, 13-9. 
C,H,O,ClAs requires Cl, 142%). It is readily soluble in ethyl 
alcohol and in acetic acid, but almost insoluble in water. The 
silver and mercurous salts are characteristic : the former is preci- 
pitated in clusters of colourless needles and the latter in fine colour- 
less needles. 

3-Chloro-o-tolyldichloroarsine, CsH,MeCl-AsCl,.—The preceding 
compound (7-5 g.) was dissolved in boiling hydrochloric acid (20 c.c.) 
containing a little hydriodic acid, and the solution saturated with 
sulphur dioxide. Reduction was very slow, it being necessary to 
boil the solution several times during the reduction to prevent the 
precipitation of the acid. This retardation of reduction clearly 
indicates steric hindrance and was even more marked in the case of 
the reduction of 3-bromo-o-tolylarsinic acid (see below). The crude 
product was a thick oil, which was worked up as described for the 
isomeric 3-chloro-p-tolyldichloroarsine. It distilled at 156°/11 mm. 
as a colourless oil, rapidly assuming a pink colour. It has m. p. 
375° and forms colourless stout prisms (yield, 78%) (Found: Cl, 
39-4. C,H,Cl,As requires Cl, 39-2%). It has a phenolic odour and 
is readily soluble in the ordinary organic solvents. It is slowly 
hydrolysed by water, forming the oxide. 

3-Chloro-o-tolylarsenious Oxide, C,H,MeCl-AsO.—The preceding 
substance (1-75 g.) was heated with water (10 c.c.) and ammonia 
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(10 ¢.c.) on the water-bath. The conversion of the dichloroarsine 
into the arsenious oxide was hindered by the latter forming an 
insoluble protecting coating over the former; benzene was therefore 
added and the mixture well shaken at intervals during the heating 
(1 hour) on the water-bath. The colourless 3-chloro-o-tolylarsenious 
oxide, being insoluble in water and all the usual organic solvents, 
was filtered off and thoroughly washed. It is insoluble in alkali 
carbonate and hydroxide solutions. At 234—237° it forms a milky 
liquid, clearing at 254° (Found: Cl, 16:15. C,;H,OCIAs requires 
Cl, 16-4%). 

3-Bromo-o-tolylarsinic Acid (XII).—This substance was obtained 
in 75% yield in a manner similar to that used for the isomeric 
compound (p. 777), except that the evolution of nitrogen after 
mixture of the diazo-solution with the copper solution was completed 
by heating on the water-bath for 30 minutes instead of by stirring 
the liquid for 45 minutes. The product crystallised from aqueous 
alcohol in colourless thin needles. At 200°, it shrank somewhat; 
at 245°, it appeared to be converted into a white powder which 
remained unmelted at 306°. When the melting-point tube was 
introduced into the preheated apparatus at 260°, the substance 
melted to a clear liquid, effervesced, and then solidified to a white 
powder which remained unmelted at 306°. It is suggested that these 
phenomena indicate the formation of an anhydride which remains 
unmelted at 306° (Found: Br, 27-2. C,H,O,BrAs requires Br, 
27-1%). The acid resembles the corresponding chloro-acid in 
general properties. The alkali and mercuric salts appear to be 
readily soluble in water; the silver, lead, and mercurous salts are 
white curdy precipitates; the magnesium salt is formed as a white 
amorphous precipitate only on boiling a strong solution of the 
ammonium salt with magnesia mixture; the calcium salt forms 
colourless needles, and the barium salt colourless plates, only when 
a strong solution of the ammonium salt is boiled with solutions of 
the appropriate metallic salts. 

3-Bromo-o-tolyldichloroarsine, CgH,MeBr-AsCi,.—A_ boiling solu- 
tion of 3-bromo-o-tolylarsinic acid (10-0 g.) in a mixture of hydro- 
chloric acid (16-0 c.c.) and alcohol (10 c.c.) containing a litle 
hydriodic acid was reduced, and the product worked up as described 
for 3-chloro-o-tolyldichloroarsine. It distilled as an almost colourless 
oil, b. p. 170—171°/13 mm., which solidified in a freezing mixture 
to a mass of stout prisms, m. p. 25—27° (Found : 0-6464 g. gave 
0-9693 g. of mixed silver halides. C,H,Cl,BrAs requires 0-9712 g)) 
(yield, 6-8 g.). The compound had a faint, not unpleasant odour; 
it was soluble in all the usual organic solvents and was slowly 
hydrolysed by water. 





i ee i i 


a et 6.5 


PHENARSAZINE AND ITS DERIVATIVES. PART VII. 785 


3-Bromo-o-tolylarsenious Oxide, C,H,MeBr-AsO.—The preceding 
substance (1-25 g.) was heated with water (5 c.c.) and ammonia 
(5 c.c.) on the water-bath, the conversion into the colourless oxide 
being very slow. The product was insoluble in the usual organic 
solvents and in alkali carbonates, but it dissolved slightly in a large 
volume of sodium hydroxide solution, from which it was repre- 
cipitated in an amorphous condition by passage of carbon dioxide. 
It had an indefinite melting point, 214—219° (Found: Br, 30-7. 
C,H,OBrAs requires Br, 30-7%). 

3-Methyldiphenylamine-2-arsinic Acid (XIII)—A mixture of 
3-bromo-o-tolylarsinic acid (11-8 g.), aniline (3-75 g.), anhydrous 
potassium carbonate (8-8 g.), amyl alcohol (35 c.c.), and a trace 
of copper powder was boiled for 5 hours. Volatile substances were 
removed by steam distillation and the aqueous solution was treated 
with decolorising charcoal, cooled, and carefully acidified with 
dilute hydrochloric acid. The precipitated acid (8:2 g., 67%) was 
almost colourless. It was recrystallised from dilute acetic acid 
(50%) and obtained in colourless needles, m. p. 170—171° (decomp.) 
(Found: As, 24-3. C,3;H,,0,NAs requires As, 244%). The 
acid is soluble in alcohol and acetic acid. and almost insoluble in 
water. The sodium salt is precipitated on cooling its solution in 
20% sodium hydroxide solution; the silver, lead, mercurous, and 
mercuric salts are white amorphous precipitates; the ammonium, 
calcium and magnesium salts appear to be readily soluble in water ; 
the barium salt crystallises from hot water in colourless plates. 

10-Chloro-1-methyl-5 : 10-dihydrophenarsazine (II1).—The preced- 
ing acid (5-5 g.), dissolved in a boiling mixture of alcohol (40 c.c.) 
and hydrochloric acid (40 c.c.) containing a trace of iodine, was 
reduced by passing a current of sulphur dioxide for some time. 
Reduction does not take place so readily as with the two isomeric 
acids (II) and (LX), it being necessary to boil the solution repeatedly 
during the reduction and to heat it on the water-bath for 30 minutes 
afterwards to complete the reaction. (The hydrochloride of the 
ring-acid tends to separate if the solution cools during the reduction 
and this is not very readily attacked.) The crystalline product 
was dried in a desiccator over potassium hydroxide and recrystallised 
from glacial acetic acid (the crystals retaining some green colouring 
matter) and then twice from benzene. It was obtained in slender, 
prismatic, yellow needles, m. p, 216—216-5° (Found: Cl, 11-8. 
C,3;H,,NClAs requires Cl, 12-1%). It dissolves fairly readily in 
acetone. 

1-Methylphenarsazinic Acid (XIV).—The oxidation of the pre- 
ceding compound was carried out as described for the 3-methyl 
isomeride (p. 780). The product crystallised from acetic acid 
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in colourless needles, m. p. 316° (decomp.) (Found: As, 25:7. 
C,,;H,,0,NAs requires As, 25-95%). The most characteristic salt 
is the sodium salt, which crystallises from a 20° sodium hydroxide 
solution in fine colourless needles. 

1-Methylphenarsazinic acid hydrochloride (V) was prepared in 
two ways : 

(a) 3-Methyldiphenylamine-2-arsinic acid (1-1 g.) was boiled for 
a few minutes with concentrated hydrochloric acid (8 c.c.) and when 
the oil first formed had been replaced by a crystalline precipitate 
(about 1 minute), alcohol (8 c.c.) was added, the solution then 
being quite clear while boiling. On cooling, the hydrochloride 
separated in fine needles, m. p. 231—232° (decomp., turning 
emerald-green) (Found: Cl, 10-8. C,,;H,,0,NAs,HCl requires 
Cl, 10-9%). 

(6) A solution of 1-methylphenarsazinic acid (1-0 g.) in a boiling 
mixture of alcohol (25 c.c.) and hydrochloric acid (8 c.c.) was allowed 
to cool. The product appeared to be identical with that prepared 
by method (a). 

3-Methyldiphenylamine-6'-arsinic Acid (II)—A mixture of 
o-bromophenylarsinic acid (21-0 g.), m-toluidine (8-0 g.), amyl 
alcohol (65 c.c.), anhydrous potassium carbonate (16-3 g.), and a 
trace of copper powder was boiled for 5 hours, and the product 
worked up in the manner already described for the isomeric com- 
pounds. It was purified through the sodium salt. The crude acid 
(14 g., 61%} was dissolved in hot 10% sodium hydroxide solution 
and to the boiling filtered solution, 25° sodium hydroxide solution 
was added until the crystalline sodium salt began to separate. 
After cooling, this was filtered off and worked up in the manner 
described for the ammonium salt of 3-methyldiphenylamine-6- 
arsinie acid The acid was obtained from its solution in dilute 
acetic acid in clusters of prismatic needles or elongated hexagonal 
prisms, m. p. 141—142° after slight softening (Found: As, 24-6. 
C,3H,,0,NAs requires As, 24.4%). It is readily soluble in acetic 
acid and in ethyl alcohol, but insoluble in water. 

Reduction of 3-Methyldiphenylamine-6'-arsinic Acid.—The pre- 
ceding compound (crude or pure, 14:0 g.), dissolved in a hot mixture 
of hydrochloric acid (80 c.c.) and alcohol (80 c.c.) containing a trace 
of iodine, was reduced and the product worked up as described for 
10-chloro-3-methyl-5 : 10-dihydrophenarsazine. The main portion 
of the crude product had m. p.»210—213° and the last portion 
separating from the mother-liquor had m. p. 209—210°. After one 
recrystallisation from benzene, the product (A) had m. p. 216—217° 
and this was unchanged by further recrystallisation (Found: Cl, 
12-3. C,3H,,NCIAs requires Cl, 12-1%). 
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Oxidation of the 1- and/or 3-Methyl-10-chloro-5 : 10-dihydrophenars- 
azine.—The preceding substance was oxidised by both methods 
described for the preparation of 3-methylphenarsazinic acid, the 
product being indistinguishable from the rationally synthesised 
l-methyl- and 3-methyl-phenarsazinic acids. The sodium salt, 
colourless needles, was also insoluble in a cold concentrated solution 
of sodium hydroxide. 

Effects of Acids on 3-Methyldiphenylamine-6'-arsinic Acid.—On 
boiling 3-methyldiphenylamine-6’-arsinic acid with concentrated 
hydrochloric acid the same phenomena as were observed in the case of 
3-methyldiphenylamine-6-arsinic acid and 3-methyldiphenylamine- 
2-arsinic acid were noticed. The hydrochloride isolated crystallised 
from aleohol—hydrochloric acid in fine colourless needles having 
m. p. 232—233° (vigorous decomp., turning emerald-green), indis- 
tinguishable from the hydrochloride of either 1-methyl- or 3-methyl- 
phenarsazinic acid. On boiling 3-methyldiphenylamine-6’-arsinic 
acid with 50% sulphuric acid for a few minutes and cooling and 
diluting the solution, what appeared to be 3-methylphenarsazinic 
acid was precipitated. 

1- and/or 3-Methyl-10-bromo-5 : 10-dihydrophenarsazine.—The 
reduction of 1- and/or 3-methylphenarsazinic acid to give 1- and/or 
3-methyl-10-bromo-5 : 10-dihydrophenarsazine was carried out as 
described for the 3-methyl compound. The products appeared to 
be identical when compared under the microscope and no depression 
of melting point of the mixed substances was observed. 

Comparison of the Reduction Product (A) of 3-Methyldiphenylamine- 
6'-arsinic Acid with the Rationally Synthesised 10-Chloro-1-methyl- and 
-3-methyl-5 : 10-dihydrophenarsazines.—Mixed melting-point deter- 
minations on mixtures of 10-chloro-l- and -3-methyl-5 : 10-di- 
hydrophenarsazines, which both melt at 216—217°, failed to show 
any depression. As a natural consequence of this remarkable fact, 
it was observed that mixtures of product (A) and these two substances 
separately also showed no depression of the melting point. From 
this it followed that product (A) could be the pure 1-methyl com- 
pound, the pure 3-methyl compound, or any possible mixture of 
10-chloro-1-methyl- and -3-methyl-5 : 10-dihydrophenarsazines. 

The solubilities of 10-chloro-l-methyl- and -3-methyl-5 : 10- 
dihydrophenarsazines in benzene were found to be approximately 
the same, viz., about 0-3% at the ordinary temperature and about 
3% at the boiling point. 

Guy’s Hosprrat Mepicat Scuoot (University or Lonpon), 

Lonpon, 8.E. 1. (Received, February 25th, 1929.] 
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CIX.—The Apparent Influence of an Electric Field 
on the Boiling Point of Benzene. 


By Jonn Wi11am Smrra. 


It has been shown by Baker (J., 1928, 1051) that if benzene is 
introduced into tubes containing two parallel platinum plates, 
which are connected to a 400-volt battery for some hours, the 
boiling point of the benzene is raised from 80° to 91°; and similar 
changes are observed in surface tension. These changes were 
attributed to changes in the internal complexity of the benzene 
owing to the moisture being unable to form into droplets, which 
were supposed, on Sir J. J. Thomson’s theory (Phil. Mag., 1893, 36, 
320), to cause the so-called normal behaviour of the liquid. Sub- 
sequently, Smits (J., 1928, 2399) found that, although the apparent 
boiling point was raised considerably when the tube was heated in 
an oil bath, the liquid still boiled at the normal temperature when 
the tube was heated directly with a small flame, and that the vapour 
pressure was unchanged; hence he concluded that Baker’s high 
boiling points were due to superheating, which is induced by the 
removal of electrically charged dust particles by the electric field, 
and is facilitated when heating is carried out in a bath. The 


removal of dust particles was also supposed to account for the 
abnormalities in surface tension. 

Although the experiments now described confirm those of Smits, 
several other observations have been made which are considered 
worthy of record. 


EXPERIMENTAL. 


The benzene used was Kahlbaum’s “ thiophene-frei,’’ and con- 
tained no detectable amount of thiophen. After being frozen out 
twice, it was distilled, and the middle fraction was stored over phos- 
phoric oxide for a few days and distilled from this reagent before use. 

Baker’s simple experiment was first repeated, the benzene being 
sealed into a tube containing two parallel electrodes of platinum foil 
and two thermometers, one suspended in the liquid and the other in 
the vapour. The top of the tube was drawn out to a long capillary 
of about 2 mm. diameter, which was bent twice at right angles. 
After the tube was charged with the benzene, the end of this 
capillary tube was sealed, and a P.D. of 540 volts applied to the 
electrodes. After a week the capillary tube was opened under dry 
mercury, and the bulb immersed in an oil bath, the temperature of 
which was raised gradually. At about 80°, considerable evapor- 
ation occurred from the benzene, as shown by refluxing down the 
walls of the vessel, but no visible ebullition occurred. At 84:5", 
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bubbles began to. rise from the electrodes, but the thermometer in 
the vapour registered 80°. One of the leads then accidentally 
became dislodged, whereupon boiling instantly ceased, but resumed 
as soon as the lead was restored. Hence the leads were removed 
and the heating continued. The temperature rose to 85°5° before 
ebullition recommenced. The temperature of the liquid fluctuated 
between 85° and 86°, but the thermometer in the vapour remained at 
80°. If the leads were restored whilst gentle ebullition was occur- 
ring at 85°5°, the liquid boiled much more violently, the temperature 
falling to 84:5°, but became quiescent again as soon as they were 
removed. 

Another specimen in a similar tube boiled at 87°, and continued 
at that temperature while most of the benzene was boiled away. 
When only a little was left, however, the temperature rose to 93°. 
The highest temperature recorded in the vapour was 81°, but, as 
this was reached when only very little liquid remained, it was 
probably due to some superheating of the vapour. 

An experiment was carried out in the same tube under similar 
conditions with benzene which had not been subjected to the 
electric field. The boiling point as registered by the thermometer in 
the liquid was 80-5°, and that in the vapour 80°. When only a very 
small amount of liquid remained, the temperature in the liquid rose 
to 81°, but the vapour temperature was still 80°. In this case, 
however, the temperature of the bath was only slightly higher than 
that of the liquid in the tube, whereas in the case of the benzene 
which had been under the electric field the bath had to be taken to 
a much higher temperature (105°) in order to cause ebullition. It 
has been observed throughout these experiments that after a tem- 
perature of about 80° was passed, the temperature of the liquid in 
the bulb remained always considerably below that of the bath, 
although comparatively thin-walled glass tubes were employed. 
This is attributed to the rapid evaporation from the surface of the 
liquid, and the return of condensed liquid into the bulb. In many 
cases this effect made it difficult to raise the temperature of the 
benzene sufficiently to cause it to boil visibly. 

A series of experiments was also carried out in order to test 
whether any change in vapour pressure occurred on subjecting the 
liquid to an electric field. Both mercury and glass-spring indicator 
gauges were employed, but the results were entirely negative, 
although electric fields up to about 1500 volts per cm. were applied 
and the temperature of measurement was varied from 0° to 80°. 
Boiling-point observations showed that the presence of mercury 
was detrimental to the production of the phenomenon, and also 
that less effect was observed when there was a considerable “dead 

EE2 
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space ” not under the electric field at the side of and behind the 
electrodes. 

In one apparatus in which a glass-spring indicator was employed, 
a P.D. of 440 volts was applied to electrodes 1 cm. apart in the 
benzene for a month without causing any change in vapour pressure. 
A side bulb was then immersed in ice, and after about one-third of 
the liquid had condensed in it, the bulb was sealed off, a fraction of 
the liquid being thus removed. The rate of attainment of the 
previous vapour pressure, however, was almost exactly the same as 
when a fraction was removed under similar conditions before 
application of the field. This behaviour contrasts strongly with 
that of intensively dried liquids, in which the rate of attainment of 
a constant vapour pressure is extremely slow. 

In order to avoid the presence of any “‘ dead space,”’ another type 
of cell was employed. A flat bulb was constructed with paralle! 
sides, about 7 mm. apart, platinum wires being sealed through each 
face. In order to form two parallel silver plates on these walls, 
paraffin wax was run round the edge of the bulb, so as to form a 
thin but continuous layer. The interior of the bulb was then silvered. 
The paraffin wax was removed by repeated washing with benzene. 
Thus the silver deposits on the two faces remained effectively insul- 
ated from one another. Again, with this type of vessel, no vapour- 
pressure change could be detected after connecting the electrodes 
to a P.D. of 400 volts for a month. Boiling-point determinations 
with such a cell furnished some interesting results, however, which 
serve to throw some light on the cause of the high apparent boiling 
point. 

A small thermometer was suspended in the liquid by means of 
a platinum wire, so that its bulb was equidistant from the faces and 
approximately in the centre of the liquid. Without the top of the 
tube being sealed, a P.D. of only 220 volts was applied to the 
electrodes, but after two or three days the apparent boiling point 
was raised considerably. The heating was carried out by means of 
an oil bath, and on some occasions the temperature of the liquid in 
the bulb could be raised to 104° before ebullition commenced. This 
occurred suddenly, and the temperature fell a few degrees, after 
which the liquid boiled steadily at 96°. As has been found in all 
these experiments, the bubbles arose from one point on one of the 
electrodes, in this case from one of the platinum wires sealed through 
the wall of the vessel. If, however, whilst the temperature was 
about 90°, the liquid was stirred vigorously with the thermometer, 
bubbles escaped violently from the liquid in the tube, and the tem- 
perature fell. As soon as agitation was discontinued, however, 





the ebullition ceased, and the temperature began to rise again. 
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The more vigorously the liquid was stirred, the lower the temperature 
became. In this way it was possible to lower the temperature of 
the liquid from 94° to 82°. The actual temperature at which the 
unagitated liquid boiled was by no means reproducible. After the 
electric field had been applied for a day, the boiling point did not 
appear to rise progressively with time, but, in general, the unagitated 
liquid attained steady boiling at some temperature between 90° 
and 100°, and this ebullition showed none of the characteristics of 
superheating as generally observed. When the liquid to which the 
field had not been applied was kept boiling gently at 80-5°, no rise 
in this boiling point could be observed when the field was applied 
for four hours. Thus it would appear that the agitation caused by 
the boiling destroyed the effect which the electric field tends to 
produce. 

The boiling point found when the bulb was heated directly with 
a small flame was in complete accordance with the observations of 
Smits (loc. cit.), for it was always unaltered whatever the duration 
of the electric field, and even with specimens of benzene which 
boiled steadily at temperatures as high as 96° when heated in an 
oil bath. 

Hence it appears certain that Baker’s observation of a rise in 
boiling point after application of an electric field was due, as sug- 
gested by Smits, to superheating induced by the removal of charged 
nuclei from the system. 


Summary. 


When an electric field is applied to benzene in a tube heated by 
means of an oil bath, the apparent boiling point, as registered by a 
thermometer in the liquid, rises, as has been shown by Baker. The 
vapour temperature, however, retains its normal value. This effect 
is not observed when the tube is heated directly with a small flame. 
The effect is considerably reduced by stirring, and the more so the 
more vigorous the agitation. No change in vapour pressure occurs 
when benzene is subjected to an electric field. The effect observed 
by Baker is attributed to superheating. 


In conclusion, the author desires to express his great indebtedness 
to the Department of Scientific and Industrial Research for grants 
during the tenures of which this work was carried out; also to 
Professor F. G. Donnan, F.R.S., at whose suggestion this work was 
commenced, for his kindly advice and criticism. 

THe Str Wiii1am Ramsay LABORATORIES OF 


INORGANIC AND PHysicAL CHEMISTRY, 
University CotteGr, Lonpon.  [Received, March 6th, 1929.] 
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CX.—Complex Oxalates of Quadrivalent Molybdenum. 
By Henry Muts Spirrte and Wittiam WaRDLAW. 


ALTHOUGH molybdenum readily forms a wide range of oxalates, in 
which the metal has valencies of six, five, four, and three, yet in no 
case has a normal oxalate been isolated : this is in accordance with 


the well-known tendency of this element to form oxy-salts. The 
close relationship existing between the oxalates is shown in the 
case of the sexa- and quinque-valent derivatives by their co-ordin- 
ation formule, [Mo0O,(C,0,),cH,O|\(H,, HR, or R,) and 
[MoO,(C,0,),yH,O)(H or R) (J., 1928, 2742). Knowledge of the 
oxalates of molybdenum in its lower valency states is still, however, 
very limited, since there have been isolated but one oxalate, 
MoO(C,0,),3H,O, of quadrivalent molybdenum, and only two of 
tervalent molybdenum, the soluble Mo,O(C,0,),,6H,O and the 
insoluble Mo,0,(C,0,)3,12H,O (Wardlaw and Parker, J., 1925, 127, 
1311). By analogy with the co-ordination formule used above, it 
appeared (loc. cit.) that the oxalate MoO(C,O,),3H,O could be more 
adequately formulated as the acid H,[MoO,(C,0,),2H,O], especially 
in the light of its pronounced acidic properties. 

With a view to decide this question, further investigation of the 
oxalates of quadrivalent molybdenum has been undertaken. In addi- 
tion to the preparation of molybdenyl oxalate, MoO(C,0,),3H,0, 
and a study of its hydrolytic products, new complex salis of the 
general formula R,[Mo,0,(C,0,),,5H,O], where R = K, NH,, or 
C;H,N, have been obtained. 

The interesting result emerges from this investigation that, 
contrary to the original hypothesis, the oxalate MoO(C,0,),3H,0 
is not satisfactorily formulated as the dibasic acid 

O H,[Mo0O,(C,0,),2H,O] with a co- 
ordination number of six, but 
ee as rather as the compound 

pa _ 908, H,[Mo30,(C,0,)3,%H,0] 
z~Mo——O OB, containing a polynuclear complex 
H,0 ¥ 4 “0—CO of three molybdenum atoms. This 
ot is supported by the conductivity 
OQ data, which indicate that the com- 
plex oxalates are ternary electro- 
lytes. Amongst the compounds of 
molybdenum the occurrence of such 


complexes is not exceptional. The 
un-ionised acid, Mo,03(C,0,4)3,6H,9, 
corresponding to the salts mentioned above can be conveniently 
formulated as shown in the annexed figure. In this formula 
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each atom of molybdenum carries one oxalato-group and two 
water molecules, and the three molybdenum and three oxygen atoms 
form a symmetrical 6-membered ring. Such a configuration does 
not appear improbable in view of the great stability of the new 
compounds. Ionisation can take place by means of the reaction 
Mo<-OH, = [Mo-O-H]' + H’. The only point left unexplained 
is why such a compound can ionise as far as a dibasic acid and 
no further. It seems comparable with the behaviour of Mo,Cl,, 
in which the peculiar reactivity of two chlorine atoms is still 


1 1 
unexplained, although the formula Mo Mog Sho 
: 1 1 


would account for this property. 

The possibility that the metallic atoms may be linked by oxalate 
radicals rather than by oxygen atoms has been considered, but this 
leads to a co-ordination number of five for the molybdenum; only 
by using the oxygen atoms as linkages can a co-ordination number 
of six be assigned to the metal. 

For the oxalates of quinque- and ter-valent molybdenum similar 


polynuclear complexes, Ry] X(C,0,)OMo<G>Mo0(C,0,)x |, where 


X=C,;H;N or H,O, and [3H,0,(C,0,)Mo—O-—Mo(C,0,),3H,0], 
have already been suggested. This tendency of molybdenum to 
form complex substances containing large numbers of the metal 
atoms is also seen when molybdeny] oxalate is hydrolysed. Products 
have been isolated of the empirical formule Mo,0,(C,0,), and 
Mo,0,(C,0,)3. ‘They appear analogous to the insoluble tervalent 
oxyoxalate Mo,0,(C,0,)3, which has been shown to give Mo,0,;(C,0,), 
on atmospheric oxidation. Thus a close relationship is now 
apparent throughout the whole range of the oxalates of molybdenum. 
The isolation of an ammonium salt of the type 
R,[Mo,0,(C,0,)3,5H,0],1-5C,H,-OH 
might be adduced as evidence that the complex salts contain a 
minimum of six molybdenum atoms. In the absence of further 
convincing evidence in this direction, however, there seems no 
reason for assigning a more complicated structure to the complex 
salts, 
EXPERIMENTAL. 


The simplest method of preparation for the oxalates involves the 
electrolytic reduction of an acid solution of molybdic acid. This 
problem is complicated, however, in the case of the oxalates, by 
the electrolytic reduction of oxalic acid itself, although Chilesotti 
(Z. Elektrochem., 1906, 12, 146) states that in oxalic acid solutions 
of molybdie acid this side reaction has only a very slight influence. 
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It was found, however, that solutions of tervalent molybdenum thus 
produced, after oxidation to the quadrivalent state, yielded impure 
molybdenum oxalates. Accordingly, in the present research, this 
electrolytic method was discarded in favour of one previously 
described by Wardlaw and Parker (loc. cit.), in which molybdenum 
trihydroxide, precipitated by addition of ammonia to an electro. 
lytically reduced solution of molybdic acid in sulphuric acid, was 
dissolved in oxalic acid. 

For the preparation of molybdenum trihydroxide the details 
given in previous communications (J., 1924, 125, 1910; 1925, 127, 
1311) were followed, but special measures were adopted to remove, 
as completely as possible, ammonia and ammonium salts. Over a 
period of 2—3 months, the hydroxide (20 g.) was washed 6 or 7 
times with 5 1. of boiling air-free water, by decantation, in an atmos- 
phere of nitrogen. The time required for the settling of the 
hydroxide was not appreciably affected by the addition of electro- 
lytes, in the form of small quantities of oxalic acid, or a solution of 
tervalent molybdenum oxyoxalate. The hydroxide, suspended in 
the smallest possible quantity of water, was then forced on to 
crystals of oxalic acid (50 g.), just covered with water to displace air, 
and the mixture heated to give a clear solution. If the brown 
solution thus produced was boiled in an atmosphere of nitrogen for 
a considerable period, the brown insoluble tervalent oxyoxalate 
Mo,0,(C,0,)3,12H,O separated, provided the solution was not con- 
centrated below 150 c.c., and water was added at intervals to make 
up for that lost by evaporation. On the other hand, by rapid 
concentration of the solution to 120 c.c., in absence of air, the form- 
ation of this insoluble oxalate was avoided, and a deep brown 
solution resulted, which was cooled, filtered to remove separated 
oxalic acid, and oxidised at room temperature by the passage of a 
current of air (free from ammonia). A bright red solution con- 
taining quadrivalent molybdenum was obtained (Solution A). It 
was found undesirable to concentrate this, as boiling caused a 
colour change to reddish-brown, and the solution so produced did 
not yield the required product MoO(C,0,),2H,O. By addition of 
the unconcentrated bright red solution to acetone, however, a 
pinkish-red precipitate of the above composition was obtained, 
identical in properties with the substance already described (loc. 
cit.). 


Salts of the Type R,[Mo,0,(C,0,),,5H,0]. 


For the preparation of this series of complex oxalates, alcohol 
was added to Solution A. No molybdeny] oxalate was precipitated, 
but a clear blood-red solution resulted, from which the various 
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complex oxalates described below were obtained by addition of the 
appropriate base. 

Dipyridinium Trimolybdenumtetroxytrioxalate.—To the clear red 
solution produced by the addition of Solution A (20 c.c.) to alcohol 
(1000 ¢.c.), pure pyridine, in sufficient quantity to precipitate 75% 
of the molybdenum, was added slowly with constant stirring. The 
bluish-pink flocculent precipitate was collected, washed with alcohol, 
and dried over calcium chloride in a vacuum {Found: Mo, 33-6; 
C,0,4, 30-7 ; N, 3-26; C, 21-9; H, 2-64. (C;H,N),[Mo,0,(C,0,),,5H,O} 
requires Mo, 33-3; C,0O,, 30-5; N, 3-24; C, 22-1; H, 2-56%}. In 
order to determine whether the salt as originally precipitated, and 
before being dried over calcium chloride in a vacuum, contained 
associated alcohol, a freshly precipitated sample was air-dried on a 
porous plate and analysed. Alcohol was thereby shown to be 
absent. Estimation of valency proved that the molybdenum was 
quadrivalent. 

Analysis. Molybdenum was estimated by direct ignition to the 
trioxide, or by precipitation as trisulphide and ignition to trioxide 
(J., 1924, 125, 1911). Nitrogen was estimated by the method of 
Dumas, and oxalate as previously described for the oxalates of 
quinquevalent molybdenum (J., 1928, 2742). In the present 
research the ignition to trioxide of the Mo(OH), obtained during 
the estimation of oxalate was not found to be satisfactory for the 
estimation of molybdenum (see p. 796). 

Dipotassium Trimolybdenumtetroxytrioxalate.—For the prepar- 
ation of this salt the method used was similar to that for the pyridin- 
ium compound, potassium hydroxide (20%) being added slowly 
instead of pyridine, in sufficient quantity to precipitate only half 
the molybdenum present. The product resembled the pyridinium 
compound in appearance and properties {Found: Mo, 36-7; 
C,0,, 33-4; K, 9-8. K,[Mo,0,(C,0,)5,5H,O] requires Mo, 36-7; 
C,0,, 33-6; K, 10-0%}. 

Diammonium Trimolybdenumtetroxytrioxalate—Treatment of the 
clear red liquid produced by the addition of Solution A (10 ¢.c.) to 
alcohol (500 c.c.) with ammonia solution (3) in sufficient quantity 
to precipitate half the molybdenum, resulted in the separation of a 
bluish-pink precipitate similar to the pyridinium and potassium 
salts. After being washed with alcohol and dried over calcium 
chloride in a vacuum, this compound was found by analysis usually 
to contain a small amount of ammonium oxalate. All the oxalates 
described above have been precipitated in an amorphous condition. 
In addition, the ammonium salt has been obtained in the form of 
purplish-red crystals containing both water and alcohol of crystal- 
lisation. For the preparation of this salt, a portion of Solution A 
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(containing 2 g. Mo) was carefully concentrated on the water-bath 
to 10 c.c. ard dissolved in alcohol (500 c.c.); ammonium oxalate 
(0-5 g.) was then added in the form of crystals or fine powder. In 
the latter case the mixture was mechanically agitated for some 
weeks, and the resulting purplish-red crystals were collected and 
washed with alcohol. In the former case, after a suitable period, 
the unchanged erystals of ammonium oxalate were separated from 
the required red crystals by hand picking. In both cases it was found 
advisable to re-agitate the product for some days with a freshly 
prepared alcoholic solution of molybdenyl oxalate, after which the 
crystals were washed with alcohol and dried in a vacuum over cal- 
cium chloride {Found : Mo, 35-5; C,0,, 32-7; NH,, 4-5; C, 13-4; 
H, 3-5... (NH,). [Mo,0,(C,0,4)5,5H,O},1-5C,H,O requires Mo, 35:5; 
(C,O,), 32-6; NH, 4:5; C, 13:3; H, 3-4%}. An exactly similar 
salt slowly separated from an alcoholic solution of molybdeny! 
oxalate, to which ammonia or ammonium oxalate solution had been 
added until there was a faint permanent precipitate. By treatment 
of alcoholic molybdeny] oxalate solutions with potassium or sodium 
oxalate or hydroxide solution in a similar manner, very small 
quantities of crystalline compounds separated, similar in appearance 
to the ammonium salt described above. 

Attempts. to make sodium and barium salts; by addition of 
sodium or barium hydroxide to an alcoholic solution of molybdenyl 
oxalate, yielded mixtures containing the required salt with the free 
metallic oxalate. 

General Properties.—With the exception of the crystalline ammon- 
ium salt, the complex oxalates described above are bluish-pink 
amorphous solids. They are all very soluble in water, forming 
bright red solutions, but are insoluble in alcohol or acetone. Addi- 
tion of alkalis or ammonium oxalate to aqueous solutions of the 
complex salts gives a blue coloration, but the red colour is restored 
by the addition of any acid, even acetic. The oxalate ion cannot 
be detected in aqueous solutions by the usual ionic reactions, nor is 
molybdenum hydroxide immediately precipitated by the action of 
alkalis in the cold. Hot potassium hydroxide solution, however, 
gives a black flocculent precipitate of -molybdenum hydroxide, 
although some of the molybdenum may remain in the solution as 
the alkali molybdate. If the hydroxide is precipitated by means of 
sodium hydroxide, it can be obtained in a light green form.  Solu- 
tions of the complex oxalates possess marked reducing properties, 
silver nitrate being reduced to metallic silver on boiling. On the 
addition of lead acetate solution to an aqueous solution of any of 
the salts, a voluminous bluish-pink precipitate is formed, the colour 
of which changes on warming to brown. 
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Molecular-conductivity Determinations.—To decide whether the 
complex salts R,[Mo,0,(C,0,)s,5H,0] are correctly formulated ‘as 
ternary electrolytes, determinations of molecular conductivity were 
carried out. Experiments at 0° indicated that the molecular con- 
ductivity of aqueous solutions of the complex oxalates did not change 
with time. ‘This is in accordance with the qualitative observation 
that in such aqueous solutions neither the oxalate radical nor the 
molybdenum can be detected by ionic reactions in the cold. The 
molecular conductivities for dilute solutions at 0° are as follows : 


(NH,).[Mo,0,(C,0,)3,5H,0],1-5C,H;-OH. 
92-7 139-1 208-6 312-9 
105-1 124-9 132-0 137-8 
(C5H_N)o[Mo,0,(C,0,)3,5H,0]. 
71-3 142-6 285-2 570°5 1141 
87-0 101-0 115-9 129-4 
It is interesting to note that the lower molecular conductivity of the 
pyridinium salt is in accordance with the ionic velocities of the 
pyridinium and ammonium ions, which at 0° are respectively 20 
(Lundén, J. Chim.. physique, 1907, 5, 592) and 38-4 (Landolt— 
Bornstein Tabellen, 1923, II, 1104). Moreover, the values for both 
salts are in agreement with those, given by typical ternary elec- 


trolytes (J., 1927, 516), although, as would be expected, the large 
complex anion decreases the values of the molecular conductivity. 


Hydrolysis of Molybdenyl Oxalate. 

It has already been mentioned that addition of Solution A to 
acetone yields pinkish-red molybdenyl oxalate with the empirical 
formula MoO(C,0,),7H,O. If, however, Solution A is concentrated 
by boiling before being added to acetone, a purple product results, 
of empirical formula Mo,0,(C,0,),, and containing both acetone and 
water. By extraction with aqueous alcohol at room temperature, 
this compound yields a brown residue of empirical formula 
Mo,0,(C,0,),. These reactions indicate that from molybdenyl 
oxalate by the action of aqueous acetone or alcohol, various poly- 
nuclear molybdenum complexes can be obtained. The probable 
reactions. occurring can be symbolised as follows : 


(a) 5MoO(C,0,) + H,O == Mo,0,(C,0,), + H,C,0,, 
(6) Mo,O,(C3O4), == Mo,0,(C,0,), + MoO(C,Q,), 
or 4Mo,0,(C,0,4), + H,O == 5Mo,0;(C,0,4)3 + H,C,0,4. 

It is interesting to note that the brown product Mo,0;(C,0,), can 
also be obtained by atmospheric oxidation of a suspension of the 
insoluble tervalent oxyoxalate, Mo,0,(C,0,)3,12H,O, in aqueous or 
oxalic acid solution. 
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Pentamolybdenum Hexaoxytetroxalate——A portion of Solution A 
(12 g. Mo in 120 c.c.) was concentrated to 40 c.c. by rapid boiling, 
cooled, filtered from the deposited oxalic acid, and added to acetone 
(400 c.c.). The dark red oil which separated was treated with dry 
acetone till granular, collected, and dried over calcium chloride in 
a vacuum. The compound tends to retain acetone, even after long 
drying, and hence analyses are calculated as molecular ratios 
[Found: (a) Mo, 391; C,O,, 291%; Mo: C,O, = 4-95 : 4-00. 
(6) Mo, 39:0; C,0,, 288%; Mo:C,0, = 498:4-00]; it is a 


purplish-brown crystalline solid, readily soluble in water to a red. 


solution, but insoluble in acetone or alcohol. 

Tetramolybdenum Pentoxytrioxalate—This compound can be 
formed by the addition of the above Mo,O,(C,0,), (1—2 g.) toa 
mixture of water (8 ¢.c.) and alcohol (52 c.c.); after shaking and 
filtration, the resulting brown solid is washed with alcohol and dried 
over calcium chloride in a vacuum (Found : Mo : C,0, = 4-02 : 3-00, 
4-01 : 3-00). A better method for the preparation of this compound 
is as follows: To a suspension of the insoluble tervalent oxalate 
(5 g.) in water (30 c.c.), oxalic acid (1 g.) was added. Air (free from 
ammonia) was drawn through the mixture for 3—4 weeks, and the 
resulting red solution, without being heated, was filtered and added 
to acetone (500 c.c.). The light brown precipitate was collected, 
washed with acetone, and dried in a vacuum over calcium chlor- 
ide [Found: Mo, 42-1; C,0,, 28-8; Mo: C,0, = 4-02: 3-00. 
Mo,0;(C,0,),10H,O requires Mo, 42-3; C,0,, 29:1%]. This com- 
pound was proved to contain quadrivalent molybdenum by the 
usual method of valency determination. As indicated by equations 
(a) and (6), it should be possible to convert the above compounds 
into molybdenyl oxalate, by treatment with appropriate concen- 
trations of oxalic acid. This has been shown to be the case by the 
following experiment. 

Oxalic acid, in slight excess of the theoretical amount, was added 
to an aqueous solution of either of the above complex molybdenun. 
oxalates. After evaporation to dryness in a vacuum at 50°, the 
excess oxalic acid was extracted by dry acetone, and the resulting 
purplish-brown solid dried over calcium chloride in a vacuum [Found: 
(a) Mo, 39-2; C,O,, 36-3; Mo: C,0, = 1-00: 1-01; (6) Mo, 39-6; 
C,0,, 36-6; Mo:C,0, = 1-:00:1-01. Cale. for MoO(C,0,),3H,0: 
Mo, 37:8; C,0,, 34:7. Cale. for MoO(C,0,),2H,O: Mo, 40-7; 
C,0,, 37-°3%]. If too great an excess of oxalic acid is used, the 
water of crystallisation remaining in the dried mixture of molybdeny! 
oxalate and oxalic acid forms aqueous acetone, which hydrolyses the 
product. 
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CXI.—The Systems n-Butyl Alcohol-Water and 
n-Butyl Alcohol—Acetone—Water. 


By Davip CHARLES JONES. 


Orton and Jonzs (J., 1919, 115, 1194) found that a 13-994% hydro- 
chlorie acid solution gave with pure n-butyl alcohol an upper and 
a lower ternary critical solution temperature (C.S.7'.) of 43-55° 
and 9-6°, respectively, for the concentrations given in that paper. 
The complete solubility ring so produced contracts on an increase, 
and expands on a decrease, in the concentration of the hydrochloric 
acid solution. The ternary C.S.7'.’s with hydrochloric acid solution 
were extremely sensitive to typical impurities in the n-butyl alcohol, 
and the data were utilised in following the purification of n-butyl 
alcohol, obtained from various sources; the method thus devised 
proved to be far more sensitive to most impurities (except water) 
than those based on any other physical property, and in.order to 
obtain a specimen of the alcohol which was so pure that all its 
fractions behaved uniformly according to this criterion, it was 
necessary to prepare a crystalline derivative and subsequently 
regenerate the alcohol. 

The solubilities of isomeric alcohols, such as the butyl alcohols, 
are of considerable theoretical interest, and it was therefore decided 
to determine the binary solubility curve with water of n-butyl 
alcohol thus purified, the purity having been confirmed by the use 
of this sensitive criterion. The ternary system n-butyl alcohol-— 
acetone—water was also investigated from —15° to the temperature 
of the binary C.S.T., viz., 124-74°, and in all cases the ternary 
C.S.T.’s were far more sensitive to impurities than the binary. 


The System n-Butyl Alcohol—Water. 


The n-butyl alcohol was prepared as before (Orton and Jones, 
loc. cit.), and dried with calcium oxide before the final fractional 
distillation through a twelve-bulb pear still-head. The several 
fractions gave identical C.S.7'.’s with a hydrochloric acid solution. 
The values for the density and refractive index of the pure material 
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were Dif 0-81417 and n?* 1-39711. The water was freshly 
boiled conductivity water obtained from a Bousfield still. The 
synthetic method of determining the solubility points was used, and 
the experimental details’were essentially as described by Jones and 
Betts (J., 1928, 1179). It was found that ordinary soda glass, even 
if well steamed, could not be used for accurate determinations, for 
redeterminations just above 120° gave readings as much as |° 
higher. This did not occur with well-steamed Pyrex glass, even if 
readings were repeated during a period of several months, and tubes 
of this glass were used, since the readings obtained were identical 
with those in control experiments with quartz-glass tubes in the 
neighbourhood of the C.S.7'. The thermometer was tested, during 
the period when the work was done, at the National Physical 
Laboratory. The results are given in Table I (where wand J refer 
to upper and lower miscibility temperatures obtained with the 
same concentrationJof solution) and shown graphically in Fig. 1, 
Curve 1. 
TaBe I. 

n-C,H,,0, % 6-03! 6-47? 9-79 % 12-724 15-155 17-514 
T 65-0°u 81-0°« 107-72°u 117-40°u 120-30° 122-45° 

40-0°1 19-3°2 =—3-11°2 —18-01°7 


n-C,H,,0, % 27-88 28-16% 30-397 32-49 8 32-85%. 33-795 


H 
Temp. »........ 124-74" 124-742 -:124-738° «124-74 s«:124-76° 124-72° 


n-C,H,,0, % 38-05% 41-30% 44-03 48-01 57-80 63-44 
Temp. ......... 124-66° 124-05° =123-75° 122-60° 115-00° =. 106-05° 
n-OC,H 0, % 7627 7951" | 80-46 80-82 1 

Temp. ....-.+. . 58-50° 29-82° 13-0° —5-0° 

1 Accuracy +2°; slightly cloudy between these temperatures. 

2 Accuracy +2°. 

3 Rising temperature, 107-72°; falling, 107-60°. 

* Observation accurate to 0-02°; rising and falling temperatures identical 
within these limits of accuracy. This applies to all the following determin- 
ations until the system containing 79-51% of n-butyl alcohol is reached. 

5 Repeated after three months. 

* Slight critical opalescence ; striations almost absent. 

? Lower layer very large. 

8 Equal volumes; clearest critical phenomena. 

* Upper layer greater than lower; quartz experimental tube. 

10 Determinations made at intervals up to eight days; no change observed 


even after heating to a temperature of 130°. 
11 Accuracy of determination 0-1°; difference of 1° between rising and 


falling temperatures. 


The upper portion of the curve is flat, no change of miscibility 
temperature exceeding 0-02° being detectable within the concen- 
tration limits 28-34% of n-butyl aleohol. From the extrapolation 
of the mean concentration line, the critical solution concentration 
is 32-4% n-butyl alcohol. Several points were determined in the 
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immediate neighbourhood of the C.S.T. in cylindrical Pyrex-glass 
tubes, and an endeavour was made to determine the critical con- 
centration by the direct readings of the volumes of the phases. 
The 32-49% mixture gave layers of almost equal volume, the 
32859 mixture a greater upper layer, and the 30-39% a much 
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greater lower layer. The 32-4% n-butyl alcohol corresponds to a 
molar fraction of 0-1044, or 10-44 mols.%. 

The 0.8.7. is at 124-75°, which is lower than that given by Hill 
and Malisoff (J. Amer. Chem. Soc., 1926; 48, 924), viz., 125-15°. 
Such a difference would be easily possible if these authors used 
ordinary glass. Alternatively, although their specimen boiled con- 
stantly within 0-1°, it may have contained a trace of impurity, for 
certain impurities, if they happen to be present in the original 





802 ° JONES: THE SYSTEMS ”-BUTYL ALCOHOL—WATER 


sample, can scarcely be removed by even prolonged distillation 
methods (Orton and Jones, loc. cit.); on the other hand, this binary 
C.8.T. is very insensitive to typical impurities. Other sensible 
deviations from the determinations of Hill and Malisoff occur mainly 
in the portion of the curve representing the water-rich phase ; thus, 
at 20° the value obtained was 6-5°% of n-butyl alcohol, whereas Hill 
and Malisoff give 7-81°%, a value apparently corroborated by the 
determination of Reilly and Ralph, viz., 7-90% (Sci. Proc. Roy. 
Dubl. Soc., 1919,15, 597). The last two values, however, were both 
obtained by a volume method, and it is possible that at least a part 
of the discrepancy may be due to the difficulty of separating the 
phases accurately—frequently thin emulsions persist for a very 
long time. That Reilly and Ralph’s value is really confirmatory, 
however, is to be doubted, since they state that the saturated 
solution of the alcohol in water, as prepared, was slightly cloudy, 
but on raising the temperature this cloudiness disappeared—owing 
to the minimum on the solubility curve, the solution should have 
become more cloudy under these conditions. 

The solubility curve was followed as far below the freezing-point 
curve as possible, in order to determine whether a metastable lower 
C.S.T. could be observed, or whether the system was similar to that 
of methyl ethyl ketone—water (with maxima of mutual insolubility 
on both arms) or to that of sec.-butyl alcohol—-water, where some 
workers have found a waist in the curve (Timmermans, Z. physikal. 
Chem., 1907,58, 129; Dolgolenko, ibid., 1908, 62, 499). It was 
possible to follow the solubility curve to approximately — 20°, 
i.e., 17° below the invariant freezing point of the two-layer system. 
As is evident from the curve, the solubility in water of the n-buty| 
alcohol increases very rapidly as the temperature falls, but no 
maximum of mutual insolubility, such as occurs at approximately 
52° with the water-rich phase, occurs on the other arm of the curve, 
even down to — 20°. 

The mean-concentration curve, which from 50° up to the C.S.7. 
is slightly curved, bending as is usual towards the axis representing 
the more volatile component, shows at about 50° a point of inflexion, 
and from this point to lower temperatures it moves at an increasing 
rate towards a greater concentration of n-butyl alcohol. It will be 
seen that at —15° the mean concentration has already reached a 
value of 46:5% of alcohol. This is the behaviour that would be 
expected if the lower terminus of the line were at a hypothetical 
lower C.S.7’. 

Table II contains the solubility results (read from an enlarge- 
ment of Fig. 1) from which the points on the mean-concentration 
line were calculated; S, and S, represent respectively the percen- 
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tages of the alcohol in the water-rich and alcohol-rich phases, and 
the fourth column gives the mean. 


TABLE II. 


Mean. Temp. 
324 80° 
32-9 60 
33°6 40 
34-75 20 
35°85 0 . 
37-3 —15 12- 


~ 


Mean. 
39-6 
41-1 
42-3 
43-3 
44-85 
46-5 


Temp. Sw. 
124-75° 32-4 
123 
120 
115 
110 
100 


DAdonr orm oo 
Sesto ats 
0.00 GO -3 -3 ~1 
SOP eer 
SCQweros-1* 


Discussion.—The butyl alcohols are in the following order with 
regard to their C.S.7'.’s with water: iso>n>sec.>tert. The same 
order obtains for the iso- and n-butyric acids, but it is reversed in 
the corresponding aldehydes. Below 60°, isobutyl alcohol is more 
soluble than the n-alcohol in water, the curves crossing at about this 
temperature. 

The extent of the mutual solubility of two liquids is determined 
by two factors: (1) the relative intermolecular attractions between 
the molecules of the same kind, and that between the molecules of 
different kinds, and (2) any chemical combination between the 
molecules of different kinds. 

It is very probable that the mutual solubility of alcohols and 
water is due to both these factors; (1) is endothermic, and becomes 
predominant as the temperature is raised, whilst (2) is exothermic, 
and predominates at lower temperatures. As a result, there is a 
maximum of mutual insolubility, such as is observed at 52° in the 
case of n-butyl alcohol and water. The mutual solubility of 
alcohols in saturated hydrocarbons must be ascribed to (1) alone; 
in no case of this kind does the solubility increase with fall of 
temperature. 

It is possible that the mutual solubilities of the ethers and water 
provide an illustration of effect (2) alone. Thus, it is a remarkable 
fact that, if the first few members of both series be neglected, the 
ethers have very similar boiling points to the saturated hydro- 
carbons of approximately the same molecular weight, e.g., 


M. B. p. : B. p. 
CH,-O-C,H, ... 88 70-3° 68-9° 
CH,-0-C,H,,... 130 149-8 H 149-5 
CH;-O-C,H,,... 144 173-0 H 173-0 
(Kauffmann, ‘“‘ Beziehungen zwischen physikalischen Eigenschaften und 
Chemischer Konstitution,”’ 1920, p. 151.) 


The same similarity occurs between the boiling points of the 
isomeric hexanes and the corresponding methyl butyl ethers 
(Bennett and Philip, J., 1928, 1930) : 
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68-9° Methyl n-butyl ether 
B-Methylpentane 62-0 Methyl isobutyl ether 
y-Methylpentane 64-0 Methyl sec.-butyl ether 
£B-Dimethylbutane 49-6 Methy] tert.-butyl ether 


Thus the introduction of ethereal oxygen into a hydrocarbon 
apparently does not increase the mutual attraction of the molecules, 
It is possible, therefore, that apart from factor (2) the ethers would 
be as insoluble in water as the hydrocarbons. In that case the 
mutual solubility of the ethers is dependent on the formation of 
hydrates, their distribution between the ethereal and aqueous 
phases, and their consequent mutual solvent effects. The ether 
hydrates should be distributed far more in the aqueous phase, and 
this would account for the much larger solubilities of the ethers in 
water than of water in the ethers. Moreover, this hypothesis 
explains the form of the solubility curves. The reversible heat of 
solution is positive in all cases in the aqueous phase, and it is quite 
possible that the variable slope, sometimes positive, sometimes | 
negative, of the ether-rich phase is due to the superposition of the 
two effects, (i) positive heat. of solution due to hydrate formation, 
and (ii) the negative heat of solution due to mutual solvent action. 
Bennett and Philip (loc. cit.) have made some interesting specul- 
ations regarding the solubilities of methyl butyl ethers in water, 
explaining the extent of this as due to the Harkins—Langmuir effect 
of the length of the hydrocarbon chain, and to the electron-repelling 
effects of the positive alkyl groups attached to the oxygen. 

Harkins (see, e.g., Harkins and King, J. Amer. Chem. Soc., 1919, 
41, 970) has shown, from surface-energy considerations, that the 
attraction of hydrocarbon for hydrocarbon is less than that of hydro- 
carbon for hydroxyl. By similar reasoning, the solubility of 
n-butyl alcohol in water, neglecting hydration, would be mainly 
determined by (a) the very large attraction of the hydroxyl groups 
of water for those of the alcohols, (b) the smaller, but still consider- 
able attraction of the alkyl groups of the alcohol for water, and 
(c) the very large attraction of the water molecules for one another. 
The length of the hydrocarbon chain attached to the hydroxy] of 
the alcohol has a large effect on the solubility, owing, mainly, to 
(c), because any solution of alcohol in water means the substitution 
of a hydrocarbon—water interface for a water—water interface. 

As regards factor (2), i.e., the extent of hydrate formation, any 
definite conclusion is a matter of great difficulty, Bennett and 
Philip (loc. cit.) have put forward the view that, in the case of the 
methyl butyl ethers, increased electron-repelling effects of the 
secondary and tertiary radicals (see Allan, Oxford, Robinson, and 
Smith, J., 1926, 401) increase the tendency of the oxygen of the 
ethers to donate a lone pair of electrons to the hydrogen of the 
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water, and thus increase the hydration and the solubilities of these 
ethers in water (see Sidgwick, ‘‘ The Electronic Theory of Valency,”’ 
. 137). 

; Applying these views to the isomeric butyl alcohols, we can say 
that, neglecting factor (2), there is sufficient decrease in the hydro- 
carbon—water interface between n- or iso-butyl alcohol and éert.- 
butyl alcohol to account for the difference in the solubility in water, 
eg., the hydrocarbon—water interface in tert.-butyl alcohol is not 
much greater than that of n-propyl alcohol, which is completely 
miscible with water. 

[t is very probable that the solubility curves of iso- and sec.-butyl 
alcohol have not been obtained with the pure substances (see Tim- 
mermans, loc. cit., and Dolgolenko, loc. cit.). However, the experi- 
mental values available indicate that isobutyl alcohol is slightly 
nore soluble in water than n-butyl alcohol at ordinary temperatures, 
f but it has a higher O.8.7'. (viz., 133°), and this can be ascribed quite 
clearly to the very large difference in solubility of water in the 
alcohols (at 20° its solubility in n-butyl alcohol is 20%, and in 
isobutyl alcohol 16%). 

The C.8.7. of sec.-butyl alcohol is 115°, 7.e., 9°7° below that of 
n-butyl alcohol, but there are very marked maxima of mutual 
insolubility on both arms of its curve, so that at ordinary tem- 
peratures the sec.- has a very much larger solubility than the n-com- 
pound (at 20° the solubility of the sec.-alcohol is 37%). If the 
results at the lower temperatures are not due to an impurity acting 
as a mutual solvent, there would appear to be distinct evidence 
here of a large hydrate formation, which may be evidence of the 
electron-repelling effect of a secondary alkyl group of a similar 
character to that to which the high dissociation constant of the 
secondary amines has been ascribed. The solubility results at the 
higher temperatures are qualitatively what would be expected from 
the decreased hydrocarbon—water interface. 

It is of interest to examine the available physicochemical evidence 
for the electron-repelling effect of alkyl groupings similar to those 
present in the butyl alcohols. The dissociation constants of the 
isomeric aliphatic acids should afford information; thus, the four 
C; acids have the same alkyl groups as are present in the butyl 
alcohols, and the dissociation constants (Kauffmann, loc. cit.) are 
n-valeric acid 0-00161; methylethylacetic acid 0-00168; isovaleric 
acid 0-00173 ; trimethylacetic acid 0-000978. 

The tertiary radical is acting in an electron-repelling character, 
but this is not evident in the case of the ¢so- or sec.-butyl radical. 
Butyric and isobutyric acids have almost the same values, and in 
the C, acids the same marked fall in the constant occurs when a 
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tertiary alkyl radical is present, i.c., in dimethylethylacetic acid; 
but in diethylacetic acid, where a secondary radical is present, the 
dissociation constant (0-00203) is greater than that of n-hexoic acid 
(0-00146). In the case of the amines, on the other hand, the secon. 
dary amine is stronger than either the primary or the tertiary 
(Moore and Winmill, J., 1907, 91, 1373; 1912, 101, 1635). 

The evidence in other directions is unfortunately ambiguous ; for 
example, since the mechanisms of association and of hydration are 
similar, both effects involving donation from oxygen to the hydrogen 
of another alcohol molecule in the one case and to the hydrogen 
of water in the other, it might be thought that there would be a 
eonnexion between the two, in the sense that the more associated 
alcohol would be hydrated to a greater extent. Biltz (2. physikal. 
Chem., 1899, 29, 249) determined cryoscopically the relative associ- 
ation of these alcohols in dilute benzene solution, and concluded that 
the relative association is in the order n>sec.>tert. This could 
not be due to the greater positivity of the vapour-pressure curves of, 
e.g., the tertiary alcohol, because this alcohol would be much less 
soluble in non-polar solvents such as benzene. 

The boiling points of these isomeric alcohols lead to the same 
conclusion about the extent of association as the cryoscopic results 
recorded above. Branching of the carbon chains in the hydrocarbon 
produces a lowering of the boiling point, but the difference in the 
boiling points of the butyl alcohols is much greater than would be 
expected from the branching of the chain alone. [The boiling 
points are n-, 117°; iso-, 107-5°; sec.-,99°; tert.-,82-9°. Compare 
with these the values given for the corresponding hexanes and 
methyl butyl ethers (p. 804).] The high boiling points of alcohols 
as compared with hydrocarbons or ethers are probably due to a 
physical attraction between the hydroxyl groups, and to the 
association as well. It is difficult to ascribe the high value of the 
critical pressure and of the van der Waals constant @ to. association 
alone (Berthoud, J. Chim. physique, 1918, 16, 245). Branching 
of the hydrocarbon chain in the alcohols tends, therefore, not only 
to reduce the mutual attraction of the hydrocarbon portions of the 
molecule for one another, as in the hexanes, but also to produce a 
greater normalising tendency. However, one cannot be sure that 
this latter effect is due to a decrease in the donative powers of the 
oxygen, for the increased negativity of the oxygen might affect 
adversely the acceptor properties of the hydrogen in another alcohol 
molecule. This effect would not occur in hydration. Moreover, 
steric effects may be important in the association. 

The dielectric constants of these alcohols are in the order n(< = 
19-2)>iso>sec.>tert. (¢ = 11-4). Thus they afford an illustration 
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of a very unusual effect, since, especially with isomerides, the 
higher solubilities in water usually accompany the larger values of «. 
Smyth (J. Amer. Chem. Soc., 1924, 46, 215) has calculated the dipole 
moments of these alcohols, and they are in the order n, iso><sec.> 
tert., but the differences between the values are small. An increased 
electron-repelling effect due to the secondary or tertiary alkyl 
groups would tend of itself to increase the electric moment, the centre 
of gravity of the negative charge being displaced nearer to the 
nucleus of the oxygen atom; but this effect may be outbalanced by 
an increase in the angle of attachment of the two positive groups, 
hydrogen and alkyl, with a consequent decrease in the distance 
between the centres of gravity of.the positive and negative charges. 
It would appear, therefore, that at present any attempt to place 
the butyl alcohols in their relative order of extent of hydration would 
be of little value. 

Two interesting results which follow from the study of the mutual 
solubilities of two liquids, of which one is water, may be mentioned 
here. (1) If the concentration of the components in the coexisting 
phases are expressed as g.-mols.°%,, the water has in all cases a much 
greater solubility in the phase rich in the second component than 
has the second component in the water-rich phase. (2) If one 
compares the solubility of water in oxygen-containing compounds 
which have about the same solubility in the water-rich phase, it is 
evident that they are clearly divisible into two groups: water is 
much more soluble in those compounds that contain a hydroxyl 
group, ¢.g., alcohols, phenols, and carboxylic acids. Table III 


TABLE ITI. 
Second 


component. Temp. Sa. S>. Aj. By. A,/B,. da/ds- 
Methyl ethyl ketone 20° 24:00 10-00 0-074 0-306 0-241 0-48 
sec.-Butyl alcohol ... 20 20:00 37:00 0-057 0-708 0-081 
isoButyrie acid 20 22-8 44-6 0-057 0-798 0-071 1-04 
Acetylacetone 30 15-5 5-0 0-031 0-225 0-142 0-70 
Ethyl acetate , 8-53 3:07 0-016 0-152 0-106 0-68 
Ethyl ether 3 “95 1:20 0-022 0-048 0-469 0-41 
n-Butyl alcohol 2 +50 20:00 0-015 0-507 0-030 
Phenol . 28-0 0-017 0-670 0-025 
Furfuraldehyde “3 6-3 0-016 0-265 0-062 
Benzoie acid . 17-0 0-009 0-582 0-016 1-21 
Salicylic acid 8-0 36-0 0-011 0-809 0-014 


summarises some of the results; S, is the solubility of the second 
component in water, and S, that of water in the second component, 
both as g. per 100 g. of solution; A, and B, are the corresponding 
mol. fractions. 

The first four materials mentioned in the table have a large 
solubility in water, but the values given show how much more 
soluble water is in the compound-rich phase when the compound 
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contains a hydroxyl group. The results for acetylacetone are 
interesting; the low solubility of water in this compound is clear 
additional evidence for the absence of the hydroxyl groups owing to 
the chelate ring structure. The other materials in the table are 
typical oxygen-containing compounds, having a solubility in water 
of 6—8%. It is obvious that, in the case of the alcohols, phenols, 
and acids, water has a very great solubility in the compound-rich 
phase. The values for salicylic acid and ether (A,/B, = 0-014 and 
0-469, respectively) are especially striking. In all cases, as the frac. 
tional value of A,/B, shows, the mol. fraction of the water in the 
compound-rich phase is greater than that of the compound in the 
water-rich phase. 

In any comparison of the solubilities of a series of liquids with 
another liquid, such as water, the extent of the solubility will depend 
considerably on the composition of the phase which is in equilibrium 
with the water-rich phase. The solubility of one pure liquid in 
another cannot be determined directly, as can the solubility of a 
solid in a liquid. Langmuir (Colloid Symposium Monograph, 1925, 
3, 62) has applied his theory of ‘‘ independent surface action ”’ to the 
case of mutual liquid solubility, and, making use of Boltzmann’s 
equation, has derived the formule 
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The subscripts 1 and 2 refer to the two liquid phases concerned. 
A and B are the mol. fractions, and « and 8 the surface fractions of 
the two liquid components; S, and Sz are their molecular surfaces; 
k is Boltzmann’s constant, and 7’ the absolute temperature. The 
symbol ¢ is a function of the partial interfacial surface tensions 
exerted between the various groups in the molecules of the liquids, 
and should give the same value in both equations, i.e., if calculated 
from the distribution of either component in phases 1 and 2. The 
distribution of A between the two phases will be markedly affected 
by the relative distribution of B; this is covered by the term 
(8.2 — 8,7). The low values of A,/B, are accounted for by the 
relatively small surface area of the water molecule. In Table III 
the ratio ¢4/¢p is given for a few typical cases. This ratio should 
be equal to unity, and any deviation may be ascribed to effects such 
as hydration and association, which are not taken into account in 
the derivation of the formulz. It will be noticed that substances 
which give a high value for A,/B, give a very low value for this 
ratio, e.g., methyl ethyl ketone and ethyl ether, whereas benzoic acid 
and n-butyl alcohol, and to a less extent isobutyric acid, give a value 
greater than unity. Values less than unity would mean that water 
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has a smaller solubility in the second. component-rich phase than it 
theoretically should, and values greater than unity denote a too 
great concentration of water in this phase. Possibly these devi- 
ations may be due to hydrate formation, and subsequent distribution 
between the two layers: In the case of ethyl ether this hydrate 
may be distributed largely in the aqueous phase, whereas in the 
compound containing a hydroxyl group there would be a much more 
even distribution between the two phases. The calculations show 
that even in the case of n-butyl alcohol the very great disparity in 
the solubility of the two components in one another (S, and S;) 
is largely accounted for on this theory by the difference in the 
molecular surface extents, 


The System n-Butyl Alcohol—Acetone—Water. 


Since the binary solubility curve has only one maximum of mutual 
insolubility, it was of interest to determine the effect of a third com- 
ponent that would act as a mutual solvent. For this purpose 
acetone was chosen, and the ternary system was studied in sufficient 
detail to construct the complete binodal surface, from the binary 
0.8.7. at 124-74° down to —15°. 

The acetone used for these determinations was A.R. material 
(B.D.H.). It was purified as described by Reilly and Ralph (loc. 
cit.), and redistilled several times through a six-foot fractionating 
column of the type described by Clarke and Rahrs (J. Ind. Eng. 
Chem., 1923, 15, 349). It had b. p. 56-3°/760 mm. Thé method 
adopted was as follows: Mixtures of n-butyl alcohol with various 
proportions of acetone were made up by weight, and the solubility 
curve of each of these mixtures with water was determined by the 
synthetic method; the curves thus obtained are shown in Fig. 1 
(curves 2 to 5), the abscisse representing the percentage by weight 
of the acetone-n-butyl alcohol mixture. The actual values obtained 
are given in Table IV. From these curves the binodal curves for 
the system can be constructed as on the triangular diagram in 
Fig. 2. This is done in the following way : Table V shows the mis- 
cibility concentrations read from the curves 2 to 5 in Fig. 1, at the 
various temperatures indicated. Thus when the mixture contained 
9-07°% of acetone, from curve 2 are read the miscibility concentrations 
at 25°, i.e., 7°9% and 75% of the mixture. The water present is 
therefore 92-1% and 25% respectively. In the ternary diagram 
(Fig. 2), all systems composed of the 9-07% mixture and varying 
proportions of water will lie on the line joining the water apex to the 
point X representing the composition 9-07% acetone, 90-93% 
n-butyl alcohol. At 25° the two miscibility points will lie on the 
intersection of this line and the lines LM and NO parallel to the 





810 JONES: THE SYSTEMS ”-BUTYL ALCOHOL—WATER 


base and representing 92-1°%, and 25%, of water respectively; « and 
8 therefore represent two points on the binodal curve for 25°. 
Each mixture will give two such other points and thus the isotherm 
can be plotted. Fig. 2 shows the isotherms for five chosen tem- 
peratures. KK’ is the critical curve. This method provides a 
very simple and accurate method for plotting the binodal curves 
at any desired temperature. The binodal curve at 20° is in good 
agreement with the determination of Reilly and Ralph (ioc. cit.) 
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TABLE IV. 


9-07% Acetone 17-99% Acetone 29-63% Acetone 37-72% Acetone 
in n-butyl, in n-butyl in n-butyl in n-butyl 
alcohol. alcohol. alcohol. alcohol. 

% Mix- % Mix- % Mix- % Mix- 
ture. Temp. ture. Temp. ture. Temp. ture. Temp. 
7-82 748° u 9-15 73-8°u 11:13 67-:10°u 13-54 54-5°u 
app. 30-0 26-1 23-01 1 23-5 
10-73 98-7 13-16 95-5 12-32 74:85 uw 14:34 58-7 
—4-0 —3-2 125 I 15-0 
13-56 107-5 17-25 100-8 13-19 766 wu 18-83 63-7 
—14-0 — 12-0 7-4 
14:09 108-3 24:80 101-6 16-17 81-8 
—15-0 —8-6 
16-71 111-6 32°57 97-653 19-68 82-9 23-55 58: 
below — 20-0 below — 19 
18-57 113-1 34:69 96-7512 21-01 83-85 31-71 21-2 
24-46 114-15 39°22 94-31 25°84 79°35 35:52 —7-03 
31-59 112-913 44-43 91-1 28:99 75-1 
32-47 112-912 54:02 80-85 37-52 60-75 
44-98 109-7 57°55 74-2 38-31 58-1512 
51-19 106-1 62°30 45-1 42:16 46-45 
57-25 98-9 65-0 —5-2 43:54 39-40 
65-66 81-7 45-47 7°65 
71-20 58-4 46-60 — 11-00 
73°15 43-0 
75-70 —10-0 
1 Critical phenomena very distinct. 2 Very close to equal volumes. 
* Lower layer greater. 
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with the exception of the portion representing the high concentra- 
tions of water. The actual composition of the ternary mixtures at 
each point represented on Fig. 2 is given in Table V. 


TABLE V. 


*, Acetone T = —15°, T = 25°. T = 50°. T = 75°. T = 100° 

in mix- 

ture used. % % % % % % % % % % 
Water 191 87-9 20-16 938 22:53 94-0 26:30 93-78 33-60 91-33 
Acetone 0 0 .. = 0 oO 0 oO 0 oO 
n-C,H,0 80:9 121 7984 62 77-47 60 73-70 622 664 8-67 
Water 240 86-0 25- 92-1 27-6 92-4 82-4 92:18 43:5 89-05 
Acetone 6-89 1-27 0-72 657 0-69 6-13 0-71 5-12 0-99 
n-C,H,,0 69-10 12-73 718 65:83 691 61-47 7-10 51:38 9-96 
Water 34:9 83-9 90-85 38:45 91-4 42-75 908 71-57 84-64 
Acetone 11-71 2-90 1-65 11-08 1:55 10-30 1:66 512 276 
n-C,H 0 53-39 13-20 7-50 50-47 7:05 4695 7-54 23-31 12-60 
Water 54-0 82-2 88-87 588 89-24 71-01 86-81 
Acetone 13°63 5-27 3-30 12:21 3-19 8-59 3-91 
n-C,H,,0 32-37 12-53 7°83 28:99 7:57 20-40 9-28 
Water 64-1 80°5 S 86°52 74-02 86-68 
Acetone 13°54 7-35 “ 5-08 9-80 5-02 
n-C,H,,0 22-36 12-15 ° 840 16:18 8-30 


“Sree 
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From the projections of the various binodal curves in Fig. 2, the 
effect of acetone at the various temperatures can be visualised. 
The isotherms cross one another only in the small region at the left- 
hand side of the diagram, representing the systems containing a 
high percentage of water. Only systems having a composition 
within this region would show a lower miscibility point above —15°, 
and points in this area are far removed from the critical region. 
The —15° and 25° isotherms cut at the point Y, represénting a 
system having the composition 78% water, 9% acetone, and 13% 
n-butyl alcohol. 

The acetone behaves as would be expected of a third component 
that acts purely as a mutual solvent for the other two. It becomes 
increasingly more effective as its concentration in the system 
increases, so that the critical line falls quite slowly from the binary 
C.S.T., and then curves and falls increasingly steeply down to 
—15°. Except in the small region mentioned above, a fall of tem- 
perature is always accompanied by a decrease of solubility. This 
is shown also by the various vertical sections of the binodal surface 
that are represented by the curves 2 to 5 in Fig. 1, i.e., no addition 
of acetone produces a maximum on that portion of the solubility 
curve representing saturated solutions rich in n-butyl alcohol. 
Thus, as shown on Fig. 1, curve 5, even when the upper C.S.7'. has 
fallen below —15° there is no maximum on the right-hand arm of 
the curve. No solubility ring is produced which possesses critical 
points. 

It must be concluded either that the binary solubility curve has 
no lower metastable C.S.7'. and the complete solubility ring cannot 
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be assumed present in the system, or that such a lower C.S.T. is at 
an extremely low temperature. 

Other mutual solvents, such ias ethyl alcohol and ‘acetic acid, 
were examined qualitatively, and gave the same results as did 
acetone. No complete solubility ring was formed, and only one 
maximum of mutual insolubility was present on the arm of the 
curve representing the phase rich in water, even with the highest 
concentrations of the third component. It has been shown, how. 
ever (Orton and Jones, loc. cit.), that. hydrochloric acid as a third 
component would produce a complete ring containing an upper and 
a lower C.S.T. It seems very probable that this is an effect due, not 
to the mutual solvent action of the third component, but rather to 











2% 3% 


Third component, %. 


its chemical combination with the other two components of the 
system. Hydrobromic and hydriodic acids act similarly, although 
higher concentrations are required to produce the same C..S.7’.’s. 


Comparison of Effects of Typical Impurities on the Binary C.S.1. 
and the Ternary C.S.T. with Hydrochloric Acid. 


Table VI collates the results, which are also shown graphically 
in Fig. 3. 

It will be seen that the ternary C.S.7'. is extremely sensitive to 
typical impurities in the alcohol, e.g., 1% of acetone produces 4 
decrease of approximately 20° in the upper ternary O.8.7., and of 
only 1-14° in the binary C.S.T7.; the results for 1% petroleum show 
an increase of approximately 19° and 5°, respectively. The figures 
given show plainly that a binary C.S.7'. cannot be regarded as 4 
trustworthy criterion of the purity of a liquid. Only for certain 
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TaBLeE VI. 
Comparison of the effect of impurities on the ternary and binary 
C.S.T.’s. 
Binary C.S.7. 





% Acetone 0 0-262 0-437 0575 0 92 9-07 1802 2053 37-73 

C8.7.u 41-90° 88-40" 35-35° 32-60° 124-75° 122-72" 112-90° 9675" BBs? S15" 
1 11-84 15:25 18:25 21-00 

% Petro- 

leum =O 0-377 0-799 0-310 0-581 1-405 

0.8.7. u 41-90° 49-96° 57-10° 12¢-75° 126-85" 128-10" 132-92" 
1 1184 445 0-36 
% EtOH 0 0-238 0-629 0 0-927 378 23:8 
(8.7. % 41-90° 38-45° 33-65° 124-75° 123-30° 118-40° 74-70° 
11-84 15-10 19-10 
% Toluene 0 0-142 0316 0-508 0 1-406 2 
(8.7. u 41-90° 45°75° 48-45° 51-55° 124-75° 129-63° 133-55° 
1 1184 810 545 = — 

The petroleum hed, b. p. 171—175°; purification of this specimen is described by Jones and 
Betts (loc. cit., p. 1179). 

tte oper CS. i = Lower C.S.T. 
impurities in certain particular liquid pairs do we find this property 
valuable in this connexion, and then it is frequently of great sen- 
sitiveness. Ternary C.S.7'.’s are of much more general use for this 
purpose. 

The results show that the specimen of n-butyl alcohol used in 
this work was of a high degree of purity. In fact the criterion of 
purity used was much more sensitive than was necessary for the 
determination of the binary C.S.7'. constants of the n-butyl alcohol. 


East. Lonpon COLLEGE, 
UNIVERSITY OF LONDON. — [Received, January 30th, 1929.] 


NOTES. 


9.Benzhydrylanthrone and isoDianthranyl. By EDWARD DE BaRRY 
BARNETT and NorRMAN FREDERICK GOODWAY. 


).Benzhydrylanthrone.—Anthrone (8 g.), potassium hydroxide 
(100 c.c. of 25% solution), and crude benzhydryl chloride (20 c.c.) 
were boiled (about 20 minutes) until the colour of the solution became 
: it was found to be inadvisable to carry the heating beyond 
The product was cooled, washed with water, triturated 

with ether, and recrystallised from glacial acetic acid and from 
benzene-light petroleum; it was then colourless and melted at 
188—189° (Found: C, 89-9; H, 5:7. C,,Hy 0 requires C, 90-0; 
H, 55%). This benzhydrylanthrone, when heated on the water- 
bath with pyridine and acetic anhydride, yielded 9-benzhydryl- 
aithranyl acetate which, after recrystallisation from glacial acetic 
wid, melted at 234—235°, and not at 228—229° as stated by 

FF 
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Padova (Compt. rend., 1909, 149, 219; Ann. Chim., 1910, 19, 393), 
who obtained it by boiling diphenylmethyleneanthrone with zinc 
dust, sodium acetate, and acetic anhydride. 

isoDianthranyl.—Benzhydrylanthrone (10 g.) and zine dust 
(20 g.) were boiled with 100 c.c. of glacial acetic acid and 20 c.c. of 
concentrated hydrochloric acid, added during 45 minutes. After 
boiling for a further period of one hour, the hot solution was filtered 
and the crystals which separated on cooling were recrystallised 
twice from glacial acetic acid containing a little hydrochloric acid 
and twice from toluene. The pale yellow, crystalline product 
melted at 312° after some decomposition at about 308° (Found : 
C, 94-8; H, 5-2. Cale. for C,,H,,: C, 94-9; H,5-1%). The acetic 
acid liquor from the above preparation contained diphenylmethane. 

This isodianthrany] is quite different from the colourless dian- 
thranyl (m. p. above 360°) obtained by Barnett and Matthews (J., 
1923, 123, 380) by the reduction of anthrone, but is probably iden- 
tical with the dianthranyl (m. p. 300°) described by Schulze (Ber., 
1885, 18, 3034), Liebermann, and Gimbel (Ber., 1887, 20, 1854) and 
Eckert and Hofmann (Monatsh., 1915, 36, 497). It is remarkable 
that neither Barnett and Matthews (loc. cit.) nor Schlenk (Annalen, 
1928, 463, 165) has been able to obtain the product described by 
the above workers, although Schlenk (loc. cit.) obtained a dianthrany], 
m. p. 304°, by. the, action of sodiodiphenylmethane on 9-bromo- 
anthracene. Schlenk’s product is probably identical with that 
described above, his analytical figures suggesting that his specimen 
was not quite’ pure. He attributes the isomerism to the presence 
of two different types of anthracene complex due to the non-coplanar 
nature of the anthracene ring system (compare Bergmann and 
Mark, Ber., 1929, 62, 750).—Sim Jonn Cass Trecunicat InstitvTt, 
Lonpon, E.C.3. [Received, March 2nd, 1929.] 





Preparation of o-Nitroacetophenone. By Wi11am Ogitvy Ker- 
MACK and JaMES FERGUS SMITH. 


THE preparation of o-nitroacetophenone from ethyl o-nitrobenzoyl- 
acetoacetate (Needham and Perkin, J., 1904, 85, 151) through 
o-nitrobenzoylacetic acid is tedious, and the yield is unsatisfactory. 

o-Nitroacetophenone was obtained by Gevekoht (Annalen, 1883, 
221, 323) by refluxing ethyl o-nitrobenzoylacetoacetate with five 
times its volume of dilute sulphuric acid (1 part of concentrated 
acid and 2 parts of water), a small quantity of o-nitrobenzoylacetone 
being formed as a by-product. 

In attempts to obtain o-nitroacetophenone by Gevekoht’s method, 
50%, 36%, and 28% (by weight) acid being used, the yields of o-nitro- 
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acetophenone and o-nitrobenzoylacetone were 27% and 52%, 22% 
and 68%, and 16% and 70%, respectively, of the theoretical. 
It would seem from the above that; when ethyl o-nitrobenzoyl- 
acetoacetate is heated with dilute sulphuric acid, hydrolysis of the 
ester group and elimination of earbon dioxide take place primarily ; 
the acetyl group in the resulting o-nitrobenzoylacetone not being 
readily susceptible to hydrolysis, o-nitroacetophenone is not obtained 
to any great extent. 

It was obviously essential to remove the acetyl group before 
hydrolysis of the ester group took place. This was achieved by 
refluxing for 7 hours an alcoholic solution of the ester containing 
10% by weight of sulphuric acid, the acetyl group being removed as 
ethyl acetate. An amount of water equal to the volume of alcohol 
used was then added, and the whole distilled until the liquid had 
been reduced to its original volume; the ethyl acetate and the bulk 
of alcohol were thus removed. The residue was refluxed for about 
an hour and cooled, and the o-nitroacetophenone extracted in ether. 
The extract. yielded practically nothing to dilute alkali solution, 
showing that very little, if any, o-nitrobenzoylacetone had been 
formed. The yield of o-nitroacetophenone (redistilled) exceeded 
75% of the theoretical. Results almost as good were obtained 
when the fission of the acetyl group was carried out by a 50% 
aqueous-alcoholic solution containing 10% of sulphuric acid. 

It is difficult to explain the fact that Gevekoht, using aqueous 
sulphuric acid, obtained o-nitroacetophenone as his main product. 
It is possible that some alcohol may have been present. The 
method here described, in which hydrolysis is carried out by 
alcoholic sulphuric acid, may prove of use in other cases where it 
is desired to eliminate an acetyl group without removal of a carboxyl 
group. 

Part of the cost of the above experiments was defrayed by,a 
grant from the Research Fund of the Chemical Society.—REsEARCH 
LaBsoraTORY, Royant CoLLe@k oF Pxysicians, EDINBURGH. 
(Received, March 4th, 1929.] 





The Stability of Diazonium Salts of the Triazole Series. By JosuPH 
Remy and Denis MapDEN. 


Tue rate of decomposition of diazonium salts of the pyrazole and 
pyrazolone series obeys approximately the unimolecular law (J., 
1925, 427, 2936). The decomposition of triazolediazonium salts is 
more rapid and at least two reactions are proceeding simultaneously. 
Substitution of alkyl groups tends towards stabilisation, which is also 
influenced by the nature of the alkyl group; ¢.g., the isobutyl 
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Padova (Compt. rend., 1909, 449, 219; Ann. Chim., 1910, 19, 393), 
who obtained it by boiling diphenylmethyleneanthrone with zinc 
dust, sodium acetate, and acetic anhydride. 

isoDianthranyl.—Benzhydrylanthrone (10 g.) and zinc dust 
(20 g.) were boiled with 100 c.c. of glacial acetic acid and 20 c.c. of 
concentrated hydrochloric acid, added during 45 minutes. After 
boiling for a further period of one hour, the hot solution was filtered 
and the crystals which separated on cooling were recrystallised 
twice from glacial acetic acid containing a little hydrochloric acid 
and twice from toluene. The pale yellow, crystalline product 
melted at 312° after some decomposition at about 308° (Found : 
C, 94-8; H, 5-2. Cale. for C,,H,,: C, 94:9; H,5-1%). The acetic 
acid liquor from the above preparation contained diphenylmethane. 

This isodianthranyl is quite different from the colourless dian- 
thranyl (m. p. above 360°) obtained by Barnett and Matthews (J., 
1923, 123, 380) by the reduction of anthrone, but is probably iden- 
tical with the dianthranyl (m. p. 300°) described by Schulze (Ber., 
1885, 18, 3034), Liebermann and Gimbel (Ber., 1887,,20, 1854) and 
Eckert and Hofmann (Monatsh., 1915, 36, 497). It is remarkable 
that neither Barnett and Matthews (loc. cit.) nor Schlenk (Annalen, 
1928, 463, 165) has been able to obtain the product described by 
the above workers, although Schlenk (loc. cit.) obtained a dianthrany], 
m. p. 304°, by the, action of sodiodiphenylmethane on 9-bromo- 
anthracene. Schlenk’s product is probably identical with that 
described above, his analytical figures suggesting that his specimen 
was not quite pure. He attributes the isomerism to the presence 
of two different types of anthracene complex due to the non-coplanar 
nature of the anthracene ring system (compare Bergmann and 
Mark, Ber., 1929, 62, 750).—Sim Jonn Cass Trecunicay InstitvTt, 
Lonpon, E.C.3. (Received, March 2nd, 1929.] 





Preparation of o-Nitroacetophenon-. By Wit11am Ogitvy Ker- 
MACK and JaMES FERGUS SMITH. 
THE preparation of o-nitroacetophenone from ethyl o-nitrobenzoyl- 
acetoacetate (Needham and Perkin, J., 1904, 85, 151) through 
o-nitrobenzoylacetic acid is tedious, and the yield is unsatisfactory. 
o-Nitroacetophenone was obtained by Gevekoht (Annalen, 1883, 
221, 323) by refluxing ethyl o-nitrobenzoylacetoacetate with five 
times its volume of dilute sulphuric acid (1 part of concentrated 
acid and 2 parts of water), a small quantity of o-nitrobenzoylacetone 
being formed as a by-product. 
In attempts to obtain o-nitroacetophenone by Gevekoht’s method, 
50%, 36%, and 28% (by weight) acid being used, the yields of o-nitro- 
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acetophenone and o-nitrobenzoylacetone were 27% and 52%, 22% 
and 68%, and 16% and 70%, respectively, of the theoretical. 
It would seem from the above that; when ethyl o-nitrobenzoyl- 
acetoacetate is heated with dilute sulphuric acid, hydrolysis of the 
ester group and elimination of earbon dioxide take place primarily ; 
the acetyl group in the resulting o-nitrobenzoylacetone not being 
readily susceptible to hydrolysis, o-nitroacetophenone is not obtained 
to any great extent. 

It was obviously essential to remove the acetyl group before 
hydrolysis of the ester group took place. This was achieved by 
refluxing for 7 hours an alcoholic solution of the ester containing 
10% by weight of sulphuric acid, the acetyl group being removed as 
ethyl acetate. An amount of water equal to the volume of alcohol 
used was then added, and the whole distilled until the liquid had 
been reduced to its original volume; the ethyl acetate and the bulk 
of alcohol were thus removed. The residue was refluxed for about 
an hour and cooled, and the o-nitroacetophenone extracted in ether. 
The extract. yielded practically nothing to dilute alkali solution, 
showing that very little, if any, o-nitrobenzoylacetone had been 
formed. .The yield of o-nitroacetophenone (redistilled) exceeded 
75% of the theoretical. Results almost as good were obtained 
when the fission of the acetyl group was carried out by a 50% 
aqueous-alcoholic solution containing 10% of sulphuric acid. 

It is difficult to explain the fact that Gevekoht, using aqueous 
sulphuric acid, obtained o-nitroacetophenone as his main product. 
It is possible that some alcohol may have been present. The 
method here described, in which hydrolysis is carried out by 
alcoholic sulphuric acid, may prove of use in other cases where it 
is desired to eliminate an acetyl group without removal of a carboxyl 
group. 

Part of the cost of the above experiments was defrayed by, a 
grant from the Research Fund of the Chemical Society.—R&SEARCH 
LABORATORY, RoyaL CoLLEGE oF Puysicians, EpDINBURGH. 
[Received, March 4th, 1929.] 





The Stability of Diazonium Salts of the Triazole Series. By Josmrx 
Remity and Denis MADDEN. 


Tue rate of decomposition of diazonium salts of the pyrazole and 
pyrazolone series obeys approximately the unimolecular law (J., 
1925, 127, 2936). The decomposition of triazolediazonium salts is 
more rapid and at least two reactions are proceeding simultaneously. 
Substitution of alkyl groups tends towards stabilisation, which is also 
influenced by the nature of the alkyl group; e¢.g., the isobutyl 
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derivative decomposes more slowly than the corresponding methy)- 
triazolediazonium salt under similar conditions. The nature of the 
anion and the amount of acid present also influence the stability. 
The comparative stability may be judged from the following table, 
which gives the c.c. of gas evolved from 0-002 g.-mol. of the various 
triazoles at 55° in presence of 6 mols. of acid. 

15 Mins. 30 Mins. 


a, Se 
Nitrate. Chloride. Nitrate. Chloride. 
5-Amino-] : 2 : 4-triazole 22-0 27-7 26-8 33:1 
5-Amino-3-methyl-1 : 2: 4-triazole... 19-5 22-1 23-2 28-4 
5-Amino-3-ethyl-1 : 2: 4-triazole ... 19-0 22-0 23-0 30-8 
5-Amino-3-isopropyl-1 : 2: 4-triazole 18-1 19-4 23-6 26-8 
8: Amino-3-taobuty -1: 2: 4-triazole 13-1 16-6 19-2 26-1 
5-Amino-3-ethyl-1 : 2 : 4-triazole Nitrate—Aminoguanidine nitrate 
(25 g.) was gently heated under reflux with 20 g. of propionic acid and 
a few c.c. of water for 24 hours. An aqueous solution of the product 
was made faintly alkaline with potassium carbonate and evaporated 
to dryness. An ethyl acetate extract of the residue, on treatment 
with concentrated nitric acid, yielded 5-amino-3-ethyl-1 : 2 : 4-tri- 
azole nitrate (17 g.), m. p. 167° after recrystallisation from warm 
ethyl acetate-ethyl alcohol (Found: N, 40-15. C,H,N,,HNO, 
requires N, 40-0%). The nitrate dissolved readily in hot water and 
hot ethyl alcohol. 
5-Amino-3-ethyl-1 : 2 : 4-triazole crystallised from ethyl acetate 
had m. p. 152° (Found : N, 49-7. C,H,N, requires N, 50-0%). 
3-Ethyl-1 : 2 : 4-triazole-5-azo-8-naphthylamine crystallised from 
ethyl alcohol in bright red needles, m. p. 259° after darkening at 
242° (Found: N, 31-7. C,,H,,N, requires N, 31:6%). 3-Ethyl- 
1 : 2 ; 4-triazole-5-azo-8-naphthol crystallised from ethyl alcohol in 
orange-red needles, m. p. 180—181° (Found: N, 26-4. C,,H,,ON, 
requires N, 26-2%). 3-Hthyl-1 : 2 : 4 - triazole - 5 - azoacetylacetone, 
obtained as a yellow precipitate when sodium acetate was added to 
a solution of the diazonium salt and acetylacetone, melted at 236° 
after recrystallisation from ethyl alcohol (Found: N, 31:2. 
CyH,,;0,N, requires N, 31:4%). 5-Diazo-3-ethyl-1 : 2 : 4-triazole 
chloroaurate readily decomposed when heated (Found: Au, 45-4. 
2C,H,N,Cl,Au,H,O requires Au, 45-5%). 
5-Amino-3-isobutyl-1 : 2.: 4-triazole nitrate, prepared by heating 
20 g. of isovaleric acid (b. p. 173—174°) and 20 g. of aminoguanidine 
nitrate for several hours, and isolated (16 g.) in the same way as the 
ethyl homologue, crystallised from hot ethyl acetate-ethy] alcohol 
in silvery needles, m. p. 171° (Found: N, 34-6. C,H,.N,,HNO, 
requires N, 34-5%).—Universiry CotitecE, Cork. [Received, 
December 14th, 1928. } 
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HELD IN THE UNIVERSITY OF LEEDS 
ON 
THurRspDAY, Marcu 21st, 1929, at 3.15 p.m. 


THE President, Professor J. F. THorpr, C.B.E., D.Sc., F.R.S., 
was in the Chair. 

The Report of the Council for 1928-1929, together with the 
Balance Sheets and Statements of Accounts for 1928, was pre- 
sented. In the absence of the ‘Treasurer, the PRESIDENT gave an 
account of the finances of the Society for the past year. The 
adoption of the report was proposed by Mr. Edward Hinks, seconded 
by Prof. C. K. Ingold, and carried. 


Report or Counciz, 1928-1929. 
I. Fellowship Statistics. 


In the last Report of Council it was stated that the number of 
new Fellows elected during 1927 was 80 below the average for the 
last ten years, and that the total number of Fellows at the end of 
1927 showed a decrease of 53 compared with the previous year. 
Concern at the position was expressed and an appeal made to 
Fellows to use their best endeavours to increase the membership. 
The Council has to report, however, that the diminution in member- 
ship has slightly increased this year. 

At December 3lst, 1927, the number of Fellows was 4040. 
During 1928, 203 Fellows were elected and 11 reinstated, making 
a gross total of 4254. The deaths recorded were 40, 135 Fellows 
resigned, and the names of 99 were removed for non-payment of 
annual subscriptions, as against 40, 103, and 110, respectively, the 
previous year. The losses, therefore, outnumber the elections by 
60. The total number of Fellows at December 31st, 1928, was 
3980, showing a decrease of 60. 

While the number of Fellows removed under Bye-law IV is 11 
less than last year, the resignations show an increase of 32. Not- 
withstanding an increase of 14 in the number of new Fellows, the 
elections still fall short by 68 of the average for the last ten years. 
The position causes anxiety and must be investigated by the Council. 

The Society has suffered the loss by death of one of its dis- 
tinguished Honorary Fellows, Professor Theodore W. Richards, who 
was elected in February, 1908. A memorial lecture in his honour is 
to be delivered before the Society by Sir Harold Hartley on April 
25th. The number of Honorary Fellows at the end of 1928 was 22. 
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Jubilee Fellows. 


The congratulations of the Society have been sent to Mr. Thomas 
Bolas, who, elected on March 18th, 1869, has completed his sixtieth 
year of Fellowship, and to the following, who have attained their 
Jubilee as Fellows : 

Thomas Herbert Norton 
William Arthur Harrison Na 
Samuel Anthony Goldschmidt 


Henry Russell ith 
William Jago 


(Note : These appear in the order of election.) 


II. Journal. 


The Journal for 1928 contains 3308 pages, of which 32164 pages 
are occupied by 438 memoirs (a record number) and 28 notes, the 
remaining 914 pages being devoted to Obituary Notices (31 pages), 
two Lectures (384 pages), and the Report of the Annual General 
Meeting and the Presidential Address (22 pages). The volume for 


1927 contains 414 memoirs and 28 notes, occupying 3096 pages. 

During 1928, 501 papers were offered to the Society for public- 
ation in the Journal; of these, 15 were declined. The corresponding 
numbers for 1927 are 485 and 23. The average interval between 
the dates of receipt and of publication of papers is 10-75 weeks for 
1928 and 10-5 weeks for 1927. 

The Council records its indebtedness to Fellows and others for 
their services to the Society in refereeing papers. 


Ill. Abstracts. 


The “ A ” Abstracts for 1928 contained 9456 abstracts occupying 
1408 pages, compared with the corresponding figures in 1927 of 
8010 and 1230, respectively. These comprised 4718 in General, 
Physical, and Inorganic Chemistry, 224 in Geochemistry, 2236 in 
Organic Chemistry, and 2268 in Biochemistry. The corresponding 
figures for 1927 were 4157, 80, 2095, and 1678. 

The increase, amounting to about 18 per cent., in the number 
of abstracts in the “‘A” Section is noteworthy. This is due to 
the greater amount of chemical literature published, and not to a 
general widening of scope of the subject matter abstracted. The 
average length of the abstracts was 0-30 of a column, the same as 
for 1927, and the Bureau considers that this average cannot usefully 
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be reduced. The cost per page has been reduced by more than 
two shillings following the adoption of the lighter paper for 


1928. 
Index. The Joint Annual Index for the Abstracts for 1927 


covered 514 pages, as compared with 430 pages for the 1926 Index. 
The cost of printing the Index was £1135 7s. 8d. and of the paper 
£247 88. ld. The printing of the 1928 Index has been entrusted to 
Messrs. Clay & Sons. It is satisfactory to note that the cost of 
setting the type has been reduced by 10 per cent. 

Status. The Bureau submitted a report on this matter to the 
Councils of the two Societies suggesting that provision should be 
made for regularising the Bureau as a joint Committee. The 
Societies agreed to make such alterations in their respective Bye-laws 
as were necessary for this purpose. 

Collective Index. The Bureau is considering the question of issuing 
a collective index to the Abstracts covering the period from 1923, 
and hopes to submit a report on the subject in due course. 


IV. Library. 


Excluding the evenings on which meetings of the Chemical 
Society were held, there were 8037 attendances during the past year 
as compared with 8002 in 1927. Of these, 5368. were made by 
Fellows of the Chemical Society, while 2669 were made by Members 
of Contributing Societies, as against 2594 in 1927. The number of 
books borrowed during 1928 was 5262, as against 5489 the previous 
year. Of these, 1337 were issued by post, as against 1381 in the 
preceding year. 

The additions to the Library comprise 281 books, of which 85 
were presented, 664 volumes of periodicals and 138 pamphlets, as 
against 286 books, 625 volumes of periodicals and 86 pamphlets last 
year. The total number of volumes added during the year was 945, 
showing an increase of 34. The Library now contains 32,832 volumes, 
consisting of 9,928 books and 22,904 bound volumes of periodicals. 

The Council expresses its gratitude to all those who have presented 
volumes to the Library during the year. 


V. General. 


The Arrhenius Memorial Lecture was delivered by Sir James 
Walker at the Royal Institution on Thursday, May 10th, and was 
published in the Journal (p. 1380). The first of the Liversidge 
Lectures, founded in accordance with the will of the late Professor 
Archibald Liversidge, was delivered on November 29th by Professor 
F. G. Donnan, who chose as his subject ‘‘ Physical Chemistry in the 
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Service of Biology.” Professor W. H. Perkin will deliver the first 
Pedler Lecture on May 30th, 1929, his subject being ‘‘ The Early 
History of the Synthesis of Closed Carbon Chains.”’ 

It was decided, as an experiment, to hold the Ordinary Scientific 
Meetings during May and June at 5.30 p.m. It was subsequently 
agreed that the meetings in the Session 1928-1929 should be held 
at the usual hour of 8 o’clock. 

The President represented the Society at the Celebrations in 
Madrid of the 25th Anniversary of the Sociedad Espaijiola di Fisica 
y Quimica, and presented an address of congratulation. The 
President was present at the luncheon given by the Faraday Society 
on November 9th, when its 25th Anniversary was celebrated, and at 
the Hauptversammlung of the Deutsche Bunsen Gesellschaft held in 
Munich in May. He also attended the Liebig—Wohler Celebrations at 
Darmstadt and Giessen on July 7th and 8th, presenting on behalf of 
the Society an address of congratulation. The Council sent for exhibi- 
tion at the Liebig-Wéhler Celebrations the portrait of Baron von 
Liebig presented to the Society by Mrs. Alec Tweedie, and has 
received the thanks of the German Chemical Society for the loan. 
A copy of the portrait, executed by Mr. G. A. Pownall, the cost of 
which has been met by private subscription, will be presented on 
behalf of the Council and Fellows to the German Chemical Society, 
which has expressed its willingness to receive the gift and its 
appreciation of the spirit which prompted the offer. 

Professor @. S. Gibson represented the Society at the Anniversary 
Dinner in Paris of the Société Chimique de France on June 2nd and 
at the Celebrations of the 25th Anniversary of the Nederlandsche 
Chemische Vereeniging held at The Hague in July. Professor W. P. 
Wynne was present as the Society’s delegate at the opening of the 
New Research Laboratories of the Safety in Mines Research Board 
at Sheffield on October 11th, and an address of congratulation was 
sent to the President and Members of the Mendeléeff Congress at 
Kazan in honour of the centenary of Butleroff. 

Professor G. Barger and Professor H. Bassett have been appointed 
to serve on the Organic and Inorganic Nomenclature Committees, 
respectively, of the International Union. 

At the Anniversary Dinner of the Society held on March 22nd, 
the Society was honoured by the presence of many distinguished 
guests, including the President of the International Union of Pure 
and Applied Chemistry, the Presidents of the Finnish, Swedish, and 
Swiss Chemical Societies, and the Ministers for Finland and Switzer- 
land. The Council has decided that the Annual General Meeting 
and Anniversary Dinner for 1929 shall be held in Leeds on March 
2ist. A local Committee has been formed to carry out arrange- 
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ments, of which Mr. H. 8. Patterson has agreed to act as Hon. 
Secretary. 

The Society was represented on the Bureau of Chemical Abstracts 
by Professor C. S. Gibson, Mr. A. J. Greenaway, Dr. J. T. Hewitt, 
Professor G. T. Morgan, and the Treasurer, and on the Federal 
Council of Pure and Applied Chemistry by the President, Professor 
¢. 8. Gibson, and Sir William J. Pope. 

The financial arrangements made in 1923 regarding the Journal 
of Physical Chemistry came to an end on December 31st, 1928. 
The Council was informed in June that the Chemical Foundation 
had agreed to subscribe towards the cost of publication the sum 
of $5,000 annually for four years as from January Ist, 1929, thus 
enabling the Editorial Board to continue publishing the Journal as 
heretofore. Professor James Kendall has been appointed to repre- 
sent the Society on the British Editorial Board in the place of 
Dr. T. Slater Price, who has retired. During 1928, the British 
members of the Editorial Board received 19 papers, of which 7 
have been published, 8 await publication, 2 are under consideration, 
and 2 have been declined. Fifteen reviews of books have also been 
prepared. . 

The Society has received from Professor H. E. Armstrong a 
photograph of a group of chemists; from Professor H. B. Dixon 
a photograph of a group of chemists taken on the occasion of the 
British Association Meeting in Oxford in 1894; from Lady Tilden 
various framed photographs; and from Miss Florence E. Watts 
an engraving of Mendeléeff, formerly the property of the late Sir 
Edward Thorpe; also from Dr. O. Rosenheim two manuscript 
letters by Baron von Liebig, and from Mr. F. W. Hodges two 
manuscript letters by Bunsen and Faraday. The collection of 
Medals has been increased by the Liebig—Woéhler Medals received 
from the President, the Scheele and Berzelius Medals from Miss 
Florence E. Watts, and the Pasteur Medal from Dr. E. W. Maddison. 
The Society has also received gifts of its publications from Professor 
G. G. Henderson and Mr. J. I. Watts. The Council has expressed 
its thanks to these donors. 

Volume XX’V of the Annual Reports (1928), besides dealing with 
the usual subjects, contains a special report on Catalysis. The 
subject of Stereochemistry has been dealt with sectionally instead 
of being written by one Reporter as was done last year. 

The publication of a list of Physico-Chemical Symbols has been 
considered, and it has been decided to take no action pending the 
receipt of a report from the International Union, which has agreed 
to consider the matter at the first favourable opportunity. The 
question of preparing a Table of Atomic Weights has also been 

FF2 
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undertaken by a special committee, and a Table, together with a 
report containing a reasoned statement for the accepted values, 
has been published in the Journal (January, 1929). This table was 
included in Vol. XXV of the Annual Reports and is also published 
separately on cards which can be obtained from the Assistant 
Secretary (price 2d. each, or ls. 6d. per dozen). 

As stated in the last Report of Council, the question of revising 
the Bye-Laws was referred to a Committee. The final report of this 
Committee was received and adopted by the Council on June 21st, 
and at an Extraordinary General Meeting on October 18th, the 
alterations and additions proposed were approved. The revised 
Bye-Laws were issued to Fellows in January, 1929, and a brief 
explanation of the significance of the alterations and additions 
appeared in the Proceedings for October. 

The first of the volumes of special lectures which have been 
delivered before the Society since its foundation in 1841 contained 
the Faraday Lectures given between 1869 and 1927. It was pub. 
lished in October, and can be obtained by Fellows at 5s, 6d., post 
free. Fellows are reminded that this Volume, which can also be 
obtained in paper covers, and Volumes I and II of the Memorial 
Lectures (price 9s. and 7s. each, respectively) are suitable for pre- 
sentation as prizes. 

The Annual Chemical Dinner, in which the Society co-operated, 
was held on Friday, November 9th, the principal guest of the 
evening being the Rt. Hon. W. G. A. Ormsby-Gore, M.P., Under- 
Secretary of State for the Colonies. There was present a large and 
representative gathering of chemists. 

The Chemical Club, the members of which dine together at 
6.30 p.m. on Council meeting days, has met nine times during 1928. 

At the Ordinary Scientific Meeting on June 21st, the President 
made a presentation to Mr. F. W. Clifford of two cheques, one from 
the Council and one from Fellows, together with a clock, and a book 
containing the signatures of those Fellows who had contributed, to 
mark the completion of his 25th year as Librarian. 

The Council records its thanks to those who have delivered 
lectures before the Society, to Fellows and others who have pre- 
pared obituary notices, to the authors of the Annual Reports for 
1928, and to the Committee on Atomic Weights. 


VI. Research Fund. 


Sixty-one applications for Research Grants were received from 
Fellows during 1928, asking for £719 10s. and two from non-Fellows, 
asking for £29 10s. Grants amounting to £626 in all were awarded. 
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VU. Financial. 


This year the Accounts appearin a somewhat simplified form 
compared with that adopted in previous years. All income and 
expenditure on account of the publications of the Society have 
been transferred to the Publications Fund Account, from which it 
can now be seen at once what has been the gross and net cost to 
the Society of the publications for the past year. 

The Income of the Society has decreased by £126 Os. 8d., and the 
expenditure has increased by £75 8s. 4d. 

General Purposes Account.. The main causes for the decreased 
income are to be found in the Annual Subscriptions, which are £81 8s. 
less, and in the investments, which have yielded £43 12s. 3d. less. 

The Administration Expenses are less by £49 lls. 9d. There are 
slight increases in salaries and wages, amounting to £26 0s. 11d. and 
£50 has been spent in the preparation of an inventory. There is 
a saving of £68 18s. 4d. on house expenses, coal, and furniture, and 
of £14 88. 8d. on postages, miscellaneous printing and stationery. 
The sum transferred to Publications Fund Account to meet the cost 
of publications is £112 Is. 10d. in excess of that last year and the 
contribution to the Library is greater by £49 8s. 

Publications Fund Account. Disregarding in the income account 
the sums of £3217 18s. 7d. for 1927 and £220 3s. 1ld. for 1928, 
which have been capitalised, and the sums transferred frofa General 
Purposes Account, the income for 1928 exceeds that for 1927 by 
£27 7s. 7d. The sales of publications and income from advertise- 
ments show an increase of £120 10s. 9d.; on the other hand, the 
investments yielded £73 15s. 2d. less. 

Journal. The total expenditure on account of the Journal shows 
a decrease of £135 11s. 6d. compared with that of the previous year. 
The. expenditure on account of printing the Journal for 1928 is 
increased by £83 19s. 10d., due to there being 212 more pages than 
in 1927. The cost of paper was £544 9s. 7d. as against £701 18s. 5d. 
in 1927; the saving of £157 10s. 10d. has been due to the use of 
a lighter paper. 

Abstracts. The Abstracts this year have cost £384 10s. 11d. more 
than in 1927. Abstractors’ Fees account for £179 10s. 1d. of this. 
The charge for printing is up by £196, owing to an increase 
of 178 in the number of pages. The expenditure of £629 14s. 7d. on 
paper in 1928, as against £565 7s. Od. in 1927, covers fifteen months’ 
supply. The cost of the paper actually used in the Abstracts 
(including Index) was approximately £468, so that the introduction 
of the lighter paper has meant a saving of about £97, in spite of the 
increase in the number of pages. 
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Distribution. The measure of economy adopted by the Council 
in using a lighter paper has also enabled a saving of £212 6s. 5d. to 
be made in distribution charges for the Journal and Abstracts. 

Library. The donations received from contributing Societies 
exceed those for the previous year by £10 10s., but owing to an 
increase in the sum spent on books and binding, the contribution 
from the general funds of the Society is £49 8s. more than in 1927. 

Income Tax. In the last Report of Council, it was stated that 
the Board of Inland Revenue was unable to refund Income Tax paid 
on the Society’s investments pending the decision of the High Court 
on two societies chosen as test cases. These cases were heard in 
June and decisions were given against the two Societies concerned. 
The Council is glad to report, however, that as a result of energetic 
representations, both in writing and personal interview, made by 
the President, the Treasurer, and Mr. W. B. Keen, the Council has 
been informed by the Board of Inland Revenue that the claim of 
the Chemical Society for exemption from Income Tax as a body 
established for charitable purposes only has been admitted. 

General. A contributicn of £50 has been made towards the 
expenses of the Federal Council for 1928, £10 to the Seventh 
International Congress of Photography, and £5 to the New 
International Association for Testing Materials. 

The thanks of the Council have been conveyed to the Royal 
Society for the sum of £350 received from the Government Public- 
ations Grant towards the cost of the Society’s publications for 1928. 
The Council is also gratified to report that it received during the 
year a donation of £100 to the Publications Fund from Imperial 
Chemical Industries, Ltd. 

The insurances on the fixtures, fittings, and books in the Society’s 
rooms have been carefully revised and the necessary alterations 
made. 

The Council has decided that the Society shall act as its own 
Publisher as from January Ist, 1929. The Council takes this 
opportunity of expressing its appreciation of the services rendered 
to the Society by Messrs. Gurney & Jackson, who have acted as 
its Publishers for many years. 


A vote of thanks to the Auditors (Dr. G. W. Monier-Williams, 
Dr. O. L. Brady, and Dr. A. E. Dunstan), which was proposed by 
Mr. M. P. AppLEBEY, and seconded by Dr. H. McCompig, was 
carried. On the proposal of Prof. J. W. Cops, seconded by Prof. 
A. Finptay, Dr. O. L. Brady, Dr. A. E. Dunstan, and Dr. P. Haas 
were elected Auditors to audit the Accounts of the Society for 
1929. 
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Prof .W. P. Wynn proposed a vote of thanks to the Treasurer, 
Secretaries, Foreign Secretary, Council and Committees for their 
services during the past year. This, which was seconded by Mr. 
F. P. Dunn, and carried, was acknowledged by Prof. R. Roprnson. 

The report on the election to vacancies on the Council for the 
year 1929—1930 was read as follows : : 


Vice-President who has filled the office of President —W. P. Wynne. 

Vice-Presidents who have not filled the office of President.—T. A. 
Henry and Emile 8. Mond. 

Ordinary Members of Council (Country Members).—G. M. Bennett, 
J. A. Cranston, W. E. Garner, and J. I. O. Masson. 


A vote of thanks to the Scrutators (Mr. W. M. Colles and Mr. 
D. C. Jones) was proposed by Prof. F. M. Rowsz, seconded by 
Prof. C. 8. Gipson and carried. 

After tea, the company reassembled in the Great Hall of the 
University, where the Society was officially welcomed by the Vice- 
Chancellor, Dr. J. B. Bar.re, and by the Lord Mayor of Leeds. 
The PRESIDENT then delivered his Address, entitled ‘‘ Co-operation 
in Seience and Industry.” A vote of thanks to the PRESIDENT 
for his services in the Chair during the past year and for his Address 


was proposed by Prof. W. H. Perxrn and seconded by Sir RoBERT 
Rosertson. This was carried with acclamation and the PRESIDENT 


acknowledged it. 





ANNUAL GENERAL MEETING. 


INCOME AND EXPENDITURE GENERAL PURPOS 
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834 THORPE: CO-OPERATION IN SCIENCE AND INDUSTRY. 


PRESIDENTIAL ADDRESS. 
Delivered at the ANNUAL GENERAL MEETING, March 21st, 1929 
By Jocetyn Frevp Tuorpeer, C.B.E., D.Sc., F.R.S. 


Co-operation in Science and Industry. 


THE past ten years has witnessed a wonderful development of 
organised Industry and organised Science in this country, and 
although conditions are still rapidly changing it is nevertheless 
possible to look forward and in some measure to determine the 
position in which we stand and the prospects for the future. The 
War, although one of the greatest economic disasters the world 
has yet experienced, gave without question a stimulus to discovery 
and production which no other event could have occasioned. 
Especially was this the case in the engineering and chemical in- 
dustries, for the need of new appliances and methods, and the 
necessity for producing materials in large quantities and in the 
shortest possible time, caused the keenest intellects to be brought 
to bear on the problems at hand, and led to the discovery of new 
and important processes many of which have now been introduced 
into industry. 

It is a principle conceded now even by the enlightened leaders 
of labour that the universal demand for a higher standard of living 
necessitates a general increase in the national produetive capacity, 
the term “ productive capacity ” being used to mean the capacity 
to render available the potential wealth of the nation in a suitable 
form. It is chiefly to the chemical and allied industries, mining, 
metallurgy, etc., that the country turns, because it is their peculiar 
function, aided by the engineer, to make available its mineral, 
vegetable, animal and atmospheric wealth. Provided chemical 
and allied industries are properly organised, they should be in a 
particularly strong position not only to increase the availability of 
wealth, but also to guide national policy in questions strongly 
affecting material prosperity. The age is at hand, if it is not 
already here, in which the changing majorities of Governments 
will no longer be able to determine major policies as of war, financial 
and fiscal, except in directions approved by organised industry. 
Control by those who hold the keys of national prosperity, that is, 
of organised industry, is one of the alternatives to class control and 
is not only a desirable but also an eminently practicable ideal. To 
achieve it Science and Industry must organise so that they may 
become strong politically and financially. 

Four kinds of co-operation are essential to strength : (1) internal 
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co-operation, (2) co-operation with pure science, (3) co-operation 
with Government, (4) co-operation with labour. The last, that is 
co-operation with labour, is a human question rather than one of 
science or of policy dependent on science and need not be further 
discussed, especially since enlightened opinion on the part. of 
employers now realises that labour relations are as vital to prosperity 
as any other factor. 


Internal. Co-operation. 


Apart from more purely chemical or scientific factors there are 
two immediate advantages, to be gained by the formation of big 
combines, in the pooling of capital and the pooling of engineering 
resources ; the establishment of a balance in commodities produced 
and in the method used for their production being determined 
mainly by chemical and engineering conditions. 

It is evident that very great advantages must attach to the 
prevention of internal competition in the production of some 
substance required by more than one member of the combine, as, 
for example, in the preparation of some common intermediate 
product required by several manufacturers; but also much is to 
be gained by the pooling of engineering resources and experience, 
because many of the new processes which have been devised in 
recent times depend more upon good engineering for their success 
than upon any other factor. The chemist calls upon the engineer 
for workmanship, design and material of the very highest class, 
and it is precisely in these directions that our engineering science 
excels. This is particularly true in the case of modern high-pressure 
processes, none of which was in existence till the end of the war. 
It is not too much to say that in this branch of chemical engineering 
Great Britain now leads the world. 

The standardisation of methods and the co-ordination of interests 
as regards production and distribution, the question of price and 
the prevention of over-production are problems which mainly 
concern the business organisation of industry, and do not directly 
affect the relations between Industry and Science. Yet their 
| importance is manifest and in some instances, especially in con- 

nexion with the standardisation of methods, the help of the chemist 
is essential. The need for obtaining a balance in all these factors, a 
consummation which can only be reached by a pooling of like 
interests, is obvious. 

Probably the best example of the common use of a chemical 
substance by a number of different manufacturers is that of 
hydrogen, which is at the present time used in vast quantities for 
the production of (a) methyl alcohol, (6) liquid fuels from coal, 
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(c) ammonia, to mention three of its most recent applications. In 
pre-war days it was used in large quantities, and still is so used, for 
the hardening of fat. Nevertheless, the three industrial operations 
mentioned also represent in a remarkable degree examples of 
progress and development that have taken place within the last ten 
years. 

Pressure Reactions.—The influence of pressure on reactions was 
recognised by the organic chemist from the earliest times. The 
fact that most reactions lead to a diminution in volume gave rise 
to the obvious suggestion that by the aid of pressure such reactions 
could be facilitated and possibly in some cases directed. Con- 
sequently the organic chemist was accustomed to use autoclaves, 
sealed tubes and other pressure devices in order to attain the ends 
he had in view. Later, when the need for catalysts or surface 
reactants became apparent, the utilisation of pressure in order to 
further the particular interaction disclosed became essential. The 
chief difficulties which had to be overcome before such processes 
could be applied industrially were engineering ones, because it was 
evident that in order to obtain economical production larger units 
would be necessary and not only had such units to be made suffici- 
ently strong to withstand the very considerable pressures necessary, 
but joints had to be made which would remain tight under varying 
temperatures. That such difficulties have been overcome and that 
pressure apparatus of very considerable size and capacity are now 
being used in the chemical industry throughout the world, is an 
engineering achievement of the very highest order. 

Methyl Alcohol and Higher Alcohols.—Organic chemistry, although 
it covers more compounds than any other section of the science, 
enjoys this advantage that every one of those compounds can be 
made, on paper, by using the three commonly occurring substances 
carbon dioxide, water and ammonia in various proportions. In 
the early days of the science before the structural theory enabled 
the organic chemist to produce at will any substance he might 
require, the sole means of guidance was that derived from a know- 
ledge of the empirical formula indicating the numbers of each atom 
present in the molecule. Consequently research followed the lines 
suggested by equations on paper which were based on the same 
plan as that adopted with inorganic substances. As is well known, 
the discovery of mauveine by Perkin in 1856. was of this character, 
and many of Baeyer’s earlier researches were of the same nature. 
Indeed, if one reads Kekulé’s ‘‘ Lehrbuch der Organischen Chemie,” 
which was published at Erlangen in 1861, that is to say, only a few 
years before the structural theory came into use, the extraordinary 
difficulties under which research workers in organic chemistry 
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laboured become apparent. For example, Kekulé gives nineteen 
formulae for acetic acid which at that time were either in use or 
had been seriously suggested. 

At the present time, although we have the structural theory to 
help us, we are nevertheless faced with a new unknown quantity, 
and that is the action and nature of the catalyst by which so many 
important industrial reactions are brought about. In the earlier 
days of the science, important and valuable discoveries were made 
hap-hazard by mixing various substances together and hoping for 
the best, and even by false reasoning, as, for example, when the 
photographer, in attempting to fix the colour of methyl-violet by 
the aid of sodium thiosulphate in the same way as he did the image 
on his photographic plate, transformed it into a green dye. 

At the present time we know nothing of the reasons which deter- 
mine the action of a catalyst and although we have to hand a vast 
number of reactions which may be regarded as reasonable and likely 
to occur should the right conditions be discovered, the search for a 
catalyst is always attended with difficulty and often ends in disap- 
pointment. Prior to the original German patent for the production 
of methyl alcohol from carbon monoxide and hydrogen, many 
attempts had been made to realise this very simple reaction even on 
the laboratory scale. Other reactions readily suggest themselves, 
such as, for example, the formation of acetic acid from methane 
and carbon dioxide. As a matter of fact this, and other reactions 
of a similar type, form the subject of patent specifications, but 
whether they have been actually realised experimentally must 
remain an open question in the absence of definite evidence. Our 
patent system unfortunately lends itself admirably to the pro- 
duction of “‘ blo_king ” patents, and there is no subject so suitable 
as organic chemistry as a medium for such patents. The High 
Pressure Committee of the Department of Scientific and Industrial 
Research is investigating the nature of catalytic reactions under 
pressure at Teddington and it is confidently to be expected that 
Professor G. T. Morgan and his co-workers will be able to help us 
considerably in our search for the meaning of catalysis as applied 
to organic reactions, a hope which is justified by the work already 
published from this laboratory. 

The Formation of Liquid Fuels from Coal.—The original process 
of Bergius, carried out with Westphalian brown coal, has been 
applied to bituminous coal, but not with the same degree of success. 
The general method, which consists in ‘“‘ cracking ’”’ the coal sub- 
stances under pressure in the presence of hydrogen, seems over- 
elaborate to produce a substance of which there is at present too 
much in the world. Nevertheless a home supply of petrol and fuel 
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and lubricating oil is highly desirable apart from that produced 
from Scotch shale oil, which is far too small in quantity to meet a 
general demand. The solution appears to lie in low-temperature 
carbonisation, although the economic success of this process seems 
to depend on the adoption by the public of the coke obtained. 
This product, which was initially to be called Fuelite but is now to 
be known as Gloco, is, nevertheless, the Coalite of twenty years ago. 
Whether it is possible to induce the householder to give up his coal 
fire is a question that the future alone can answer, but it must be 
remembered that in town areas where gas is the most valuable 
product the high-temperature method of carbonisation will still be 
the more economical financially. It is possible, however, that the 
liquid products of low-temperature carbonisation which are rich 
in aromatic phenols will lend themselves to the production of valuable 
petrols when subjected to vapour-phase “ cracking.” Indeed, this 
subject of vapour-phase “ cracking ” is of the highest importance 
in connexion with the conversion of higher fractions of the petroleum 
distillate into petrols, the petrols produced by this method being 
high in “ anti-knock ”’ value. Moreover, the gas formed as a by- 
product, which is mainly olefinic in character, can be utilised for 
the formation of numerous alcohols. It is of interest to observe in 
passing that the reverse process, that is to say, the building up of 
higher hydrocarbons from those lower in the series, has also received 
attention and that the production of benzene from ethane, and also 
from methane by pyrolysis, has been shown by Wheeler and his 
collaborators to be a practical proposition. The importance of such 
@ conversion to countries like Canada where, daily, millions of 
cubic feet of natural gas (mainly methane and ethane) are wasted 
cannot be over-rated.* At the same time the very difficult question 
of the production of sufficient benzene for the world’s needs—a 
hydrocarbon which has hitherto only been obtainable from coal— 
is in a fair way to being solved. 

The Utilisation of Atmospheric Nitrogen.—The “‘ cosmic scare’ 
raised by Sir William Crookes in his Presidential address to the 
British Association in 1898 led, indirectly, to the introduction of 
the are process for the utilisation of atmospheric nitrogen—a process 
which is still carried out in Norway. 

This was followed by the cyanamide process in 1906 and during 
the War by the Haber process. From 1913 to well after the 

* During 1927, 5,241,000 tons of petroleum were obtained from the Persian 
oil fields. It is estimated that in the production of this quantity approxim- 
ately 25,000,000 cubic feet of gas are liberated daily. This gas is mainly 
methane and ethane, but contains also about 20 per cent. of hydrogen 


sulphide. At the present time the larger portion of this vast volume of gas 
is burnt to waste; its utilisation is therefore a problem of urgent moment. 
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War, the Haber process was the only method of direct synthesis 
in use commercially, and its rapid development in Germany during 
the War was the direct outcome of the isolation of that country 
and the complete absence of the nitrates and nitric acid so essential 
| for the manufacture of explosives and the production of artificial 
fertilizers. The first plant of this type was established at Oppau 
in 1913 and operates at a pressure of 200 atmospheres and at a 
temperature of approximately 500° C. This method is also employed 
at the Billingham works of Imperial Chemical Industries Ltd., but 
since the War several new processes have been introduced such as 
the Claude, the Casale, the Fauser, the Jést and the Harter processes. 
These newer methods are in most cases simpler to operate than the 
original Haber process, and it is now relatively easy to establish a 
nitrogen fixation process in any country. Moreover, these newer 
processes enable small synthetic plants to be operated economically 
and in consequence manufacture can be decentralised. For example, 
during a recent visit to the United States it was noticed that at the 
Gibbstown works of the Du Pont company the nitric acid required 
| for the manufacture of the nitro-explosives produced there was 
being obtained by one of these newer methods. It is evident, 
therefore, that while the vast quantities of nitrates required for 
agricultural purposes will continue to be made at the great factories 
established for that purpose, each industry involving the use of 
nitric acid for chemical purposes will instal its own plant for its 
production. In this way the two great uses of nitrogen, that is, as 
a component of explosives and as a plant food, will become separated 
and the two types of manufacture will be carried out in different 
localities. The lesson learnt by Germany during the War is not 
likely to be lost sight of by other countries, and it can confidently 
be predicted that every country will ultimately become self-con- 
tained as a producer of its own fertilizers and explosives. 
Hydrogen.—In all these matters the need for a cheap supply of 
hydrogen is essential. In the earlier part of the present century 
the hydrogen required for fat-hardening was produced by the 
electrolytic decomposition of water. The hydrogen produced in 
this way is exceptionally pure, but an abundant supply of electricity 
is necessary, approximately 140 kw.h. per 1000 cu. ft. of gas, that is 
to say, a quantity that can only be obtained economically in places 
where abundant electric power is available. Moreover, in this 
process the oxygen which is also formed cannot be utilised except 
under special conditions. Modifications of this method are now in 
operation mainly in the direction of producing the gas from elec- 
trolytic cells under high pressure, but although a considerable 
quantity of hydrogen is still made electrolytically, by far the greater 
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quantity is now produced by the reduction of steam. The “ steam. 
iron” process, in which red-hot iron is the reducing medium, was 
the first of these; the Bosch process, which involves the passing of a 
mixture of steam and water-gas over a catalyst at 400—500° C., 
followed. It has been estimated that approximately 15% of the 
hydrogen used is made electrolytically, whereas 70% is made by the 
water-gas catalytic process. About 12% is made from coke-oven 
gas by a method which involves the separation of the hydrogen by 
liquefaction of the impurities present. Coke-oven gas contains 
approximately 50% of hydrogen and owing to the low calorific value 
of hydrogen the gas is actually improved in calorific power by its 
removal. Moreover, during the process of purification considerable 
quantities of ethylene are isolated—a substance now in demand for 
the preparation of nitroglycol, a constituent of non-freezing nitro- 
explosives. It is probable, therefore, that this source of supply will 
be drawn on more freely in the future and it may even be found 
economical under special conditions to remove the hydrogen from 
the gas produced by high-temperature carbonisation in our gas 
works. 

The water-gas catalytic method of producing hydrogen is in use 
in those places where the original Haber process was installed, 
namely, at Billingham in Great Britain, in the French Government 
Plant at Toulouse, and in the great works of the I. G. Farben 
Industrie at Oppau and Merseburg. In Germany the extensive 
deposits of brown coal, which is particularly suitable for use in the 
Bosch hydrogen process, are available. 

The moral underlying the whole of what has been said above is 
that full industrial prosperity demands still larger chemical com- 
bines and trade associations. The vast chemical organisation which 
has been built up in this country under the inspiration and guidance 
of Lord Melchett and the great combine known as the I. G. in 
Germany are indications of the increasing tendency for nations to 
pool their resources in particular industries and thus stand four-square 
to their competitors in the world’s markets.: By the elimination of 
internal competition, by the pooling of chemical and engineering 
resources and knowledge, by the standardisation of methods of 
production on the most economical lines, by the sharing of raw 
materials, and above all by co-operation with labour the whole 
strength of the nation is focused to a point which enables it to exert 
the full force of its internal mental and physical power. 


Co-operation with Pure Science. 


Training.—Chemical trade is at present in the midst of the most 
rapid expansion it has ever known and nowhere is the development 
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more noticeable than on the research side. This is as it should be, 
for the researchers are the scouts and it is essential that they should 
be far ahead of the army (the working process). It is necessary also 
that the scouts should operate on a broad front in order that no 
channel of advance should be overlooked merely because it does 
not lie in the expected direction. The realisation of this principle 
by the greater manufacturers has led to a strong demand for 
University-trained men, and the number of research chemists in 
industry in this country has been estimated at twenty times the 
number before the War; the demand is still increasing. The 
Universities have had and are having their work cut out to supply 
this larger number of adequately trained men, for they have to fulfil 
the majority if not all of the demands made by chemical industry. 
Manufacturers have come to realise that training should be essentially 
fundamental and that a wide knowledge of the principles of chemical 
science is a necessity. The vexed question—In what manner is this 
to be attained ?—is being answered by the gradual adoption of at 
least a four years’ course, although the still more important one— 
that of the post-graduate course—is not yet settled. In straight- 
forward cases, that is to say, instances involving preparation for those 
industries which are concerned with the so-called borderland 
sciences, the issue is clear. For example, the great demand at the 
present time for chemists with a knowledge of bacteriology, 
mycology, physiology, and so forth must be met by supplying a 
post-graduate training in. these subjects. Where the branch 
of science to be followed lies within the scope of general chemistry, 
specialisation in that particular branch should form the subject of 
the fourth-year course. This is undoubtedly the case with that 
important branch of organic chemistry which deals with the inter- 
mediate products from the coal-tar hydrocarbons and the dyes 
derived from them. 

Not only has the far-sighted policy which led the Worshipful 
Company of Clothworkers to found what is now the Department 
of Colour Chemistry and Dyeing in this University been fully 
justified, but the principles laid down and followed by each succes- 
sive Head of the Department have served as a model which has been 
freely followed, both in this country and abroad. The Colour 
Chemistry and Dyeing Department was, in conjunction with the 
Textile Industries Department, one of the first buildings to be 
erected on the present University site. In 1880 these two depart- 
ments were unique and their subsequent growth has been con- 
tinuous. For many years the Clothworkers’ Company provided 
their entire maintenance, but on the formation of the University 
of Leeds in 1904, the rights and management were transferred to 
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the University. The Company’s total monetary contribution 
towards the provision of this form of University education at Leeds 
approximates to £250,000, and the most recent extension of these 
departments, provided by the Clothworkers’, was opened in October 
last. 

Each head of the Department (J. J. Hummel, A. G. Green, 
A. G. Perkin, and F. M. Rowe) has considered it essential that 
students of colour chemistry and dyeing must be trained primarily 
as chemists in close co-operation with the pure chemistry, physics, 
mathematics, engineering, etc., departments, in which a large 
proportion of the students’ time is spent. Merely mechanical, 
vocational training has never been provided, but the courses have 
been developed on an increasingly scientific basis in preparation for 
a career in any branch of industry in which the chemistry of colouring 
matters, of textile fibres, and of the processes to which they are 
submitted, plays an important part. Detailed large-scale practice 
is not taught, although the laboratories are equipped with all types 
of modern machinery for processing wool, cotton, and artificial silks, 
the aim being to instil the scientific foundations of such operations. 
Actually, the training of a student of colour chemistry and dyeing 
is superimposed upon the normal preliminary training in the pure 
sciences and is merely a continuation of the latter from the point of 
view of certain industries. The value and adaptability of this 
thorough and fundamental scientific and technical training is 
illustrated by the fact that at the end of his course a student may 
obtain a position as a chemist in such widely different branches of 
industry as the manufacture of intermediates and dyes, or of lake 
pigments, the distillation of tar, the manufacture of artificial silks 
or other cellulose products, calico printing, or the various specialised 
branches of bleaching and dyeing, including garment dyeing and 
cleaning. Although examples of all those industries are to be 
found in or near Leeds, former students of the Department also 
occupy important positions in these industries in all parts of this 
country and abroad. The Department is in close touch with 
industry and owes much to the interest and generosity of individual 
firms. 

I have thought it desirable to give the above particulars of the 
Department of Colour Chemistry and Dyeing in the University 
of Leeds, because they illustrate in a remarkable manner the 
way in which purely chemical and technical education have 
been combined to produce men thoroughly trained on both the 
fundamental and the practical side and who are thus able not only 
to deal with problems of the moment but also to appreciate and 
adopt such developments as may occur in the future. It is not the 
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question of the principle that is involved, because, at the present 
time, it is fortunately unnecessary to emphasize the truism that 
mere mechanical or vocational training without fundamental 
knowledge is useless and cannot meet the needs of rapidly developing 
industry. It is rather the question of method that is in doubt, and 
it is therefore important to realise that, so far as the particular 
industries dealt with are concerned, the Leeds organisation has 
succeeded in supplying an answer. 

A long experience of University teaching has shown me that it is 
exceedingly difficult to determine whether any particular individual 
is more fitted to succeed as a process chemist or whether he has that 
peculiar aptitude which will enable him to carry out effective work 
in the research laboratory. Unfortunately the positions are not 
interchangeable. A student who has shown aptitude for research 
may, if occasion demands, make an excellent process chemist; 
indeed it often happens that he will have to develop a laboratory 
method so as to place it, with the help of the engineer, on the unit 
factory scale. But it is very doubtful if the individual who has 
shown that he possesses no aptitude for research can be usefully 
employed in that connexion excepting under control. The only 
manner in which the presence of the research aptitude can be 
discovered is by direct trial and therefore it is always desirable to 
subject a student to one year’s training in research after graduation 
in order to discover if he possesses this characteristic. After one 
year’s observation it is usually possible to determine whether a man 
possesses (@) originality of thought and method such as will enable 
him to become a research originator, (b) the aptitude for research 
which will make him a good team worker under direction, (c) no 
aptitude for research of any kind. 

Those falling within class (a) are rare; those within class (6) 
form the majority. Those falling within class (c) are also compar- 
atively rare, because the usual course of training followed in an 
Honours School is such as to instil a desire for enquiry. But when 
found, they should be advised to seek one of the minor industrial 
posts or to secure training in some special branch of technology which 
will enable them to act effectively as process chemists. 

The term “‘ research training ” must be interpreted in its widest 
sense to include training in special branches of chemistry related 
to the industries as well as more general training in the higher 
branches of chemical technology. It is evident, therefore, that the 
field of choice open to a student who has finished his course of 
fundamental instruction is very large, since it also includes the 
borderland subjects to which reference has already been made. 
The choice has to be made by the man himself, guided by such 
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advice as his teacher can give him. Such guidance will be based 
on a knowledge of the man’s capacity and of the requirements of 
the moment, but, unfortunately, conditions change so rapidly that 
the needs apparent at the time the advice is given may be no longer 
present two years later when the period of training is finished. 
Nevertheless, the call for men thoroughly trained in the various 
branches of applied chemistry and in the subjects based on chemistry 
is likely to increase rather than diminish and it is not correct to say 
that there is, at the present time, a superfluity of chemists who are 
unable to obtain employment. There is, naturally, in this branch 
of science, as indeed in any branch of knowledge, a difficulty in 
placing second or third class men. The term “ third class Honours ” 
ought to be eliminated from our vocabulary, as has been done by 
at least one of our Universities recently, and it is an open question 
whether the second class ought not to follow the same path. Never- 
theless, one does not make a second class man into a first class one 
by calling him such, and the need for adjustment evidently belongs 
to an earlier stage. Men who have shown, during the earlier stages 
of their studentship, that they are unlikely to obtain anything but a 
low class in their Degree examination ought to be rigorously ex- 
cluded from an Honours School. If this were done effectively, we 
should hear less about the lack of employment for unsuitable men. 

Industrial Research in Universities —At no distant period in the 
past the great potentiality for research residing in our University 
laboratories, and in the personnel controlling them, was not available 
for industrial purposes. The reasons for this were many. For 
example, industrial research was not regarded as of sufficiently 
‘“‘ pure ” character to allow of its inclusion in the academic curri- 
culum. There was considered to be something essentially different 
between “applied” and “ pure” chemistry, and this was em- 
phasized in the “ eighties”’ by the formation of the Society of 
Chemical Industry as a distinct body from our own Society. The 
Americans knew better than this. They have kept their chemists 
together as a homogeneous body and the American Chemical 
Society with its membership of 17,000 represents in no uncertain 
manner the considered opinion of the whole body of chemists of that 
country. 

The fault lay mainly with our Universities, which were loth to 
introduce science other than “pure” into their courses of in- 
struction. Hence there arose the multitude of Technical Schools 
which were originally intended to supply the need for a vocational 
training without undue reference to the science upon which the 
training was based. The establishment of new Universities in 
industrial centres, a period of reform ushered in by the breaking up 
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of the old Federated Victoria University, soon produced a marked 
change, and research and instruction in the fundamental principles 
underlying industrial science gradually passed into the hands most 
competent to deal with them. 

Industrial research both of the fundamental kind and that which 
arises aS the daily outcome of works practice should be and now 
is carried out for the most part by the firms themselves in their 
works laboratories. But there are a number of problems, mainly of 
a “long-sighted ” character, which are intimately related to in- 
dustry. The personnel on the scientific staffs of our Universities 
are people who have throughout their lives specialised in some 
particular branch of research, and are therefore eminently fitted to 
solve problems in their special field. This is now recognised by many 
leading firms who supply grants to enable post-graduate research 
workers to investigate specific problems under the guidance of 
Professors of Chemistry and other directors of research laboratories, 
and in this connexion must be mentioned the far-sighted policy of 
Imperial Chemical Industries, Ltd., who give yearly substantial 
grants to research laboratories in order to enable them to obtain 
special types of apparatus and appliances which it would otherwise 
be difficult to procure. Great advances have been made in the 
country since the War in the development of scientific industry, and 
every effort must be made to maintain and strengthen the causes 
which have led to this condition. From the point of view of national 
prosperity it is essential that active research centres should be 
maintained and still further developed in our Universities, not only 
to supply the scientific ability to foster and improve the industries 
of our own generation, but also to pave the way by discoveries in 
science for future commercial prosperity. 

Team Work.—During the War very valuable work was accom- 
plished by means of team work, by which is meant the solution of 
some problem by the united efforts of a team of workers under a 
directing head. There can be no question that this method of 
attack is usually most effective, especially in a works laboratory 
where some specific problem may require rapid solution. Its 
application to the University laboratory is subject to the difficulty 
that under team conditions the intellectual stimulus which attaches 
to the individual attack on specific problems is sometimes lacking, 
and it is in the highest degree desirable that this stimulus should be 
developed and maintained. Nevertheless, it is always possible 
so to divide a major problem as to make each section in itself a 
self-contained research and thus to give each investigator what is 
essentially a definite subject on which he can work in his own way 
and according to his own mentality. This, as a matter of fact, is 

G@ 
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being done in many research laboratories, and probably one of the 
best examples is that supplied by the Safety in Mines Research 
laboratory at Sheffield. Here Professor R. V. Wheeler directs a 
team of research workers who are engaged on problems connected 
with the conditions necessary to ensure adequate safety for miners 
working in coal mines. The problems involved relate to the spon. 
taneous combustion of coal, the use of safety explosive, and the 
conditions leading to the prevention of the propagation of flame 
should an ignition of firedamp occur underground. These and many 
related enquiries are dealt with by a team of research workers 
employed either at Sheffield or in the new experimental station 
at Buxton, but each particular problem is assigned to one or two 
workers and the intellectual stimulus provided by specific investig. 
ation is always present. 

Frequent meetings and discussions as well as the delivery of 
lectures by outside workers keep the members of the team in touch 
with one another and with development generally. There is nothing 
more destructive of a man’s mentality than the feeling that he is 
merely a cog in a wheel of some machinery of which he has no 
knowledge; that he is being used as a means of obtaining some 
substance or result which, as soon as prepared or obtained, passes 
to someone else for further treatment. Production and sometimes 


research on these lines is doubtless effective, but it is secured at the 
expense of individual loss of initiative and craftsmanship. It is the 
very worst form of instruction that can be imparted in the earlier 
years of a research worker’s training and should be rigorously 
excluded from our schools of research. 


Co-operation with Government. 


The Government of this country has already discovered the two 
most valuable ways in which it can co-operate to the benefit of 
present and future chemical industry, namely, (a) by protecting 
young and struggling industries against competition from similar 
but established industries abroad and against competition arising 
from deflated foreign currency, and (b) by promoting research in 
pure and applied chemistry by financial assistance. 

Safeguarding.—The first action under (a) was the passing of the 
Dyestuffs (Import Regulation) Act in December, 1920, an Act which 
came into operation on January 15th, 1921. It prohibited for a period 
of ten years the importation into the United Kingdom of all synthetic 
dyestuffs and all intermediate products used in their manufacture. 
The position was a peculiar one, because it was obvious that our 
great textile industries depended on the production of certail 
types of dyestuffs which had hitherto only been obtainable from 
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Germany and that several of these dyestuffs could not, at that time, 
be produced in this country. Definite prohibition was therefore 
impracticable, and the provision of a tariff would have entailed so 
high a rate of duty—in order to meet the determined effort which 
Germany would have made to re-establish its pre-war predomin- 
ance—that a hardship would have been placed on the consumer. 
It was generally agreed, therefore, that prohibition tempered by 
licence was the best solution and the truth of this view is shown by 
the fact that last year—seven years after the passing of the Act— 
approximately 10%, about 5,000,000 Ib., of the total dyestuffs used 
in this country were imported under licence, the remaining 90% 
being produced by home manufacture; an exceedingly satisfactory 
state of affairs when the position of Great Britain in this 
connexion before the war is considered. The next application of 
the safeguarding principle took the form of the Safeguarding of 
Industries Act, 1921. This Act had two purposes: (1) The safe- 
guarding of a definite list of ‘‘ key industries ” against competition 
from any source, and (2) provision for the safeguarding of any 
industry against the effects of the depreciation of the currencies of 
certain foreign countries. 

The schedule of this Act was necessarily couched in very general 
terms and enacted that an “ad valorem” duty of 334 per cent. 
could be imposed on certain classes of commodities which experi- 
ence during the war had shown to be essential for the maintenance 
and well-being of other industries of national importance. 

It was necessary to give the Board of Trade power under the Act 
to draw up lists embodying the commodities included in the items 
enumerated in the schedule, and such lists were in due course 
prepared. The Act also provided that any complaints against the 
inclusion or omission of any article in the list should be referred to 
the arbitration of a referee appointed by the Lord Chancellor, 
whose decision should be final. Theschedule of the Act enumerated 
a variety of commodities, including such general phrases as 
“synthetic organic compounds ” and “ fine chemicals,’ and these 
were duly interpreted in specific terms in the Board of Trade lists. 
But it was found extraordinarily difficult to define these phrases in 
a legal sense. It will be remembered how difficult it was to say 
whether calcium carbide was an organic or an inorganic chemical, 
expert opinion by our leading chemists being about equally divided 
as to the correct answer to the question. In the same way grave 
difficulties arose as to the correct definition of a fine chemical and 
the referee found himself faced with a mass of contradictory 
evidence supplied by persons fully competent to express an opinion. 
Some twenty cases came before the referee (Mr. Cyril Atkinson, 
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K.C.) and in every case he supplied a closely reasoned written 
judgment. The legal interpretation of scientific evidence by scientific 
experts on scientific matters, especially of definition, is always, 
however, difficult, and when the desirability of extending the Act 
beyond the five years provided came up for consideration before a 
Committee appointed by the President of the Board of Trade, of 
which Sir William Pope was a member, it was unanimously decided, 
in a report dated March, 1926, that in place of the Referee alone a 
tribunal should be set up consisting of the Referee and two scientific 
referees drawn from a panel appointed by the Lord Chancellor for 
the purpose. Effect was given to this and other recommendations 
contained in the Report by the Finance Act of 1926, which continued 
safeguarding for ten years from August 19th, 1926. Only two cases 
have so far come up for decision before the newly-constituted 
tribunal. 

The second object of the Act of 1921, namely, the imposition of 
a duty of 334 per cent. on “any goods imported from a foreign 
country with a depreciated currency if owing to that depreciation 
such goods were being offered for sale in the United Kingdom at 
prices below those at which similar goods could profitably be made 
there and employment in the corresponding industry here was or 
was likely to be adversely affected,”’ was rendered to some extent 
abortive, because it was also provided that no order should be 
made which was at variance with any British treaty or convention 
with a foreign country. In effect this meant that duties could not 
be imposed against countries having by treaty or understanding a 
most-favoured-nation agreement with this country and in con- 
sequence duties were only levied against goods of German origin. 
A wider policy was adopted by the present Government in a White 
Paper issued in February, 1925, which announced the adoption of 
a policy by which British industries of substantial importance 
would be safeguarded if it could be shown that they were suffering 
from unfair competition owing to (a) depreciation of currency 
operating so as to create an export bounty, (5) subsidies, bounties, 
or other artificial advantages, and (c) inferior conditions of employ- 
ment in the competing foreign industries. This policy was given 
effect to by the Finance Acts of 1925, 1926, 1927 and 1928, by which 
duties were imposed in a number of cases on articles falling within 
the above categories. 

Agricultural Research.—Of all the industries which are and have 
been served by chemistry, agriculture stands in a special position in 
so far as the Government have placed at its disposal an organised 
and free advisory service. There are at present 21 Advisory 
Chemists in England and Wales, each having his headquarters at 
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some appropriate educational centre: Every bona-fide farmer is 
entitled to their advice (which normally involves a visit to the 
farm) without being involved in any expense whatever. Farmers 
are availing themselves of this service more and more every year 
and the industry is consequently in a far more favourable position 
than it was twenty years ago. 

There is a great deal of valuable reciprocity here. The Advisory 
Chemist is expected to carry out fundamental scientific investig- 
ations that relate or appear to relate to the farming problems he 
meets. This work has enlarged our knowledge of the constitution of 
the soil, which new knowledge has in turn enhanced the utilitarian 
functions of the Advisory Chemist. 

For generations farmers in many areas have suffered a complete 
failure of their barley crop. In more recent years, sugar beet— 
for no reason apparent to the farmer—has similarly and unex- 
pectedly failed. It is not too much to say that the work of the 
Advisory Agricultural Chemists has now made it possible for a 
farmer to know almost with certainty before he arranges his cropping 
where those crops are likely to fail and to be informed of the only 
measures which will ensure their success. 

No less in animal husbandry than in crop husbandry are the 
services of the chemist of great economic value to the farmer. It 
is no unusual thing for the Advisory Chemist to adjust uneconomical 
and ill-balanced rations to stock in a way which has saved the farmer 
a deal of money. The cost of producing milk has been reduced by 
as much as 4d. a gallon and the economy effected in feeding fairly 
large herds is sometimes between £40 and £50 a month. 

The Promotion of Research—The scheme for the organisation 
and development of scientific and industrial research was given in 
Mr. Arthur Henderson’s memorandum of 23rd July, 1915, which 
was issued as a White Paper (Cd. 8005). The Advisory Council 
was constituted by an Order in Council of the 28th July, 1915, the 
terms of reference being ‘‘ to recommend proposals (i) for instituting 
specific researches; (ii) for establishing or developing special in- 
stitutions or departments of existing institutions for the scientific 
study of problems affecting particular industries and trades; and 
(iii) for the establishment and award of Research Studentships and 
Fellowships.” 

The Order also stated that ‘“‘ The said Council may itself initiate 
such proposals and may advise the Committee (i.e., the Committee 
of Council for the organisation and development of scientific and 
industrial research, constituted by the same Order) on such matters 
whether general or particular relating to the advancement of trade 
and industry by means of scientific research.’ 





850 THORPE: CO-OPERATION IN SCIENCE AND INDUSTRY. 


The 13th Annual Report of the Department has recently been 
issued and shows that development along all the lines indicated in 
the terms of reference has been initiated, and that great progress 
has been made in giving effect to the intention of the scheme. 

Specific Researches.—Apart from the work which is being carried 
out by the special research stations founded by the Department, 
notably the Fuel Research Station, the Forest Products Research 
Station, the Chemical Research Laboratory, Teddington, and the 
Low Temperature Research Station of the Food Investigation 
Board, many other specific researches are in progress at various 
research institutions throughout the country. At the same time the 
Department supports specific researches of a fundamental kind which 
are of wide interest both from the scientific and the practical point 
of view and the furtherance of which is likely to lead to results of 
national importance. Examples of these may be given in the work 
on X-rays, which is now entering a stage which shows not only that 
the information procurable by this method of analysis is certain 
to give us knowledge of intimate molecular structure, but that it is 
also applicable to such important practical uses as the determination 
of the structure and properties of alloys. Assistance is also given to 
the work which is being carried out by Professor Bone at the Imperial 
College on gaseous reactions at high pressures, and this laboratory, 
which has also received substantial financial assistance from 
Imperial Chemical Industries, Ltd., is now adequately equipped to 
prosecute research in this most important field. 

Research Associations.—The policy instituted by the Department, 
by which Research Associations in various industries were founded 
on the basis of annual grants equivalent to the annual subscriptions 
o members of the Associations, has led to the formation of twenty- 
four of these bodies. At the outset it was considered that a period 
of five years was sufficient to give this experiment in co-operative 
research a fair trial and that at the end of this period State assistance 
could cease. Experience showed, however, that except in certain 
special cases five years was not long enough to enable an Association 
to prove its value by ‘the results of the work accomplished, and 
an extension of State aid was granted for a further period of five 
years. The report of the Department for 1927—28 shows that a 
memorial was received from nineteen Research Associations praying 
for a continuance of financial assistance on-the same basis for 4 
further period of ten years. There can be no question that the 
experiment has proved a success and that the value of co-operative 
research in industry has been established. The Department has, 
therefore, rendered a valuable service to the industrial community 
and its initial policy has been fully justified. Nevertheless the 
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time has arrived when the varying appeal which the necessity for 
scientific investigation makes to different industries has made 
itself manifest and the Department feels that any further support 
on general lines would no longer be justified. It proposes, therefore, 
to treat each case on its merits. 

Research Studentships and Fellowships.—The third term of 
reference, namely, “for the establishment and award of Research 
Studentships and Fellowships,”’ was rendered necessary in order that 
properly trained personnel should be available to meet the require- 
ments of rapidly growing industry and also that the Research Associ- 
ations which were about to be set up should be adequately staffed 
by men thoroughly trained in the methods of research. 

Prior to the war research training was imparted only to a com- 
paratively few students who had passed high in their final examin- 
ations and had thus obtained one or other of the post-graduate 
scholarships or fellowships provided by most Universities. Schools 
of research were small, because those whose parents could not afford 
to pay for a five years’ course had to seek employment as soon as 
they had taken their Honours Degree. The provision of Students’ 
Maintenance Allowances by the Department has, therefore, enabled 
many men who would otherwise have had to pass into industry 
at the end of the three years’ course to stay at the University for one 
or two years longer and in this way many students, fitted by temper- 
ament to make useful research workers, have been prevented from 
taking too early employment. This policy is undoubtedly in the 
national interests, because it provides for a steady stream of research 
workers which could not otherwise be produced. That the policy 
has been justified is shown by the figures given for the year 1926—27, 
for out of 165 students provided with maintenance grants 59 only 
sought renewal, the remaining 106 being either absorbed into 
industry or into posts of other kinds. The call for adequately 
trained research workers in science and especially in chemistry is 
increasing. Every head of a research school knows that he can 
always place a thoroughly trained man and he is frequently in the 
position of having no men available when application is made to 
him for research workers. It is therefore very disquieting to realise 
that the policy of the Department in connexion with the provision 
of maintenance grants for students in training appears to be chang- 
ing, for whereas the number of such grants (including research 
workers and assistants) was 275 in 1925—26, it has fallen to 186 in 
1927—28. The outlook is serious, because it is quite impossible 
for the Universities to provide funds for post-graduate training in 
any way commensurate with the present-day requirements of 
industry, and as the average science student is usually drawn from a 
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comparatively poor class it is not likely that the necessary money 
for an extended course will always be obtainable from parental 
sources. No doubt in the future the Universities will be able to 
acquire adequate funds for this purpose from benefactors who 
appreciate the need, but that time is not yet come and meanwhile 
it is essential that the State should provide the means for helping 
to meet this very real national difficulty. 

Every director of a research school has had to tell some promising 
student who wishes to undergo post-graduate training and who is, 
without question, likely to profit by such training, that no funds are 
available to enable him to extend his course and that he must, 
therefore, seek any minor post that may be open to him. The loss 
of such a man is a national loss, because his training is broken off 
at the stage where even one extra year would have enabled him to 
become a useful member of a research organization, whereas, in the 
circumstances, he has to take up some position, probably one in- 
volving merely routine work, where the value of his early training 
will be lost and his initiative and enthusiasm destroyed. It is, 
therefore, to be hoped that the diminution in the number of research 
grants is merely a temporary expedient and that it does not indicate 
a reversal of a policy which has proved so fruitful during the past 
twelve years and has shown itself to be an essential part of research 
development in this country. 
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CXII.—The Polarity of the Halogens in Solutions 
of Pyridinium and Allied Dichloroiodides. 


By Tuomas Haro~p READE. 


THE reactions of pyridinium dichloroiodide, phenyltrimethyl- 
ammonium dichloroiodide, and tetramethylammonium dichloro- 
iodide have been investigated. The substances show very close 
similarity with rubidium dichloroiodide, which was studied by 
Sullivan (Z. physikal. Chem., 1899, 28, 539), for the dissolution of 
each in water was accompanied by separation of the chlorine and 
iodine atoms, the former as chloride ion and the latter as hypoiodous 
acid—chlorine gas and iodide ion being absent. A -satisfactory 
reaction formula must express these facts. Since hypoiodous acid 
can give iodine, or iodide, only by reduction, e.g., at a cathode, 
whereas iodide gives iodine only by oxidation, e.g., at an anode, 
it is convenient to assign a positive charge to iodine in the former 
condition. The electrical conductivity of liquid iodine chloride and 
iodine bromide and of solutions of iodine in several solvents is 
another indication of the existence of positively charged iodine 
atoms. In the presence of water, doubtless, these discharge them- 
selves by combination with negatively charged hydroxyl ions, 


forming hypoiodous acid. The following equation satisfactorily 
expresses the results obtained in this investigation : 


BCC + H,O —> B + C1+ H + Cl+ IOH. 
The formula is intended to denote that the oppositely charged 
halogen atoms and the radical B are held together by electrostatic 
forces, like the sodium and chlorine atoms in sodium chloride, but it 
does not define the degree of electrolytic dissociation which the 
compound undergoes when dissolved. In water, this is certainly 
large ; in dilute hydrochloric acid, less; and for a 0-001. M-pyridinium 
dichloroiodide solution in N-hydrochloric acid, the dissociation is 
still appreciable. The effect of changes in hydrion and chlorine-ion 
concentration on the degree of dissociation of dichloroiodides has 
been measured. 
EXPERIMENTAL. 

Organic dichloroiodides give brown solutions in water, light brown 
solutions in N-sodium chloride, and bright yellow solutions in hydro- © 
chloric acid. These will be considered separately. 

Procedure—In a darkened laboratory, 0-001M-solutions of the 
dichloroiodides were made up below 50° with water free from carbon 
lioxide in steamed flasks of Jena glass. Measured portions at 15° 
were mixed with a solution of Lintner’s soluble starch and the 

HH 
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appropriate reagent in steamed test-tubes which were then corked, 
and kept under observation. 

1. Effect of Water.—The deep brown 0-001 M-solutions, which had 
an odour like that of iodine, remained brown in the presence of 
starch for more than 5 hours and then became blue. More dilute 
solutions (0-001—0-00005M) became blue more rapidly. 


TABLE I. 


Time of appearance of blue colour throughout the solution.* 
Phenyltrimethylammonium 
Pyridinium dichloroiodide. dichloroiodide. 
after 5} hours 
2¢ 
76 minutes 


less than 1 minute 


colourless colourless (discarded after 
3 hours) 


* When the starch solution was floated on to the dichloroiodide solution, 
the first appearance of blue colour was as a ring at the surface of contact of 
glass, starch solution, and dichloroiodide solution; this disappeared on 
shaking. The times given in Table I refer to the appearance of blue colour 
throughout the whole of the solutions, which had been mixed by shaking at 


the beginning of the time period. 


2. Electrolysis —When the 0-001M-aqueous solution was sub- 
mitted to electrolysis between platinum wire electrodes in the 
presence of starch, a blue colour appeared around the cathode in 
5 minutes (Z.M.F., 2 volts; 35 -—»> 20 micro-amps.). The anode 
solution remained light brown. The experiment was repeated many 
times with the same result. The blue colour did not appear until 
the circuit was completed. Reversing the direction of the current 
with the electrodes in situ caused the blue colour to appear around 
the new cathode and dissipation of that around the old cathode. 
Hydrogen escaped from the cathode. In one experiment lasting 
18 hours, a few tiny yellow crystals, which were probably the tetra- 
chloroiodide, were deposited on the anode. 

The production of the blue colour at the reducing pole is a fact of 
theoretical significance, since a substance acquires an electron when 
it is reduced. Even more significant, however, is the absence of the 
blue colour at the oxidising pole, showing that iodide ions ar 
absent. 

3. Acidity of the Aqueous Solutions—The 0-001 M-aqueous 
solutions were decidedly acid to litmus; they dissolved magnesium 
wire with evolution of hydrogen, and production of a blue colour if 
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starch was present. Although this result might be attributed to 
dissociation of the pyridinium complex, a similar reason cannot be 
put forward to explain the acidity of tetramethylammonium or 
phenyltrimethylammonium dichloroiodide. The natural inference 
is that dichloroiodides as they enter into solution withdraw hydroxyl 
ions from water, leaving the solution acid. 

4. Action of Carbon Disulphide—Almost the whole of the iodine 
was removed from a 0-001M-dichloroiodide solution in water by 
repeated shaking with carbon disulphide, the aqueous layer 
eventually becoming colourless. It remained colourless also after 
the addition of starch, but became blue on addition of potassium 
iodide and starch, possibly owing to the presence of iodate. 

5. Action of Sodium Hydroxide.—The addition of sodium hydroxide 
(free from iodide) to the 0-001M-dichloroiodide solution in presence 
of starch caused the appearance of a blue colour at the times stated 
in Table II, from which it is seen that, whereas high concentrations 
of alkali prevent formation of the blue colour, intermediate con- 
centrations cause its instantaneous formation, namely, when the 
molecular ratio of dichloroiodide to sodium hydroxide is 1:1 or 
1:2. 

TaBLeE II, 


Action of sodium hydroxide on phenyltrimethylammonium 
dichloroiodide in presence of starch solution. 


Total vol., 10 c.c. Vol. of 0-001M-C,H,-NMe,ICl,, 5 c.c. 


Vol. of NaOH. Appearance of blue. Vol. of NaOH. Appearance of blue. 


not within 2} hours 1-2. c.c. of 0-O1N at once 
le c.of 0-001N 2} hours ag ie 10 mins. 
, 3 hour BSGiijg Stith 
: , 2 mins, AD -oni we permanently 
5 at once and larger amounts colourless 


Pyridinium dichloroiodide behaved similarly. 

The non-production of the blue colour by an excess of sodium 
hydroxide is attributed to conversion of iodine into iodide, hypo- 
iodite, and iodate. The accelerated production of the blue colour at 
the lower concentrations is attributed to upset of the balance of 
reversible reactions due to removal of hydrogen ions. These are 
possibly the following : 

BCIICI + H,O = B’ + H’ + 2Cl’ + IOH = B’ + H’ + 2Cl’ + 
sHIO, + 31, + $H,0. 

I, + 2NaOH —-> Nal + NaOI + H,0. 

Nal + I,+ starch —-> blue substance. 

6. Action of Sodiwm Chloride.—High concentrations of sodium 
hloride (free from iodide) accelerate the production of the blue 
olour with starch and a dichloroiodide, as shown below. 
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Taste III. 


Action of sodium chloride on dichloroiodide in presence of starch, 
(Total vol., 10 c.c.) 
Phenyltrimethylammonium 


Pyridinium dichloroiodide dichloroiodide 
(6 c.c. of 0-001M). (5 c.c. of 0-001M). 


NaCl. Blue appears in NaCl. Blue appears in 


0 177 mins. 1 e.c. of 0-1N 135 mins: 
1 c.c. of 0-01N 142 ,, 5 ,, ,, OIN i 
15 ,, 5, O1N 20 - ae immediately 
nent ce immediately 


7. Action of Hydrochloric Acid—A transient blue colour was 
obtained by dropping 4N-hydrochloric acid into 0-001M-dichloro- 
iodide solution containing starch. The blue colour changed to pink 
in a few seconds and soon became almost colourless, faintly yellow. 
No blue colour was obtained if the dichloroiodide solution was more 
dilute than 0-001 M. 

Sulphuric acid produced no visible change in dichloroiodide 
solutions containing starch; sulphuric acid and sodium chloride 
together behaved like hydrochloric acid. 

8. Action of Iodides——An intense blue colour was obtained by 
adding potassium iodide to aqueous dichloroiodide solutions con- 
taining starch, iodine sometimes separating as a solid. 

9. Reducing Agents—In the absence of iodide, the gradual 
addition of 0-01. M-sodium thiosulphate to 10 c.c. of 0-001 M-dichloro- 
iodide solution in water in presence of starch gave a deep blue colour, 
which was discharged by heating or by excess of thiosulphate. 
Sulphurous acid, sodium sulphite, stannous chloride, and more 
slowly, ferrous sulphate, zinc dust, and magnesium gave the same 
characteristic reaction. 

The amount of thiosulphate needed to produce the blue colour and 
just to discharge it (in the absence of-iodide) varied according to the 
speed of titration from 0-86 to 0-49 of the amount needed when 
potassium iodide and acid were present in excess. 

10. Oxidising Agents.—Iodic acid, ferric chloride, cupric sulphate, 
and ammonium persulphate gave no visible sign of reaction with 
dichloroiodides and starch, but perhydrol and nitrous acid, which 
are occasionally used as reducing agents, gave the blue colo 
immediately. 

The interpretation placed on these experiments may be thi 
summarised : Aqueous solutions of dichloroiodides undergo a chang# 
of composition with time. At first, they are strongly acid, are ricl 
in chlorine ions, yield iodine to carbon disulphide with formation 
some iodate, fail to give a blue colour with starch for several hot 
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but do so at once if neutralised or made slightly alkaline, or if iodide 
is added, or in the presence of a large excess of sodium chloride, give 
the blue colour during electrolysis at the cathode only, and give it 
on treatment with inorganic reducing agents but not with oxidising 
agents (except perhydrol and nitrous acid). These solutions, 
therefore, contain iodine but no iodide; they contain some oxidising 
agent capable of removing iodide ions faster than they are produced 
by the action of iodine on the glass (during the first few hours); the 
oxidising agent is easily destroyed by reduction and it undergoes 
slow spontaneous decomposition : it is probably hypoiodous acid, 
which is known to change into iodine, iodic acid and water; or 
perhaps the compound I,0H. 

11. Cofman (J., 1919, 115, 1044) has shown that hypoiodous acid 
interacts rapidly with phenols with production of iodophenols and 
water, and can be estimated in this way. If, therefore, the con- 
clusions drawn from experiments 1 to 10 are correct, the addition of 
various phenolic substances to an aqueous solution of a dichloro- 
io'ide containing starch should produce a blue colour owing to the 
formation of iodide by the action of molecular iodine, I,, on the glass. 
The following substances produced this effect: phenol, salicylic 
acid, «- and $-naphthol, cuminol, eugenol, euthymol, o- and p-cresol, 
p-hydroxybenzoic acid, m-hydroxytoluic acid, gallic acid, tannic 
acid, salicylaldehyde, and guaiacol; whereas a blue colour was not 
developed with benzoic acid, picric acid, anthraquinone, chloranil, 
phenanthraquinone, «- or 8-naphthaquinone, thymoquinone, anisole, 
anisic acid, or phenetole. The presence of hypoiodous acid in 
aqueous dichloroiodide solutions was thus confirmed, and the reason 
why these solutions did not at first give a blue colour with starch, 
even though they contained iodine, either free or very loosely 
combined, became clear. 

12. Action of Amines.—Since aromatic amines and phenols have 
many chemical properties in common, trial was made to ascertain if 
the former also would remove the hypoiodous acid, and allow the 
solution to develop the blue colour with starch. This took place 
immediately when dichloroiodides in aqueous solution were treated 
with aniline, o- or p-toluidine, o-4-xylidine, o-anisidine, a- or 
naphthylamine, sulphanilic acid, diethylaniline, phenylhydrazine, 
or morphine sulphate, and more slowly with acetanilide, o-, m-, 
or p-nitroaniline, 2-nitro-p-toluidine, phenyl-«-naphthylamine, or 
phenyl-8-naphthylamine. 

13. Action of Unsaturated Compounds.—The following unsaturated 
compounds gave the blue colour under conditions similar to those 
teorded in section 12: cinnamic acid, cinnamaldehyde, terebene, 
mylene, and alcoholic stilbene. Ethyl or benzyl alcohol, acet- 
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aldehyde, benzaldehyde, dibenzoylstyrene, urea, alcoholic ethy). 
amine, benzil, benzoin, and hydrobenzoin were without action. 

14. Pyridinium and p-Bromophenyltrimethylammonium Dichloro. 
iodides in Hydrochloric Acid.—These yellow solids are recrystallisable 
from concentrated hydrochloric acid. They are sparingly soluble in 
N-hydrochloric ‘acid, giving about 0-001.M-solutions the colour of 
which is like that of the crystals. The solutions do not give a blue 
colour with starch alone, but give successively red, purple, and blue 
colorations and then become colourless on gradual addition of sodium 
thiosulphate, sulphurous acid, nitrous acid, or ferrous sulphate, but 
not on addition of ferric chloride, potassium iodate, ethyl] alcohol, 
or acetaldehyde. 

15. Electrolysis.—Electrolysis of the dichloroiodides in 2N-hydro. 
chloric acid between platinum electrodes in presence of starch gave 
at the cathode a similar set of colour changes from red through purple 
to blue in the course of 6 hours, 25 microamps. being used ; the anode 
solution remained yellow and deposited yellow crystals of the tetra- 
chloroiodide on the anode. 

16. Perhydrol.—This decolorised dichloroiodides in N-hydrochloric 
acid with evolution of oxygen. In presence of starch, a blue colour 
appeared only after 5 hours, and disappeared after 18 hours. The 
greater the amount of hydrochloric acid, the slower the production 
of the blue colour. The colourless solution finally obtained gave 
(a) with thiosulphate a blue colour, discharged by dilute hydrochloric 
acid or by an excess of thiosulphate, (6) a large precipitate of iodine 
after addition of potassium iodide, and (c) a colourless solution when 
treated with iodic acid, and hence contained iodate but not iodide. 

17. Halides—With potassium iodide, hydrochloric acid solutions 
of dichloroiodides gave an instant deep blue colour in presence of 
starch. With potassium bromide, a deeper yellow colour but no blue 
was obtained ; addition of sodium thiosulphate to this solution gave 
successively a deep red, a blue, and a colourless solution. 

18. Immiscible Solvents —Carbon disulphide or benzene became 
pink, and ether became yellow, when shaken with dichloroiodides in 
hydrochloric acid. After separation and washing with water, the 
organic liquid failed to give a blue colour with starch solution unless 
thiosulphate or iodide was added. 

19. Action of Phenols.—No blue colour was obtained in presence 
of starch’on addition of phenols to the dichloroiodides in N-hydro- 
chloric acid. Interaction between the phenol and the solution 
nevertheless took place, and was studied quantitatively (see section 
25). 

The hydrochloric acid solutions exhibit greater similarity of 
reaction with aqueous solutions than was expected from theif 
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different appearances; but they react more slowly, and they contain 
less hypoiodous acid and very little (if any) free iodine. 

20. 0-001M-Dichloroiodide Solutions in Aqueous Sodium Chloride. 
—The colour of the dichloroiodides in aqueous sodium chloride 
varied from a light brownish-yellow with 0-1M- to a deep brown with 
0-001M-sodium chloride, the solutions having the odour of iodine. 
Unlike the behaviour in water or in hydrochloric acid, solutions 
in aqueous sodium chloride of 0-001, 0-004, and 0-020M-concentration 
gave a blue colour with starch in 5 minutes. The solution in 0-1M- 
sodium chloride remained light brown, but became blue on dilution, 
a 1 in 2} solution taking 72 hours, and a 1 in 5 solution, 24 hours; 
more dilute solutions failed to turn blue. 

21. Action of Sodium Hydroxide on Dichloroiodides in Aqueous 
Sodium Chloride-—Sodium hydroxide had a greater effect than water 
in accelerating the production of the blue colour with starch, 
the greatest effect being obtained when the ratio sodium 
hydroxide : dichloroiodide was about 2:1; the blue colour then 
appeared within 2 minutes. No blue colour appeared when the ratio 
was 4:1. The blue colour faded after a few days when the solutions 
were exposed to the action of light (in June) through a window facing 
west. Theinner surface of the corks of the test-tubes became slightly 
yellow. At the end of the experiment shown in Table IV, iodide 
and hypoiodite were absent, and iodate was present in amount 
roughly proportional to the original dichloroiodide. 


Tasie IV. 


Action of sodium hydroxide (1 c.c. of 0-001N-solution) on 0-001M- 
pyridinium dichloroiodide in 0-1M-sodium chloride solution. 


Blue colour with Blue colour with 
starch. starch. 


First Last First Last 
Solution Water appear- appear- Solution Water appear- appear- 
(c.c.). (@.e.). ance. - ance. (c.c.). (c.c.). anee. ance. 
9 5 mins, 4 days 6 4 24hours 21 days 
- 7 2days 14 


g 3 
7} AThours 9 ” . 8 piivg polg 
1 


63: B21 903-1Biiw 9 5 12 

5 Zh ng 12D 0 10 0 D os 12 
It is seen from the last: column that the blue colour disappeared most 
slowly when the molecular ratio of sodium hydroxide : dichloro- 
iodide was 1:5, which is clearly insufficient to neutralise the total 
acidity demanded by the equation BCIIC] + H,O ——> BCl + 
HCl + IOH but would suffice to remove the iodic acid formed in 
accordance with the further equation 51[0H —-> HIO, + 2H,0 + 
21,. No reason for this behaviour is yet known, but the large con- 
centration of sodium chloride is a factor to be considered. 
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22. Electrolysis of Dichloroiodides in Sodium Chloride Solution — 
The electrolysis of 0-001 M -pyridinium dichloroiodide in 0-1 M-sodium 
chloride solution containing starch in a U-tube with platinum wires 
as electrodes (2-volt battery) gave a blue colour around the cathode 
in 2 minutes; the anode solution remained light brown. Reversal 
of the current with the electrodes in situ produced a blue colour 
around the new cathode within 2 minutes. 

23. Acid.—The blue colour with starch given by dichloroiodides in 
dilute sodium chloride solution was discharged by dilute sulphuric 
acid (but was not due to hydrolysis of the starch). This loss of 
colour was more marked the greater the concentration of either the 
acid or the sodium chloride. From colorimetric trials, small changes 
in the acidity had the same effect as large changes in the sodium 
chloride concentration. In Table V the intensity of the blue 
colour decreases from left to right. 


TABLE V. 

Intensity of the blue colour produced with starch, pyridinium di- 
chloroiodide, sodium chloride, and dilute sulphuric acid. 
(Total vol., 11 ¢.c.) 

Proportions in g.-mols. 
iodide x 10* 7 ae Oe ee 


1 
Sodium chloride x 10~* ... 1 4 4 20 4 20 20 20 4 
8 


1 
Sulphuric acid x 0-5°x 10 6 ® 2.8 6:9:.3-8 9 20 
Colour Blue Light-blue Less blue Colourless 





idinium dichloro- 


The colours were compared 20 minutes and 20 hours after the 
beginning of the experiment, and the same order was recorded in 
each case, though there was a general slight loss of blueness observed 
at the longer time. 

24. Although convincing reasons for certain idiosyncrasies 
recorded in this section cannot yet be given, in their general char- 
acteristics the sodium chloride solutions of dichloroiodides lie 
between aqueous solutions and hydrochloric acid solutions. It 
seems likely that hydrochloric acid salutions and concentrated sodium 
chloride solutions give no blue colour with starch because formation 
of free iodine is prevented by the high chlorine-ion concentration. 
However, with less sodium chloride, free iodine due to the change 
51OH —+> HIO, + 2H,0 + 21, is probably present; and _ since 
Skrabal (Monatsh., 1911, 32, 167) has shown that electrolytes 
accelerate this change, these solutions are probably sufficiently rich 
in iodate and iodine to allow the latter to form sufficient iodide to 
give the blue colour with starch (by attacking the glass); for it is 
probable that in nearly neutral solution iodic acid decomposes 
iodides more slowly than does hypoiodous acid. 
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Freshly prepared aqueous solutions of dichloroiodides probably 
contain more hypoiodous acid than free iodine, and so they destroy 
iodide formed from the glass quickly enough to prevent the blue 
starch—iodide—iodine complex from being formed. 

25. The Influence of Hydrogen Ions and Chlorine Ions on the 
Composition of Solutions of Dichloroiodides——The rate at which 
phenol interacts with dichloroiodides was measured in mixtures of 
aqueous sodium chloride, sulphuric acid, and hydrochloric acid, in 
various proportions, so as to compare the relative retarding effects of 
the hydrogen and chlorine ions on the dissociation of the dichloro- 
iodide, as computed from the content of hypoiodous acid. For the 
latter can be estimated by the difference in thiosulphate titre of 
aliquot portions containing potassium iodide, before and after the 
addition of phenol, which in acid solution removes hypoiodous acid 
quantitatively but does not act directly on iodine chloride (Cofman, 
loc. cit.). 

Procedure. 0-001M-Solutions of pyridinium or phenyltrimethyl- 
ammonium dichloroiodide were made up below 30° in the acid— 
sodium chloride solutions of the requisite composition and were then 
cooled rapidly to 2°, the volume being 848 c.c. 48-7 C.c. were with- 
drawn for computation of the concentration at time 0, by addition to 
potassium iodide and titration of the liberated iodine by 0-002M- 
sodium thiosulphate (x). Into the remainder, at time 0, 48-7 c.c. of 
5% phenol solution at 2° were blown, and mixed by shaking for 40 
seconds. Measured portions were then withdrawn rapidly by pipettes, 
discharged at recorded times into potassium iodide solution, and 
titrated with 0-002M-thiosulphate solution with starch as indicator. 
The phenol being in large excess, nearly constant values were obtained 
for the velocity coefficient by use of the formula k = 2-3 (log,)C, — 
logs C'a)/(tg — t), ¢ being recorded in seconds and C in c.c. of 
0-002M-thiosulphate. These results are summarised in Table VI, 
in which & is the arithmetic mean of the individual values of k when 
the difference C, — C, exceeded 1-5 c.c. of thiosulphate for 25 c.c. of 
dichloroiodide solution—other values being excluded. Column 5 
shows the statistically calculated probable error of /, and is of the 
order of 1 to 2% owing to end-point difficulties with the very dilute 
thiosulphate in acid solution. Column 6 shows roughly the order of 
the initial concentration of hypoiodous acid expressed as a per- 
centage of the total titratable halogen, as computed from the mean & 
and less accurate C’, and x. 

From Table VI, it is evident that chlorine ions have decidedly the 
greater retarding effect, and hence it is probable that there is a stage 
intermediate between the undissociated dichloroiodide and its final 


ionised and hydrolysed products, such that the first and second 
HH2 
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Taste VI. 
0-001M-Pyridinium dichloroiodide. 


Added electrolytes. Probable error 
M-NaCi. N-HCI. N-H,S0O,. k. of k (+ ). 
0-0603 0-0007 
0-1032 0-0013 
0-1567 0-0019 
0-3705 0-0018 
2-417 unknown 
0-2808 0-0046 
0-432 0-0055 
0-662 0-0092 


0-5 

0-75 
0-90 
99 


2e222e2e?o" 
HS LOS 
Pld 


229 
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0-001M-Phenyltrimethylammonium dichloroiodide. 


0-0672 0:0017 
0-0965 0-0019 
0-202 0-0024 
0-389 0-0049 
0-308 0-0037 
0-456 0-0055 
0-849 0-0090 


5 


0 
5 
2 
1 
5 
A 
3 


o2° 
AQT 


changes are retarded by hydrogen and chlorine ions to different 
extents: Undissociated BCIICI +- water — Intermediate state — 
B+ Cil'+ 10H + H’'+ Cl’. The most likely alternatives for 
this intermediate state seem to be (a) B’ + Cl’ + ICI + (water), 
- (6) B+ Cl’ +T + Cr, (c) BCLIOH + H’ + Cl’, (d) B’ + [CHOH]’ + 
H’+ Cl’. Of these, the substance BCILOH and its ion [CIIOH]’ 
are hypothetical and have never been isolated, nor their existence 
inferred from other properties; nevertheless they might exist 
temporarily. If, however, the supposition of their existence is 
considered unlikely, the choice of a suitable intermediate state lies 
between (a) and its ionised form (5). It is difficult to believe that 
iodine monochloride in (a) could be wholly un-ionised, for it is well 
known to be an electrolyte when prepared in more usual ways. The 
most probable intermediate state seems therefore to be (5) or a 
mixture of (6) and (a), either of which involves recognition of a 
positively electrified iodine atom having a separate existence, though 
momentary in the presence of water, owing to its affinity for the 
hydroxyl ion with which it forms hypoiodous acid, or “ iodine 
hydroxide ”’ as others have named it. 


Thus in the reactions 
+ water 


BOUCIZZ B+ Cl +1 +0’ 22 B+ Cl +10H+H +l 
change 1 change 2 

chlorine ions govern the extent of change 1 without influencing 

change 2, whereas hydrogen ions affect change 2 but not change 1, the 

tendency for the transformation from left to right being retarded by 

the presence of substances with these common ions. If this inter- 
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pretation of these experiments is valid, the first change is the very 
simple one of the electrolytic dissociation of a double salt,* as 
opposed to the hydrolysis of a complex salt, and has constitutional 
significance. The device of writing + and — signs above the atoms 
in dichloroiodides, as was previously suggested for quaternary 
ammonium trihalides in general (J., 1926, 2528) to account for 
regularities in halogen replacement experiments, derives support 
from the experiments now recorded, and seems to be more than a 
mere mnemonic. The existence of charged atoms, however, does 
not prevent the substance from being in solution but undissociated, 
when the concentrations of chlorine ions and hydrogen ions are high 
owing to deliberate addition of substances containing these ions. 


Summary. 


Pyridinium and phenyltrimethylammonium dichloroiodides are 
highly dissociated in water, the solutions being rich in hydrogen ions, 
chlorine ions, hypoiodous acid and its decomposition products; 
molecular chlorine and iodide ions are absent. The retarding effect 
of electrolytes containing chlorine ions and hydrogen ions on the 
dissociation of the dichloroiodides has been measured, The 
probability that dichloroiodides are double salts containing a highly 
reactive, positively charged iodine atom is discussed. Hypoiodous 
acid behaves similarly towards phenolic substances and. aromatic 
amines. 


MariscHAL COLLEGE, 
UNIVERSITY OF ABERDEEN. [Received, February 15th, 1929.] 





CXIII.— Methoxy-derivatives of Thioxanthone. 
By Kenneta CHartes Rosperts and Samus. SMIzzs. 


Durinc the reduction of 1:4-dimethoxythioxanthone it was 
observed that the substance was soluble in concentrated hydro- 
chloric acid and that the red hydrochloride formed yielded a ferri- 
chloride and a chloroplatinate. Other methoxy-derivatives of 
thioxanthone then at hand did not exhibit this behaviour; hence 
the experiments now described were made with the purpose of 
determining the character of these salts and the structural conditions 
necessary to their formation. 

The methoxy-derivatives examined were obtained by the follow- 
ing methods: (1) Condensation of 2-thiolbenzoic acid with a 


* The happy analogy of KFHF as a substance similarly constituted was 
suggested by Professor Robert Robinson in conversation. 
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methoxy-derivative of benzene in presence of sulphuric acid (J. 
1910, 97, 1290; 1911, 99, 1353) : 


H S 
C,H, Ayan C,H,;OMe + 0 = CHA Cat OMe +2H,0 


(2) Dehydration of a 2-carboxy-derivative of diphenyl sulphide, 
for example, 


(a) onL NGy H,(OMe), or C,H 1\on H,(OMe), () 
‘CO-OH HO-0C’ 
These two types of acid were obtained either (method a) from 2-thiol. 
benzoic acid and a methoxy-halogen derivative of benzene or 
(method 6) from phenyl mercaptan and a 2-halogen derivative of a 
methoxybenzoic acid. 

Monomethoxy-derivatives.—Condensation of anisole with 2-thiol- 
benzoic acid led to a methoxythioxanthone which was evidently 
the 2-derivative (I), since it was also formed from 4-iodoanisole 
(method 2a). 1-Chloro-4-methoxythioxanthone (II) was obtained 
from 4-chloroanisole and 2-thiolbenzoic acid (method 1). The 
structure assigned to this substance was inferred from the fact that 


S OMe S Me 


a pe (IIT.) i 
treatment with p-toluidine easily replaced the halogen by the 
toluidino-group (compare Ullmann and Glenck, Ber., 1916, 49, 
2493, 2496). When 2-iodo-4-methoxytoluene, obtained by usual 
methods from 2-nitro-p-toluidine, was heated with sodium 2-thiol- 
benzoate in presence of copper acetate, 2’-carboxy-5-methoxy-2- 
methyldiphenyl sulphide (III) was obtained, and this with sulphuric 
acid yielded (method 2a) 1-methoxy-4-methylthioxanthone (IV). 
This substance was entirely different in chemical and physical 
properties from the product yielded by 4-methoxytoluene and 2-thiol- 
benzoic acid with sulphuric acid (method 1). Hence the latter 
material was 4-methoxy-1-methylthioxanthone (V). 


S OMe S OMe OMe S OMe 


C,H," OMe OMe 
HO, 
O Me O OMe O 


(V.) (VI.) (VII.) (VIII.) 
Dimethoxy-derivatives.—1 : 4-Dimethoxythioxanthone (VI) was 
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obtained (method 1) from p-dimethoxybenzene (Clarke and Smiles, 
J.. 1911, 99, 1539). When potassium 2-bromoveratrate and 
potassium phenyl mercaptide were heated together in presence of 
copper acetate, they yielded 6-carboxy-2 : 3-dimethoxydiphenyl 
sulphide (VII); this with sulphuric acid (method 26) furnished a 
dimethoxythioxanthone which must therefore be regarded as the 
3:4-derivative (VIII). Reaction of 4-iodoveratrole with sodium 
2-thiolbenzoate gave an acid which was evidently 2’-carbory-3 : 4- 
dimethoxydiphenyl sulphide (IX). Dehydration of this material 
might lead to either of the two dimethoxythioxanthones (X or XI). 
In experiment, two such derivatives were isolated as a result of this 
process, but one of them, later shown to be the 1 : 2-derivative (XI), 
was produced in only very small amount and was removed from 










hiol aa, ow 8 

ntly 5 ‘ 

file i: OMe OL 
ined O OMe 
The (LX.) 4 ) (XI.) 





the mixture by means of its more soluble and stable hydrochloride. 









le A similar mixture of these two dimethoxythioxanthones was 
4 obtained by condensation of veratrole with 2-thiolbenzoic acid 
| Hf (method 1). Reaction of pyrocatechol with 2-thiolbenzoic acid in 

a sulphuric acid yielded a dihydroxythioxanthone which was easily 
p converted by methylation in aqueous alkaline media into the 
dimethoxythioxanthone obtained as the chief product from the 

the 2'.carboxy-sulphide (IX) by dehydration. The choice of structure 





to be assigned to this dihydroxythioxanthone therefore lies between 
the 2:3 and 1 : 2 arrangements (compare X and XI). The former 
alternative is indicated by the ease with which the substance is 
methylated and is confirmed by the fact that treatment with 
boroacetic anhydride did not yield a co-ordinated diacetoborate 
but merely gave the diacetoxythioxanthone. The valuable work of 
Dimroth (Ber., 1921, 54, 3020; Annalen, 1926, 446, 97) on the use 
of this reagent in determining the structure of aromatic hydroxy- 
ketones has shown that this behaviour is incompatible with the 
presence of the o-hydroxy-group. It may be added that examin- 
ation of hydroxythioxanthones has confirmed Dimroth’s wider 
experience in other classes of similar hydroxy-ketones and that all 
the 1-hydroxythioxanthones examined, including 1 : 2-dihydroxy- 
derivatives, yield stable and characteristic diacetoborates. Hence 
the related dimethoxy-derivative which forms the chief product 
when the sulphide (IX) is dehydrated must be the 2 : 3-isomeride 
(X), leaving for the subordinate product the 1 : 2 structure (X1). 













Me 








as 
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Trimethoxy-derivative-—Reaction of pyrogallol trimethyl ether 
and 2-thiolbenzoic acid (method 1) gave a trimethoxythioxanthone 
which had the same melting point as that recorded for the 2 : 3: 4. 
derivative prepared by Ullmann and Sone (Ber., 1911, 44, 2146) 
from the corresponding trihydroxythioxanthone. Since there were 
reasons for suspecting that a small quantity of an isomeride might 
be present in this material, the required 2:3 : 4-trimethoxy. 
thioxanthone (XII) was obtained from 1-iodo-2 : 3 : 4-trimethoxy. 

4 


S OMe OMe 


OMe OMe 
(XII.) Oui OMe 2) 
O 


benzene (XIII) (Graebe and Suter, Annalen, 1905, 340, 222) and 
2-thiolbenzoic acid (method 2a). 

Perchlorates.—Since a perchlorate of thioxanthone is obtained 
under anhydrous conditions (Gomberg, Annalen, 1910, 376, 211), 
it is not surprising that most of these methoxy-derivatives yield 
perchlorates under less stringent conditions. Under the conditions 
described, perchlorates of normal composition were isolated from all 
except the 1-chloro-4-methoxy- (II) and 4-methoxy-l-methy] (V) 
thioxanthones. 

Hydrochlorides—All the methoxy-derivatives examined, except 
these two 4-methoxy-compounds, dissolve with varying facility in 
warm concentrated hydrochloric acid, those containing 1-methoxy| 
being exceptionally soluble compared with the others. The hydro- 
chlorides, isolated from the cooled medium, were too readily hydro- 
lysed to be analysed, but the corresponding chloroplatinates and 
ferrichlorides of 1:4- and 2:3-dimethoxythioxanthones were 
sufficiently stable. These salts of 1 : 4-dimethoxythioxanthone had 
the normal composition X,,H,PtCl, and X,HFeCl,, but the 2: 3- 
derivative yielded a ferrichloride, X,,HFeCl,. The formation of 
hydrochlorides was further examined by reaction with dry hydrogen 
chloride at atmospheric pressure and temperature; the results are 
collected in the second column of the following table. The relative 
stability of the salts of these derivatives was also studied with the 
aid of the method devised by Baeyer and Villiger (Ber., 1902, 3, 
3020). This process has been used with full recognition of the 
errors to which it is liable (compare Ziegler and Boye, Annalen, 
1927, 458, 229), but with suitable precautions the chief objections 
to its use were overcome. Column IV of the table gives the volumes 
(c.c.) of alcohol which were required for decomposition of the 
halochromic salts formed from equimolecular proportions of the 
thioxanthone derivatives under standard conditions. Quantitative 
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accuracy is not claimed for these data; they are recorded as illus- 
trating the approximate stability of the salts of the various deriv- 
atives compared with that formed from thioxanthone itself. 

a II. Tit. IV. 


Mols. HCl Colour C.c. alcohol 
Derivative. absorbed. of salts. required. 


Thioxanthone None. 7 

1-Chloro-4-methoxy None. — 6-5 

4-Methoxy-l-methyl- , None. —- 7 

2-Methoxy HCl absorbed; Orange. 10 
product unstable. 


: 4-Dimethoxy- ............04+ HCl absorbed; Orange. 12 
product unstable. 

: 3: 4-Trimethoxy- ca. 1-5; unstable. Orange. 10 

: 3-Dimethoxy- Orange. 14 

: 2-Dimethoxy- ...........66+ Crimson. 26 

: 4-Dimethoxy- Crimson. 28 


-Methoxy-4-methyl- Deep red. 30 
: 4-Dimethyl- ...........0.6-++ 4 ~— 7-8 
4-5 


: 4-Dimethoxy-dioxide ; —- 

: 3-Dimethoxy-dioxide a 0 

The results obtained by these two methods (columns II and IV) 
are in qualitative agreement. The stability of the salts of these 
methoxy-derivatives evidently does not primarily depend on the 
number of methoxy-groups present, but is more readily influenced 
by their position. The 4-methoxy-group does not favourably 
influence the basic character of the thioxanthone nucleus, in fact in 
certain cases the group in question may have an adverse effect; 
this appears on comparing the behaviour of the 2:3-, 2:3:4-, 
and 3: 4-derivatives. Also it is clear that the salts of 1-methoxy- 
thioxanthones have exceptional physical properties and are more 
stable than those formed by other methoxy-derivatives. On 
comparing the 3:4- and 1 : 4-isomerides, the enhanced effect of 
l-methoxyl in comparison with 3-methoxyl becomes apparent; 
and the contrast between 1-methoxy-4-methylthioxanthone and its 
epimeride is even more striking. Another interesting feature is 
the inert character of the sulphones derived from the 1:4- and 
3 : 4-dimethoxythioxanthones. Before a discussion of the structure 
of these salts and of the remarkable influence of the 1-methoxy] can 
be profitably undertaken, further evidence is desirable; this is being 
collected and will be given in a future communication. 


EXPERIMENTAL. 

2-Carboxy-derivatives of Diphenyl Sulphide (2a and 26).—2’- 
Carboxy-4-methoxydiphenyl sulphide, MeO-C,H,’S-C,H,CO,H. Amyl 
alcohol (17 ¢.c.), containing 2-thiolbenzoic acid (4-9 g.), 4-iodoanisole 
(7-5 g.), potassium carbonate (4-5 g.), and a little copper acetate, was 
boiled for 16 hours. After addition of aqueous alkali hydroxide 
the aleohol was removed by a current of steam, and the filtered 
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solution mixed with an excess of dilute hydrochloric acid. The 
required acid, which was precipitated (90% yield), separated from 
acetic acid in needles, m. p. 232° (Found : C, 64-1; H,4-5. C,,H,,0,8 
requires C, 64-6; H, 4-6%). 

2’-Carboxy-5-methoxy-2-methyldiphenyl sulphide (III). The 
reduction of 2-nitro-4-methoxytoluene was effected by tin and 
hydrochloric acid under the usual conditions or by the method 
described by West (J., 1925, 127, 494), but the latter gave poor 
yields. The product obtained by the former method was purified 
by a current of steam in order to separate a small quantity of a 
less volatile base (m. p. 112°) containing halogen. This material 
(compare Beilstein and Kuhlberg, Annalen, 1870, 156, 85) was 
evidently chloro-4-methoxy-o-toluidine (Found: C, 55-8; H, 5-6; 
M,175. CgH,ONCI requires C, 56-0; H, 5-8%; M, 171-5) and 
appeared to be identical with the substance (m. p. 111°) encountered 
in this process by Limpach (Ber., 1889, 22, 791) and described by 
him as 4-methoxy-o-toluidine. 

When the diazotised 4-methoxy-o-toluidine was treated with 
potassium iodide under the usual conditions, 2-iodo-4-methoxy- 
toluene was obtained in good yield. Purified by distillation under 
atmospheric pressure, it was a pale yellow liquid, b. p. 252—253° 
(Found: C, 38-7; H, 3-5. C,H,OI requires C, 38-7; H, 3-6%). 

Amy! alcohol (17 c.c.), mixed with 2-iodo-4-methoxytoluene 
(7-9 g.), 2-thiolbenzcic acid (4-9 g.), dry potassium carbonate (4-5 g.), 
and a little copper acetate, was boiled (16 hours). The usual treat- 
ment (vide supra) then gave the crude product (75% yield), which was 
purified from acetic acid. The substance (III) formed colourless 
needles, m. p. 176—177° (Found: C, 65-7; H, 5-0. C,;H,,0,8 
requires C, 65-7; H, 5-1%). 

2’-Carboxy-3 : 4-dimethoxydiphenyl sulphide (IX). 4-Iodoveratrole, 
obtained from 4-aminoveratrole by the usual method, was condensed 
with 2-thiolbenzoic acid in boiling amyl alcohol in presence of 
carbonate and copper acetate. The required derivative of diphenyl 
sulphide separated from acetic acid in plates, m. p. 212—213° 
(Found: C, 62-2; H, 4-9. C,;H,,0,S requires C, 62-1; H, 4-8%). 

Derivatives of Thioxanthone.—The perchlorates described were 
obtained by addition of perchloric acid to a benzene solution of 
the methoxy-derivative concerned which had been saturated with 
hydrogen chloride, and the precipitated salts were analysed after 
the usual treatment. The formation and composition of hydro- 
chlorides was examined by submitting the methoxy-derivatives to 
the action of hydrogen chloride until constant weight had been 
attained. The approximate relative stabilities of the salts of these 
thioxanthone derivatives, as indicated by column IV of the table 
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(p. 867), were studied by the following method. A solution of the 
sulphate was obtained by adding a mixture (2 c.c.) of sulphuric 
and acetic acids (1 : 2 by vol.) to a solution of 0-00025 mol. of the 
thioxanthone in acetic acid (5 c.c.). Alcohol was then added until 
decomposition of the salt was complete, the end-point being 
indicated by comparison with solutions of similar dilution without 
sulphuric acid. In cases where the presence of sulphuric acid caused 
a permanent change in the colour, titration was continued until 
the colour was the same as that of a solution of similar composition 
and “ permanent ”’ tint. 

2-Methoxythioxanthone (I) was obtained from 2’-carboxy-4- 
methoxydiphenyl sulphide by treatment (1 hour) with sulphuric 
acid at 15°. The product, isolated by addition of ice, separated from 
chloroform in bright yellow needles, m. p. 129°; it was identical 
with the methoxythioxanthone obtained from anisole and 2-thiol- 
benzoic acid (J., 1910, 97, 1296). 2-Hydroxythioxanthone (J., 1928, 
3158) was formed in both these methods if solution in sulphuric acid 
was prolonged. The orange perchlorate was isolated in the manner 
described (Found: HClO,, 29-1. C,,H,)0,8,HCIO, requires 
HClO,, 29-3%). This thioxanthone was slightly soluble in hot 
concentrated hydrochloric acid and absorbed dry hydrogen chloride, 
but the product of the latter process was too unstable to permit 
quantitative examination. 

1-Chloro-4-methoxythioxanthone (II). A mixture of 2-thiol- 
benzoic acid (6 g.), sulphuric acid (150 c.c.), and 4-chloroanisole 
(l6g.) was stirred (14 hours). After isolation by addition of ice and 
treatment with alkali to remove acids and phenols, the product (8 g.) 
crystallised from acetone in pale yellow needles, m. p. 196° (Found : 
(, 60:7; H, 3-4; Cl, 12-5. C,,H,O,CIS requires C, 60:7; H, 3-3; 
(1, 12-89%). The substance did not yield a perchlorate or hydro- 
chloride by the methods described. When a solution in p-toluidine 
containing potassium acetate and a little copper acetate was boiled 
(15 mins.), the haiogen was replaced by the p-toluidino-group (com- 
pare Ullmann and Glenck, loc. cit.). 1-p-Tolwidino-4-methoxy- 
hioxanthone separated from alcohol in red needles, m. p. 133°, which 
yielded a yellow hydrochloride (Found : C, 72-6; H, 5-2. C,,H,,O,NS 
requires C, 72-6; H, 4-9%). 

4-Methoay-1-methylthioxanthone (V). Condensation of 4-methoxy- 
oluene and 2-thiolbenzoic acid was effected as described in the 
‘ase of 1-chloro-4-methoxythioxanthone. The substance separated 
tom alcohol in pale yellow needles, m. p. 162°, was insoluble in warm 
oncentrated hydrochloric acid, and did not yield a perchlorate 
nder the conditions described (Found : C, 70-0; H, 4-8. C,;H,,0,8 
‘quires C, 70-3; H, 4:7%). 
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1-Methoxy-4-methylthioxanthone (IV). A solution of 2’-carboxy-3. 
methoxy-6-methyldiphenyl sulphide (III) in ten times its weight of 
cooled sulphuric acid was stirred (1 hour). After addition of ice a 
red sulphate separated, but with excess of water this was hydrolysed, 
yielding (50°) the required thioxanthone. This separated from hot 
alcohol in bright yellow needles, m. p. 128° (Found : C, 70-2; H, 4-7, 
C,;H,,0,8 requires C, 70:3; H, 4:7%). The substance was soluble 
in warm hydrochloric acid and absorbed dry hydrogen chloride, 
forming a red hydrochloride (Found: HCl, 29-9. C,;H,,0,8,3Hd 
requires HCl, 29-9°%%). The crimson perchlorate was relatively stable, 
being slowly hydrolysed by cold water (Found: HCI0,, 28:2. 
C,;H,,0,8,HCI1O, requires HC1O,, 28-1%). 

1 : 4-Dimethoxythioxanthone (VI) prepared by the method of 
Clarke and Smiles (loc. cit.) was readily soluble in concentrated 
hydrochloric acid; the hydrochloride separated in crimson needles 
from the cooled solution. With the dry reagent a dihydrochloride was 
formed (Found: HCl, 21-2. C,;H,,0,8,2HCl requires HCl, 21-1°,), 
The chloroplatinate was obtained as sparingly soluble, deep red needles 
by adding chloroplatinic acid to a solution of the hydrochloride in 
alcohol [Found: Pt, 20-3. (C,;H,,0,8),,H,PtCl, requires Pt, 
20-4%]. The ferrichloride separated in red needles when a solution 
of the hydrochloride in acetic acid was mixed with ferric chloride 
in the same solvent (Found: Fe, 11-6. C,;H,,0,8,HFeCl, requires 
Fe, 11-9%). The crimson perchlorate was obtained in the usual 
manner (Found: HC1Q,, 26-8. C,;H,,0,8,HCIO, requires HCI0,, 
27-0%). 

3:4-Dimethoxythioxanthone (VIII). 2-Bromoveratric acid (3-4 g.), 
thiophenol (1-8 g.), potassium carbonate (1-8 g.), and a little 
copper acetate were kept in boiling amyl alcohol (34 hours). The 
required acid (VII) was isolated by the usual method (vide supra) 
in the crystalline state; it was converted by solution in sulphuric 
acid (1 hour; 15°) into the required thiowanthone. This was 
isolated in the usual manner; it separated from hot alcohol in pale 
yellow needles, m. p. 185° (Found: C, 66-0; H, 4:5. C,;H,,0,8 
requires C, 66-2; H, 44%). The orange perchlorate was obtained 
in the usual way (Found: HCIO,, 26-9. C,;H,,.0;8,HCIO, requires 
HCl0,, 270%), but the hydrochloride, evidently formed by reaction 
with dry hydrogen chloride, was too unstable for examination. This 
dimethoxythioxanthone was very slightly soluble in warm hydro- 
chloric acid. i 

2: 3-Dihydroxythioxanthone (compare X). Pyrocatechol (3 ¢:) 
was gradually added to cooled stirred sulphuric acid (40 c.c.) which 
contained 2-thiolbenzoic acid (2 g.). The solid which separated 
after addition of ice was collected and dissolved in aqueous alkali 
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hydroxide; the required substance was liberated from this solution 
by carbonic acid. It separated from acetic acid or alcohol in orange 
needles which firmly retained these solvents; it was brought to 
analysis as the diacetyl derivative, pale yellow needles, m. p. 191°, 
from aleohol (Found: C, 61-9; H, 3-8. C,,H,,0,S requires 
C, 62-2; H, 36%). Oxidation of the hydroxythioxanthone yielded 
the dioxide (J., 1928, 3159), and aqueous alkaline methylation 
furnished the dimethoxy-derivative, m. p. 172°. The substance 
gave a yellow solution in boiling acetic anhydride which contained 
boroacetic anhydride (compare Dimroth, lec. cit.): when this was 
cooled, the diacetyl derivative separated in the crystalline state; 
it was identified with a sample prepared by another method. The 
formation of a boroacetate was not observed. In contrast with this 
behaviour, that of 1 : 4-dihydroxythioxanthone is described. With 
the reagent in question, this substance furnished a crimson boro- 
acetate which was decomposed by boiling water, yielding 1-hydroay- 
4-acetoxythioxanthone, which formed yellow needles, m. p. 171°, 
from alcohol (Found: C, 62:8; H, 3-6. C,;H,,0,S requires 
C, 62:9; H, 35%). For comparison, 1 : 4-diacetorythioxanthone 
was prepared in the usual manner; it formed yellow needles, m. p. 
168°, from aleohol (Found: C, 61-7; H, 3-6. C,,H,,0,;S requires 
C, 62-2; H, 36%). A mixture of this with the monoacetyl deriv- 
ative melted indistinctly below 150°. 

2: 3-Dimethoxythioxanthone (X). 2’-Carboxy-3 : 4-dimethoxy- 
diphenyl sulphide (IX) was converted into the thioxanthone by 
solution in sulphuric acid. The product, isolated in the usual way, 
contained two substances, one of which was present in only small 
quantity and gave a more soluble, crimson hydrochloride. The 
material was triturated with concentrated hydrochloric acid, the 
deep red filtrate being set aside. The sparingly soluble, yellow 
hydrochloride was treated with this reagent until the red salt was 
removed. The residue was then decomposed with water and the 
liberated thioxanthone, purified from alcohol, was obtained in pale 
yellow needles, m. p. 172° (Found: C, 65-9; H, 4-4. C,;H,,0,8 
requires C, 66-2; H, 44%). The substance was sparingly soluble 
in concentrated hydrochloric acid. The orange hydrochloride was 
obtained by reaction with hydrogen chloride (Found: HCl, 21-2. 
C,;H,,0,8,2HCl requires HCl, 21:2%). When a solution of ferric 
chloride in acetic acid was added to a solution of the thioxanthone 
in this medium which had been saturated with hydrogen chloride, 
the ferrichloride separated in orange needles [Found: Fe, 7-4. 
(C,;H,,0,8),,HFeCl, requires Fe, 7-5%]. Under conditions which 
provided a large excess of ferric chloride, a chocolate-brown ferri- 
chloride separated in plates (Found: Fe, 11-9. C,;H,,0,8,HFeCl, 





872 METHOXY-DERIVATIVES OF THIOXANTHONE. 


requires Fe, 11-9%). This dimethoxythioxanthone was also pre. 
pared by (1) aqueous alkaline methylation of the dihydroxythio. 
xanthone obtained from pyrocatechol and 2-thiolbenzoic acid in 
sulphuric acid and (2) condensation of veratrole with 2-thiolbenzoic 
acid in the same medium. The latter method was the more con- 
venient (yield, 30%), but the product contained a small quantity of 
the 1 : 2-dimethoxy-derivative, which was removed by treatment 
with hydrochloric acid. 

1 : 2-Dimethoxythioxanthone (XI) was contained in the red solution 
of the more soluble hydrochloride removed during purification of 
the 2 : 3-derivative as described in the previous paragraph. The 
thioxanthone was recovered from this by treatment with water, the 
process of fractionating the hydrochloride being repeated ; finally 
the thioxanthone was obtained in yellow needles, m. p. 143—144°, 
from acetic acid (Found: C, 66-6; H, 4:7. C,;H,,0,8 requires 
C, 66-2; H, 4.4%). The substance gave a crimson hydrochloride 
and perchlorate. 

2:3:4-Trimethoxythioxanthone (XII). A mixture of 2-thiol- 
benzoic acid (3 g.), 1 : 2 : 3-trimethoxybenzene (4 g.), and sulphuric 
acid (60 c.c.) was warmed until a clear solution was obtained. The 
product, isolated after the usual treatment, separated from alcohol 
in pale yellow needles, m. p. 150° (Ullmann and Sone record m. p. 
153—154° for the methylation product of 2: 3 : 4-trihydroxythio- 
xanthone). Since this mode of preparation does not exclude the 
presence of the 1:2: 3-isomeride as an impurity, the material 
required for further examination was prepared from 1-iodo-2 : 3 : 4- 
trimethoxybenzene (Graebe and Suter, loc. cit.) and 2-thiolbenzoic 
acid in presence of alkali carbonate and copper acetate by the usual 
method. The carboxylic acid obtained was dissolved in warm 
sulphuric acid (15 mins.), from which ice precipitated the 2: 3 : 4- 
trimethoxythioxanthone. After purification this had m. p. 150° 
and was identical with the material obtained by the other method 
(Found: C, 63-8; H, 4:8. Cale.: ‘C, 63-6; H, 46%). The 
substance was sparingly soluble in warm hydrochloric acid, and 
the orange salt prepared with the dry reagent was unstable, 
losing hydrogen chloride during manipulation (Found: HCl, 16-5. 
C,¢H,,0,8,2HCl requires HCl, 19-5%). The orange perchlorate 
had the normal composition (Found : HCIO,, 25-0. C,,H,,0,8,HCI0, 
requires HCIO,, 24-9%). 

Krne@’s CoLLtEGE, LonDon. [Received, February 26th, 1929.] 
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CXIV.—The Unsaponifiable Matter from the Oils of 
Elasmobranch Fish. Part V. The Constitution 
of Squalene as deduced from its Degradation Pro- 
ducts. 


By Istpok Morris Hemsron, Wititiam MorGan OWENS, and 
Ian ALEXANDER SIMPSON. 


SINCE our previous publication on this subject (Heilbron, Kamm, 
and Owens, J., 1926, 1630), in which reference was made to a pre- 
liminary communication by André and Canal (Compt. rend., 1925, 
181, 612), a detailed account of their work has appeared (Ann. 
Chim., 1927, 7, 69). These authors seemingly hold the view that 
either squalene is not a single substance or, if it is, its formula is best 
represented as C,,H,, (or possibly C,,H,,) but not as that of a 
dihydrotriterpene, C,,H;,. Criticism of our results is based on the 
ground that analyses of the hydrohalides are insufficient to allow of 
a decision being made with regard to the constitution of the hydro- 
carbon owing to the salts being incompletely saturated. If this 
be so, it is certainly a striking coincidence not only that the majority 
of André and Canal’s analytical values for both the hydrochlorides 
and the hydrobromides indicate the C,,H;, formulation, but that in 
more than fifty analyses of the isomeric hydrochlorides, prepared 
in these laboratories from squalene obtained from various sources, 
the percentages of carbon, hydrogen, and halogen are in every case 
in agreement with this formula (compare also Tsujimoto, J. Ind. 
Eng. Chem., 1916, 8, 889). The results obtained by André and 
Canal, for details of which their original paper must be consulted, 
are so conflicting that criticism is rendered difficult. That they 
themselves feel some uneasiness regarding their own inferences is 
apparent from a further communication (Bull. Soc. chim., 1928, 44, 
371) in which they seemingly come to our conclusion (Heilbron, 
Kamm, and Owens, loc. cit.) that the two hydrochlorides of different 
melting point are actually isomerides and are not salts of neigh- 
bouring homologues. As regards the formula C,,H,,., this is now 
left an open question. 

We would point out that the dihydrotriterpene structure for 
squalene was not advanced solely on the analytical values of the 
hydrohalide salts : other factors were taken into consideration. Of 
these, its typical terpene character as evidenced by (a) the pyrogenic 
decomposition products, (6) the ease with which it undergoes ring 
closure, and (c) the substances obtained by the action of ozone 
(Majima and Kubota, Jap. J. Chem., 1922, 1, 19), may be cited. 
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The present communication deals with work primarily undertaken 
with the idea of proving that under all methods of attack squalene 
yields decomposition products typical of those to be anticipated 
from a triterpene hydrocarbon. The results actually obtained have, 
however, enabled us to ascribe definite structural formule to the 
isomeric hydrocarbons of which it is composed. 

In the first place we have repeated our previous work on the 
distillation of squalene, using larger quantities of the hydrocarbon 
and examining especially the low-boiling fraction from which 
Chapman (J., 1918, 113, 458; 1923, 123, 769) obtained a cyclic 
hydrocarbon similar in physical characteristics to cyclodihydro- 
myrcene (compare also Majima and Kubota, loc. cié.). Fractions 
agreeing closely with those obtained by these authors have been 
isolated, but we consider them to be constant-boiling mixtures 
rather than individual substances. 

We have also repeated the hot-wire method of decomposition 
employed by Chapman (J., 1923, 123, 769) and here again our 
experiments have failed to confirm the existence of a single substance 
such as the diolefinic hydrocarbon, heparene (C,)H,,), isolated by 
him. Indications of the presence of an unsaturated open-chain 
terpene (myrcene ?) have been furnished by an experiment in which 
the monoterpene fraction was boiled with formic acid, whereby a 
high-boiling hydrocarbon closely resembling dimyrcene in physical 
characteristics was separated (Semmler and Jones, Ber., 1913, 46, 
1566). Its appearance in this manner is obviously the result of 
the polymerisation of some constituent of lower molecular weight 
in the original mixture. 

In the hope of being able definitely to identify some particular 
monoterpene, we made attempts with each fraction of seemingly 
homogeneous nature to isolate a solid derivative, such as the bromide 
or the hydrochloride, but only uninviting oily products were 
obtained. 

Action of Ozone upon Squalene.—By -the action of ozone upon 
squalene, Majima and Kubota (loc. cit.) readily obtained a hexa- 
ozonide from which carbon dioxide, acetone, acetone peroxide, 
formaldehyde, formic acid, succinic acid and levulic acid were 
produced on decomposition with water. In addition, two acidic 
substances were isolated in small quantity, to which the formule 
C,H,,0; and C,H,,0, were ascribed, without, however, their 
structures being determined. We have repeated this investigation 
and have not only confirmed the formation of all the above products, 
but ascertained that the two supposed acids are in reality peroxides. 
The compound of lower molecular weight, m. p. 195°, has actually 
the formula C;H,O, and is identical with levulic aldehyde peroxide 
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(compare Harries, Ber., 1905, 38, 1201): the substance C,H,,0,, 
m. p. 136°, appears to be a complex peroxide of methylheptenone. 

Oxidation of Squalene with Potassium Permanganate.—The action 
of potassium permanganate upon squalene was examined by Chap- 
man (J., 1923, 423, 769), who, however, was unable to isolate any 
derivatives likely to throw light on its constitution. On treatment 
with alkaline permanganate the formation of “a little acetone 
together with a trace of some fragrant ketone ” was noted, but the 
bulk of the hydrocarbon either remained unattacked or was com- 
pletely destroyed according to the conditions employed. 

The results obtained by us substantially confirm these findings, 
but, by treatment of squalene in acetone solution with solid potassium 
permanganate at room temperature, two ketones have been isolated 
in minute amount, one of which we have definitely characterised as 
dihydro-y-ionone (geranylacetone). The formation of this ketone 
adds an important link to the evidence of the terpenoid nature of 
squalene, proving as it does the presence of the carbon skeleton 


Pa ie ey The other ketone is almost certainly methyl- 
heptenone, and its presence accords well with the isolation of the 
(,H,,O0, peroxide. An acid portion has also been obtained from 
which succinic acid has been separated. 

The greater part of the squalene was recovered unchanged and 
was further treated with an excess of potassium permanganate in 
the heat. Even under these drastic conditions about 40% of the 
squalene was unacted upon, the remainder being completely burnt 
to carbon dioxide. The residual squalene yielded a hydrochloride 
(m. p. 105—116°) from which, after one crystallisation, mainly the 
high-melting isomeride was obtained. The ready formation of this 
hydrochloride, which is only slowly accumulated from untreated 
squalene, adds further support to our contention (Heilbron, Kamm, 
and Owens, loc. cit.) that squalene is a mixture of two isomerides 
and suggests that one isomeride is more readily broken down than 
the other. 

Oxidation of Squalene with Chromyl Chloride—The additive 
products obtained by treating a solution of squalene in carbon 
disulphide with chromy] chloride in the same solvent furnished, on 
decomposition with water, small amounts of formaldehyde, acet- 
aldehyde and succinic acid, together with much unworkable resinous 
material. In the last respect the results are similar to those recorded 
by Chapman (Analyst, 1927, 52, 622) but, contrary to the findings 
of this author, the completely saturated addition product was 
obtained with twelve molecules of,chromy] chloride instead of eight. 

Squalene Dodecabromide.—As early as 1916, Tsujimoto (J. Ind. 
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Eing. Chem., 8, 894) found that squalene formed an addition com. 
pound with bromine, m. p. 170—176° (decomp.), to which he 
ascribed the formula C3,H, .Br,,. Chapman (J., 1917, 111, 63) 
also has described a dodecabromide of spinacene, m. p. 185°, which 
he found was divisible into two portions differing in solubility but 
having the same composition (C3,H,)Br,,). In a further paper 
(J., 1918, 113, 458) this author commented on the fact that the 
purified dodecabromide was the sole exception to his amended formula 
for spinacene (C,,H,,), but ultimately, by crystallisation of the less 
soluble portion from a mixture of tetrachloroethane and alcohol, a 
compound conforming to this formula was obtained (J., 1923, 
123, 770). 

In the present work, squalene from several sources was carefully 
brominated at — 25°, and the colourless bromide separated into a 
high- and a low-melting product by means of ethyl acetate. The 
latter, which was the more soluble, rapidly darkened in moist air 
and, owing to decomposition, could not be recrystallised. On the 
other hand, the high-melting, insoluble dodecabromide (m. p. 198°) 
was stable and gave analytical values definitely fixing its formula 
as C3,5H.Bryo. 

Discussion of Results. 

Although we have failed to obtain any direct information, leading 
to the elucidation of the structure of squalene, from the results of 
our examination of the low-boiling pyrogenic decomposition 
products, there can be little doubt that these constitute a complex 
mixture of mono- and dihydromono-terpenes. That a mixture 
of this nature should exist is in strict accord with our view that 
squalene is a dihydrotriterpene, and finds confirmation both in the 
work previously carried out (Part I) and in our isolation of methyl- 
heptenone and dihydro-/-ionone. The formation of these ketones 
together with the appearance of acetone, levulic aldehyde and 
levulic acid among the decomposition products of the ozonide 
affords striking confirmation of our previously suggested structure 
(Heilbron, Kamm, and Owens, loc. cit.) for one form of squalene (I). 


(.) CMe,:CH-CH,-(CH,-CMe:CH-CH,],-CH,-CMe:CHMe 
(II.) CMe,:CH-CH,-[CH,*C(:CH,)*CH,CH,],CH,“CMe:CHMe 


Such a structure, however, fails to account for the formation of 
carbon dioxide (8-5%), formaldehyde, formic acid and succinic acid 
(28%) in the same decomposition. We are therefore forced to the 
conclusion that at least one isomeride must exist, and for this we 
suggest formula (II), a structure which has already been deduced 
from the hydrogenation of squalene (Heilbron, Hilditch, and Kamm, 
J., 1926, 3131). 
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The formation of formaldehyde and acetaldehyde in the chromyl 
chloride reaction is also in harmony with the above formulations, 
for, whereas the former obviously arises from the >C:CH, group 
(formula II), the latter is produced by scission at the double bond 
of the terminal group CMe:CHMe common to both structures. 

The weight of the oxidation products isolated by us from the 
ozone treatment accounts for fully 90% of the squalene used (Majima 
and Kubota obtained a somewhat higher percentage)—a fact which, 
taken in conjunction with the other evidence now provided, appears 
to us to refute André and Canal’s contention that squalene has a 
molecular formula other than C,,H;,. 


EXPERIMENTAL. 


Squalene from the liver oil of Centrophorus granulosus was 
originally employed, but later the hydrocarbon was extracted from 
Spinax niger and Scymnorhinus lichia. In no case, however, was 
any difference observed in the characteristics of the pure hydro- 
carbon, which was worked up by the distillation process previously 
described (Heilbron, Kamm, and Owens, loc. cit.). 

Decomposition of Squalene by Heat.—The hydrocarbon was dis- 
tilled in portions not exceeding 400 g. at 300—350 mm. in an 
atmosphere of nitrogen. Excluding the hemiterpene fraction, which 
has previously been shown to consist mainly of the amylene 
(Me,:CHMe, a typical decomposition yielded a clear, golden-yellow, 
mobile liquid (yield, 70%). The residue consisted of a dark brown, 
very viscous liquid which hardened to a horny mass on standing. 
The distillate was roughly fractionated at 20 mm. in an atmosphere 
of nitrogen and the monoterpene portion (n$* 1-4634) boiling 
between 40° and 100° (30% of the total) was collected and subjected 
to careful fractional distillation. No evidence of the presence of 
any homogeneous fraction was obtained, the temperature rising 
gradually throughout the whole operation. The most abundant 
fraction, b. p. 60-—63°/15 mm. (Majima and Kubota find 64—66°/ 
18 mm. for their hydrocarbon similar to cyclodihydromyrcene), was 
obtained as a pale yellow liquid (30%), dj’* 0-8225, nj” 1-4619 
(Found: C, 87-5; H, 12-4; iodine value, 316. C,)H,¢|2 requires 
C, 88-2; H, 118%; iodine value, 373. C,)H,,|; requires C, 87-0; 
H, 13-0% ; iodine value, 184). The non-homogeneous character of 
the fraction indicated by the analytical data was confirmed by 
tefractionation from a Willstatter flask; the seemingly constant- 
boiling liquid then distilled over a much wider range (162—177°/ 
740 mm.) and the physical constants of the collected fractions 
changed uniformly with rise in boiling point. 

Decolorisation of the Monoterpene Fraction.—As all the distillates 
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obtained by the above method of decomposition were of a bright 
yellow colour, appropriate fractions from different experiments were 
mixed together and thrice distilled over sodium, whereby colourless, 
pleasant-smelling, mobile liquids resulted. Of the larger fractions, 
the following are of especial interest, as they closely approximate in 
physical characteristics to those recorded both by Chapman and by 
Majima and Kubota (loce. cit.). 

(1) B. p. 167—170°/759 mm., dis 0-8188, n%” 1-4589 (Found: 
C, 87:4; H, 124%; bromine value, 138; iodine value, 270. 
C,)H,,|7 requires bromine value, 116; iodine value, 184). 

(2) B. p. 174—176°/759 mm., dit 0-8262, n%” 1-4624 (Found: 
C, 87-3; H, 12-7%; bromine value, 148; iodine value, 263). 

The bromine values are in fair agreement with the figures given 
by Chapman (J., 1918, 143, 464) for the mono-olefinie cyclic hydro. 
carbon obtained by the decomposition of squalene (spinacene) in 
the presence of sodium. On the other hand, the iodine absorption 
values found by us correspond to the addition of three atoms of 
iodine per molecule of hydrocarbon. It is thus clear that evidence 
based on either bromine or iodine absorption cannot be relied upon 
as a sure criterion of structure. Attention must also be drawn to 
the results of ultimate analysis. Whereas both the above-mentioned 
authors give analytical figures in agreement with C,)H,,, our values 
for carbon (over 15 analyses on different fractions) invariably 
correspond to the requirements of a hydrocarbon mixture of C,,H,, 
and C€,,H,, molecules, the relative proportion of which remains 
almost constant no matter how far the degree of fractionation is 
carried. 

Hot-wire Decomposition of Squalene.—This was carried out. accord- 
ing to Chapman’s directions (J., 1923,.123, 769) in a specially con- 
structed Jena flask containing in the neck a mesh of fine platinum 
wire which was maintained at a dull red heat during the distillation 
process by means of an electric current. Squalene in three batches 
of 140 g. was distilled under a pressure of 45—50 mm. The bright 
yellow, mobile distillate (273 g.) was divided into two portions and 
worked up (a) by direct fractional distillation and (6) by steam 
distillation. 

(a) Fractional distillation. The crude distillate was separated 
into mono-, sesqui- and higher terpene fractions. The monoterpene 
fraction was examined in great detail but gave the same indefinite 
fractions as were obtained by the direct pyrogenic decomposition. 

(b) Steam-volatile portion (42 g. from 133 g. of crude material). 
Contrary to Chapman’s finding (loc. cit.), here again we failed to 
isolate any definite major portion on fractionation, the boiling point 
rising continuously throughout the distillation (110—171° at the 
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ordinary pressure). A fraction (10 g.), b. p. 165—171°/755 mm., 
was ultimately collected as a bright yellow liquid, di* 0-8092, nz 
1.4610 (Found: C, 87-4; H, 12-4%; iodine value, 345, 355). The 
physical constants agree with those given for heparene (C,,)H,,|>), 
but the yellow colour is completely removed on distillation over 
sodium and cannot be attributed to a definite structural arrange- 
ment of the fraction as a whole. 

Action of Formic Acid.—A fraction boiling between 60° and 100°/ 
20 mm. (20 g.) was heated for 24 hours with 99% formic acid (25 g.) 
ona steam-bath. The deep purple solution was diluted with water, 
rendered alkaline with sodium carbonate, and extracted with ether. 
After removal of the solvent from the dried extract, the brown oil 
was fractionally distilled as follows: (a) 160—170°/759 mm. 
(2:5 g.); (6) 171—176°/759 mm. (4 g.), a. 0-8337, nf” 1-4582; 
(c) 60—85°/3 mm. (0-5 g.); (d): 125—130°/3 mm. (4 g.), a3: 0-9098, 
ns” 1-4998. The last fraction was obtained as a viscous yellow 
liquid having the typical characteristics of a diterpene (Found for 
fraction d: C, 87-8; H, 12-0.  Cy5H5g requires C, 88-2; H, 11-8%). 

Preparation of Squalene Hexaozonide.—A stream of oxygen con- 
taining approximately 5° by volume of ozone was passed at the 
rate of 6—8 litres per hour through a solution of squalene (30 g.) in 
dry chloroform (120 g.) maintained at 0°, until excess of ozone was 
detected at the outlet of the apparatus (72 hours). The solvent was 
carefully removed below 35° under reduced pressure so as to avoid 
risk of explosion due to the unstable nature of the hexaozonide. 
The deposition of crystals of succinic acid from the chloroform 
solution. of the ozonide, as described by Majima and Kubota (loc. 
cit.), was only observed on two occasions. ‘The acid was identified 
by direct comparison with an authentic specimen of succinic acid, 
the mixture melting at 179—181°.. The ozonide was taken up in 
dry ether and reprecipitated with light petroleum. The super- 
natant liquid was decanted and the remaining traces of volatile 
solvent were removed under reduced pressure. The ozonide formed 
a colourless viscous syrup (yield, 48 g.). 

Decomposition of Squalene Hexaozonide.—This was carried out 
exactly as described by Majima and Kubota, but it was found 
difficult to. isolate the acetone peroxide in the quantity mentioned by 
these authors. It was further observed that, if the ozonisation was 
carried out at room temperature, a larger proportion of levulic acid 
was formed at the expense of the two supposed acids, thus pointing 
to some definite relationship between them. Acetone and carbon 
dioxide were readily identified, the former being isolated as its semi- 
carbazone (2-5 g.), m. p. 186—187°, and the latter estimated as 
barium carbonate (equivalent to 2-5 g. of carbon dioxide). 
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Among the products volatile in steam, acetone peroxide, m. p. 
132—134°, was isolated as a crystalline deposit (0-5 g.), and the 
presence of lzvulic aldehyde was detected by the preparation of its 
phenylmethyldihydropyridazine, m. p. 194—196°. Formic acid 
was also readily identified. The residual solution obtained after 
steam distillation was worked up exactly as described by Majima 
and Kubota and succinic acid (8-4 g.), levulic acid (11-0 g.), and an 
alkali-soluble, waxy solid consisting of a mixture of the two unknown 
“acids ” of these authors (3-5 g.) were isolated. These “ acids” 
were separated by boiling benzene, in which the higher-melting 
compound was almost insoluble, and each was purified by repeated 
crystallisation from water. Levulic aldehyde peroxide was 
obtained in colourless needles, m. p. 195° (literature values, 190° to 
196°), readily soluble in boiling water, insoluble in benzene [Found: 
(micro.) C, 45-6; H, 6-3. Cale. for C;H,0,: C, 45-4; H, 6-1%]. 
The substance liberates iodine from dilute potassium iodide solution 
in the cold and also reduces Fehling’s solution. When the peroxide 
is boiled for 12 hours with water, a clear solution is formed; on 
treatment with a dilute acetic acid solution of p-nitropheny]- 
hydrazine, the p-nitrophenylhydrazone of levulic acid is deposited, 
m. p. 174—175°. 

Methylheptenone peroxide (*%) crystallises from boiling water in 
colourless plates, m. p. 136° (Majima and Kubota give 132—134°) 
(Found: C, 46-5, 46-5; H, 7-3, 6-9. C,H,,0, requires C, 46-6; 
H, 6-8%). 

On being heated with water in a closed tube for 8 hours at 140°, 
the peroxide decomposes, giving a colourless solution devoid of 
aldehydic reactions and acid to methyl-orange. Levulic acid 
p-nitrophenylhydrazone, m. p. 169—170°, was isolated from the 
solution in the usual manner and identified by the melting point, 
171—173°, of a mixture with an authentic specimen (m. p.173—174°). 

Oxidation of Squalene with Potassium Permanganate.—A solution 
of squalene (200 g.) in carefully purified acetone (400 g.) was treated 
at room temperature with continuous stirring with finely powdered 
potassium permanganate (300 g.), added in small quantities during 
18 hours. The mixture was diluted with water, sulphur dioxide 
passed into the solution to remove manganese dioxide, and the 
whole repeatedly extracted with ether. The ethereal solution was 
separated into acid and neutral portions by extraction with dilute 
sodium carbonate solution. 

Succinic acid. After concentration the alkaline solution was 
made acid. The precipitated solid crystallised from ethyl acetate 
in colourless crystals, m. p. 185°, which were identified as succinic 
acid (melting point of a mixture). 
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Neutral portion. The ethereal extract, after drying and removal 
of solvent, was fractionally distilled and yielded a small fraction, 
b. p. 90—95°/18 mm. The greater portion of the distillate consisted 
of unchanged squalene, which was again treated with an excess of 
potassium permanganate in boiling acetone solution in presence of 
magnesium sulphate until all action had ceased. Despite the drastic 
conditions employed, about 40% of the squalene was recovered, 
the remainder having been completely burnt to carbon dioxide. The 
recovered squalene (nj 1-4980) yielded a crude hydrochloride, 
m. p. 105—116°, which after one recrystallisation from hot ethyl 
acetate, gave mainly the high-melting squalene hydrochloride 
(m. p. 121—125°). 

Dihydro-4-ionone. The low-boiling product had a pleasant pear- 
like odour (compare Chapman, J., 1923, 123, 771) and reacted with 
semicarbazide acetate. The crude semicarbazone (2 g.) was taken 
up in light petroleum and separated from a small insoluble residue. 
The filtrate slowly deposited a colourless solid, which was recrystal- 
lised from aqueous methyl alcohol. The pure semicarbazone, m. p. 
95°, was identified as dihydro-J-ionone semicarbazone by comparison 
with a synthetic specimen prepared from geraniol according to 
Forster and Cardwell’s method (J., 1913, 103, 1341) [Found : 
(micro.) C, 67:0; H, 9-9; N, 17-0, 16-8; M, 273. Calc. for 
C,,H,,ON,: C, 66-9; H, 10-0; N, 16-7%; M, 251]. 

Methylheptenone. The portion insoluble in the light petroleum 
was dissolved in benzene, from which solution it separated as a colour- 
less microcrystalline solid, m. p. 129—131°, on addition of light 
petroleum. The properties of this semicarbazone are in fair agree- 
ment with those given in the literature (Tiemann and Kruger, Ber., 
1895, 28, 2124) for methylheptenone semicarbazone, which is 
described as a colourless solid, m. p. 136—138°, difficultly soluble in 
light petroleum and soluble in benzene. Unfortunately, insuffi- 
ciency of material precluded further purification and more definite 
characterisation (Found: N, 22-6. Cale. for C,H,,ON;: N, 
22:9%). 

Action of Chromyl Chloride upon Squalene—A 10%, solution of 
chromyl chloride (12 mols.) in dry carbon disulphide was added in 
small portions at a time and with vigorous shaking to a solution of 
squalene (24 g.) in the same solvent. The reaction, which was com- 
pleted in 7 hours, was carried out at —15°. The resultant dark 
brownish-green precipitate was repeatedly washed with dry carbon 
disulphide. The filtrate was practically free from chromy] chloride. 
The addition compound was decomposed with iced water, and the 
aqueous liquor distilled from a steam-bath, a fraction, b. p. 60—80°, 
being collected and gaseous material absorbed in water. The 
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neutral aqueous solution obtained showed strong reducing properties 
and the presence of formaldehyde was readily detected by means of 
the Schryver reagent. The solution was carefully oxidised with 
potassium permanganate (0-5% solution) and evaporated to dryness, 
On extraction of the resultant solid with hot absolute alcohol, 
potassium acetate was removed, thus proving that acetaldehyde 
must also have been present in the oxidised material. An examin. 
ation of the fraction of b. p. 60—80° revealed the presence of 
acetone, which was isolated both as the p-nitrophenylhydrazone 
(m. p. 148°) and as the semicarbazone (m. p. 187°). 

The residue in the flask was separated into acid and neutral 
portions. From the former, a small amount of succinic acid was 
obtained; the latter, which consisted of a heavy resinous oil, 
resisted all attempts at purification. 

Squalene Dodecabromide.—A solution of squalene (20 g.) in sodium- 
dried ether (150 c.c.) was treated at —25° with a solution of dry 
bromine in ether (90 g. in 200 c.c.): In 30 minutes a colourless 
crystalline solid separated which, after drying, darkened at 160° 
and melted at 185° (decomp.). A further crop was obtained by 
evaporating the filtrate under reduced pressure and triturating the 
resultant sticky yellow solid with ethyl acetate (total yield, 80°). 
The bromide can also be prepared directly from the crude liver oil, 
the product being somewhat darker in colour, but the total yield 
remains about the same. 

Analysis of the crude product. (A) From squalene obtained from 
Centrophorus granulosus: Found, Br, 69-5%. (B) From Scym- 
norhinus licia: Found, C, 26-8, 26-8; H, 3-6, 38% (C,.H,,Bry,. 
requires C; 25-0; H, 3-4; Br, 716%. C,,H,,Br,, requires C, 25-7; 
H, 3-5; Br, 708%. C3,H;,Br,. requires C, 26:3; H, 3-6; Br, 
701%. O3;H;.Br,. requires C, 26-9; H, 3-8; Br, 69-3%). 

Isolation of the bromide, m. p. 198°. The crude bromide (30 g.) 
was boiled with ethyl acetate (200 g.), and the soluble portion 
removed by rapid filtration under pressure. The insoluble residue 
was repeatedly washed with boiling ethyl acetate until a sample of 
the filtrate left no deposit on evaporation. The dodecabromide 
formed a hard, microcrystalline, colourless solid, m. p. 198° (decomp. 
but without previous darkening), insoluble in the common organic 
solvents but soluble to some extent in pyridine, tetrachloroethane 
and xylene [Found (squalene from Centrophorus granulosus) : 
C, 26-2, 26-3; H, 3-4, 3-4; Br, 69-99%. Found (squalene from 
Scymnorhinus lichia): C, 26-4, 26-4; H, 3-7, 3-8%]. 

Soluble bromide. The brown ethyl acetate filtrate deposited on 
cooling a solid, m. p. 178°, which decomposed to a marked extent 
in moist air with a lowering of m. p. to 174° (unsharp). Attempts 
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= to purify this were unsuccessful owing to obvious decomposition 
in the boiling solvent (Found on immediate analysis: C, 26-7; 
H, 38; Br, 695%. Found after 14 days: C, 28-5; H, 3-8%). 


In conclusion we desire to express our thanks to Mr. E. B. Parkes, 
MSc., for help in the examination of the squalene dodecabromide, 
and to the Food Investigation Board for a grant which has enabled 
this investigation to be carried out. 


Tae University, LIVERPOOL. (Received, March 9th, 1929.] 





CXV.—The Unsaponifiable. Matter from the Oils of 
Elasmobranch Fish. Part VI. The Constitution 
of Squalene as deduced from a Study of the 
Decahydrosqualenes. 

By Istpor Morris HemsBron and ALBERT THOMPSON. 


AttHouGH the structure of squalene has been largely elucidated as 
a result of the work described in former communications (especially 
Part V, preceding paper), additional evidence would nevertheless 
be welcome, the more so since the larger terpene disintegration 
products such as bisabolene (Part I) and dihydro-,-ionone (preceding 
paper) were only isolated in very small amount, and consequently 
their formation is open to possible criticism. It has become abund- 
antly clear that, if further insight is to be gained into the structure 
of the hydrocarbon, it is necessary in the first instance to render 
the molecule less liable to complete disruption under the action of 
oxidising agents. In order to accomplish this, we have now hydro- 
genated squalene to a point where five of the six ethenoid linkages 
would theoretically be saturated and then treated the product 
with ozone. After decomposition with water and removal of per- 
oxides (see experimental), the oxidation products were separated 
into acid and neutral components. The examination of these has 
confirmed the work described in Part II of this series (Heilbron, 
Hilditch, and Kamm, J., 1926, 3131) and proves beyond doubt that 
the hydrogenation process is not only largely selective but leads 
to the formation of isomeric decahydrosqualenes. Dodecahydro- 
squalene (squalane) is also present to the extent of approximately 
25%, from which it follows that products hydrogenated to a lesser 
degree than the decahydrosqualene must also have been formed. 
Neutral Products—({a) Steam-volatile. When the whole of the 
neutral oil was subjected to a short steam distillation, a readily 
Volatile, pleasant-smelling liquid passed over. This was extracted 
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with ether and on fractionation gave as principal fraction a colour. 
less liquid, b. p. 164—166°/765 mm., which we have characterised 
as methyl isohexyl ketone, CHMe,°CH,*CH,°CH,"COMe. 

(b) Non-steam-volatile. The residue from the steam distillation 
was collected and separated by distillation under reduced pressure 
into large primary fractions. Each of these was refractionated 
and, after suitable distillates had been united, a further fractionation 
gave the following: (A) b. p. 125—145°/12 mm., (B) 155—175°/3 
mm., (C) 200—210°/2 mm. 

Fraction A. Further distillation of the fraction yielded a pale 
yellow liquid, b. p. 119—121°/11 mm. (semicarbazone, m. p. 97— 
98°), which has been definitely identified as hexahydro-/-ionone, 
CHMe,-[CH, ],°>CHMe-[CH, ],-COMe. 

Fraction B. After repeated distillation, a definite ketone fraction 
was obtained, b. p. 136—139°/1-5 mm., nt” 1-4461. In view of 
the isolation of methyl isohexyl ketone and hexahydro-,-ionone, it 
was thought that the product would most likely be the next isoprene 
homologue, 2 : 6 : 10-trimethyl-14-pentadecanone, 

CHMe,*[CH,],"[CHMe(CH,),].°>COMe. 

This ketone was accordingly synthesised from farnesol and isolated 
as a colourless liquid, b. p. 143°/3 mm., nj} 1-4435.* The semi- 
carbazones of both ketones were prepared : that from the squalene 
product melted at 71-5—73-5° ; the synthetic semicarbazone melted 
definitely lower (70—70-5°), but showed no depression when mixed 
with the former. Despite this fact, results based upon repeated 
ultimate analyses of the two semicarbazones prove conclusively 
that they are not identical and that the squalene ketone has the 
higher molecular formula C,,H,,0. 

Fraction C. Analysis of this fraction indicated that it consisted 
of a mixture of squalane and some oxygen-containing substance, 
the character of which was shown by its removal by means of sodium 
bisulphite solution. The regenerated ketone, after distillation in a 
vacuum, gave analytical results agreeing with the formula C,,H,,0 
or C,,H,,0. 

Intermediate fractions. The various fractions with boiling points 
intermediate between those already recorded were each treated with 
semicarbazide acetate, and the solids formed submitted to very 
careful fractional crystallisation, without, however, revealing the 
presence of any semicarbazone other than those already described. 


* After this synthesis was completed, an account of this ketone was pub- 
lished by F. G. Fischer (Annalen, 1928, 464, 69). This author gives the 
melting point of the semicarbazone as 66—67°. The higher melting point 
recorded by us was only reached by working with comparatively large quan- 
tities and after numerous crystallisations. 
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Acid Products.—The acid products were converted into their 
methyl esters and roughly separated by fractional distillation into 
three distinct fractions and a very high-boiling residue which has 
not been examined in detail. The lowest-boiling fraction upon 
redistillation yielded mainly a colourless liquid, b. p. 139—141°/ 
750 mm. The regenerated acid, which gave a solid anilide, m. p. 
111—112°, was identified as y-methyl-n-valeric acid. 

The second main distillate, after further fractionation, was 
obtained as a colourless liquid, b. p. 105—107°/13 mm., which 
yielded an amide, m. p. 80—81°. Analytical values for both the 
ester and the amide pointed to their being derived from an acid 
C,,H220,. In view of the isolation of y-methyl-n-valeric acid it 
seemed highly probable that this acid would be 4 : 8-dimethylnonoic 
acid, and this surmise was confirmed by the synthesis of the acid 
from hexahydro-/-ionone by oxidation with chromic acid. 

The final definite ester fraction consisted of a pale yellow liquid, 
b. p. 145—148°/5 mm. As attempts to prepare solid derivatives 
of the corresponding acid failed, this was carefully fractionated 
from a Willstaitter bulb. The most abundant fraction boiled at 
187—192°/2 mm. and gave analytical values in excellent agreement 
with the formula C,,H,,0,. 


Discussion of Results. 


It was pointed out in Part V that all the reactions of squalene 
could be adequately explained on the assumption that the hydro- 
carbon exists in the two isomeric forms (I) and (II). 


(6) 
a) c (Me{CH,],-CH:CMe-[CH,],"CH:CMe, 
CH-[CH,],-CMe:CH-[CH,],“CMe:CH-[CH,],-CMe:CHMe 
Mien Dasasinnasesrseninalas Acid 0, ,H1,,0j~~--—--—--=--< se > 


(1) CMe,:CH-CH,-[CH,-C(:CH,)*CH,*CH,],CH,*CMe:CHMe 


The results now obtained afford striking evidence of the correctness 
of formula (I). For instance, the isolation in good yield of methyl 
isohexyl ketone and hexahydro-y-ionone conclusively establishes 
the presence of the ethenoid linkages (b) and (c). As regards the 
remaining portion of the molecule, it necessarily follows from the 
isolation of the latter ketone that an acid constituent having the 
molecular formula C,,H,,0, should also be present. The fact that 
such an acid has actually been obtained coincides too well with the 
theoretical requirements to be merely fortuitous, and there can be 
little doubt that, despite the lack of definite constitutional proof, 
this acid is 3 : 7 : 11-trimethyltetradecoic acid. 

Turning now to the question of the mode of formation of y-methyl- 

II 
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n-valeric acid and 4: 8-dimethylnonoic acid, it is obvious that 
these could not possibly be formed directly through fission at the 
double bond of any of the mono-olefins derived from (I). It is 
also certain that they have not originated through further oxidation 
of any of the ketones primarily produced, as the conditions employed 
in the decomposition of the ozonides wholly preclude this possibility, 
i.e., 4: 8-dimethylnonoic acid could not have arisen from secondary 
oxidation of hexahydro-,-ionone but must have resulted from 
cleavage of the molecule at an ethenoid linkage already present in 
the hydrocarbon. As regards formula (II), it is practically certain, 
as pointed out in Part II, that the CH,:;C< groups would be the 
primary points for hydrogen addition, in which case ozonisation of 
the resultant decahydrosqualene could only give rise to an acid of 
very high molecular weight (C,,H;,0,). We are thus forced to 
conclude that squalene exists in still another stable form, the 
structure of which must correspond to formula (III). 


Qarn anno isee C,,H,.,0, acid 
(@) 
(IIL) © CH-[CH,],-CMe:CH-CH,-CH:CMe, 
CMe-[CH, },“CH:CMe-[CH, ],*CH:CMe-[CH,],*CMe:CHMe 
C,,H;,0 ketone 


Additional evidence of the existence of this isomeride is supplied 
through the isolation of the C,g,H,,0 ketone which, like the above- 
mentioned acids, cannot be accommodated by formula (I) or (II). 
Although its structure has not been directly elucidated, its striking 
similarity to 2 : 6 : 10-trimethyl-14-pentadecanone suggests a closely 
analogous structure. This fact, taken in conjunction with the 
formation of 4 : 8-dimethylnonoic acid, leads to the conclusion that 
the ketone is 3:7: 11-trimethyl-15-hexadecanone and that it has 
originated through scission of a decahydrosqualene at the ethenoid 
linkage (e) (formula III). The production of y-methyl-n-valeric 
acid similarly demands the presence of 3:7 : 11 : 15-tetramethy|- 
19-eicosanone (scission at d), and there is no reason to doubt that 
the high-boiling ketone separated from dodecahydrosqualene is 
actually this substance. 

Finally, a review of the ketones and acids produced leads to the 
conclusion that the addition of hydrogen proceeds from that part 
of the molecule already containing the two hydrogen atoms addi- 
tional to the simple triterpene formula, i.e., from the terminal 
group CMe:CHMe common to all three isomeric forms. This 
assumption is necessary in order to explain the absence of any 
ketone (i.e., 2:6: 10-trimethyl-14-pentadecanone) of higher mole- 
cular weight than hexahydro-y-ionone from the hydrogenated 
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products from (I) or of fatty acid more complex than 4 : 8-dimethyl- 
nonoic acid from (III). 


EXPERIMENTAL. 


Preparation of the Ozonide.—Squalene obtained by the distillation 
method from the liver oil of Centrophorus granulosus (Heilbron, 
Kamm, and Owens, J., 1926, 1638) was treated with hydrogen in 
the presence of nickel catalyst until an absorption of 5 mols. of 
hydrogen had occurred (compare Heilbron, Hilditch, and Kamm, 
loc. cit.). The crude product was twice distilled, the final distillate 
boiling at 227—230°/3 mm. (Found: iodine value, 61. Calc. for 
CypH solr : iodine value, 62). This was then treated in chloroform 
solution (150 g. of hydrocarbon in 450 g. of solvent) at 0° with 
oxygen containing 5% of ozone, the gas being passed in at the 
rate of 10 litres per hour until a sample no longer absorbed bromine 
(30 hours). The chloroform was removed under reduced pressure 
first at the ordinary temperature and then at 100° for 30 minutes. 
The ozonide formed a clear, colourless, oily liquid lighter than 
water and possessing a pungent, clinging odour. 

Decomposition of the Ozonide Mixture.—The ozonide was decom- 
posed by boiling with water (300 c.c.) for 2 hours under reflux in 
an atmosphere of nitrogen, the gases evolved being passed succes- 
sively through water and baryta solution; during the decom- 
position, a small amount of barium carbonate was deposited in the 
latter. The reaction mixture was acid to litmus, reduced Fehling’s 
solution, and readily liberated iodine from potassium iodide solu- 
tion, thus showing the presence of organic peroxides. These were 
decomposed by boiling the mixture with potassium hydroxide 
solution (75 c.c. of 50°) for 15 minutes, a treatment which simul- 
taneously destroyed the aldehydes. Both the decomposition of 
the ozonide and the subsequent destruction of the peroxides pro- 
ceeded smoothly. The reaction mixture was diluted with water 
and repeatedly extracted with ether. The alkaline portion was 
acidified with dilute sulphuric acid and the acids were removed by 
ether extraction and worked up as subsequently described. After 
removal of solvent from the neutral ethereal solution, the residue 
was subjected to distillation in steam, 2000 c.c. of distillate being 
collected. Both the distillate and the residue were saturated with 
sodium chloride and extracted with ether, and the ethereal solutions 
dried over anhydrous sodium sulphate. Under these conditions, 
450 g. of hydrogenated squalene gave 502 g. of ozonide, from which 
16 g. of steam-volatile ketone, 287 g. of neutral, non-steam-volatile 
matter, including about 35° of squalene, and 178 g. of mixed 
aids were obtained. The weight of barium carbonate collected 
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amounted to 3-1 g. The aqueous solution through which the gases 
and low-boiling volatile material had passed was examined for the 
presence of acetone and formaldehyde, but no trace of either could 
be detected. 

Steam-volatile fraction. The bulk of this distilled at 164—166°/ 
765 mm., forming a colourless, mobile liquid possessing a strong, 
carraway-like odour (Found: C, 74-7, 74-6; H, 12-7, 12-7. Cale. 
for C,H,,0: C, 75-0; H, 125%). It failed to reduce Fehling’s 
solution but readily gave a crystalline addition compound with 
sodium bisulphite solution. The semicarbazone, which was prepared 
in the usual manner, formed almost immediately and, after three 
crystallisations from acetone, gave colourless, glistening plates, 
m. p. 149—150° (Found: C, 58-4, 58-3; H, 10-2, 10-4; N, 22-6. 
C,H,,ON, requires C, 58-4; H, 10:3; N, 22-7%). These data 
agree well with the values for methyi isohexyl ketone, which was 
synthesised by condensing isoamyl iodide with ethyl acetoacetate 
and hydrolysing the isoamylacetoacetic ester produced (compare 
Clarke, J: Amer. Chem. Soc., 1909, 31, 3). The ketone gave a 
semicarbazone, m. p. 152—153°, which showed no depression in 
melting point in admixture with the semicarbazone described 
above. 

Non-volatile neutral portion. This was first roughly separated 
into the following fractions, leaving a residue of 18-4 g. 


Press. 7 Press. 
Fract. (mm.). Temp. Wt.(g.). Fract. (mm.). Temp. Wt. (g.). 
1 12-5 80—100° 9-8 + 3-0 170—200° 28-6 
2 e 100—150 + 17-9 5 és 200—225 178-5 
3 oo 150—200 176 6 2-0 225—245 11:3 


Redistillation of fraction 1 yielded a further small quantity of 
methyl isohexyl ketone and a higher-boiling fraction, which was 
combined with 2. Fraction 3 was similarly divided into a low- 
and a high-boiling portion, and the former also added to 2. Redis- 
tillation of these combined fractions provided a main distillate, 
b. p. 125—145°/12 mm. (14-5 g.). 

Hexahydro-4-ionone.—On refractionation of the above, a main 
portion (5 g.) was collected as a slightly yellow liquid, b. p. 119- 
121°/11 mm., possessing a faint, clinging odour (Found: C, 782, 
78-3; H, 13-2, 13-2. Calc. for C,,H,,0 : C, 78-3; H,13-0%. Cale. 
for C,;H,,0: C, 78-8; H, 13-1%). The ketone, which yielded a 
crystalline bisulphite addition product, was converted into its 
semicarbazone, which separated from methyl alcohol in colourless, 
glistening plates, m. p. 97—98° (Found: C, 65-7; H, 11-6; X, 
16-5. Calc. for C,;H,,ON,: C, 64:7; H, 11-2; N, 17-6%. Cale. 
for C,,H,,ON,: C, 65-9; H, 11-4; N, 165%). The ketone was 
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regenerated by refluxing the semicarbazone with oxalic acid in 
aqueous-alcoholic solution and, after distillation, gave the following 
analytical values: C, 78-6, 78-5; H, 13-3, 13-3%, in excellent 
agreement with those required for C,,H,,0. Hexahydro-/-ionone 
was synthesised according to Ishizaka’s method (Ber., 1914, 47, 
2453), the only modification being that the hydrogenation of the 
geraniol was carried out at 130° under pressure, a nickel catalyst 
supported on charcoal being used in place of platinum-black. The 
semicarbazone obtained from the synthetic ketone melted at 97—98°, 
alone or mixed with the semicarbazone described above. 

3:7: 11-Trimethyl-15-hexadecanone.—Fraction 4 was combined 
with the residue of fraction 3 and distilled, giving as main fraction 
a portion (18 g.), b. p. 155—175°/3 mm. On further fractionation 
the ketone was obtained as a pale yellow, odourless, oily liquid 
(7-5 g.), b. p. 1836—139°/1-5 mm. (Found: C, 80:3; H, 13-6. Cale. 
for C,;gH,,0: C, 80-6; H, 13-5. Cale. for C,,H,,0: C, 80-9; H, 
13-59%). The semicarbazone was prepared in the usual manner in 
methyl-alcoholic solution, a large volume of solvent being necessary 
in order to maintain the ketone in solution. After 7 days, the 
reaction mixture was poured into water, and the sticky solid col- 
lected and pressed on a porous tile. The semicarbazone was purified 
with difficulty by repeated crystallisation, first by slow evaporation 
of a methyl-alcoholic solution, and finally from ice-cold methyl 
alcohol (ice-jacketed filter). It formed colourless plates, m. p. 
71:5—73-5° [Found: (micro), C, 71-2; H, 12-3; N, 12-3, 12-5. 
CisHggON, requires C, 70-2; H, 12-0; N, 12:9%. C,.9H,,ON, 
requires C, 70-8; H, 12-1; N, 12-4%]. 

3:7:11 : 15-Tetramethyl-19-eicosanone (?).—This ketone was con- 
tained in the high-boiling neutral fraction (146 g.), b. p. 200— 
210°/2 mm., obtained by refractionation of fraction 5. Analysis of 
this showed that it consisted of a mixture of squalane and some 
oxygen-containing substance (Found: C, 84:5; H, 14-6. Calc. for 
CyH,.: C, 85-3; H, 14:7%). The oil was diluted with ether and 
shaken for 30 days with saturated sodium bisulphite solution, and 
the deposited solid separated by filtration and thoroughly washed 
with ether. The bisulphite product was decomposed with sodium 
carbonate solution, and the ketone, isolated by means of ether, 
was distilled, the main fraction being collected at 195—205°/3 mm. 
(Found : C, 81-5, 81:7; H, 13-5, 13-7. Cale. for C,,H,,0: C, 81-7; 
H, 136%. Calc. for C,,H,,0: OC, 81-8; H, 13-6%). 

Hexahydrofarnesol.—Farnesol (50 g.) was hydrogenated at 100° 
by means of nickel supported on charcoal (5 g. of catalyst containing 
15° of nickel). After 2 hours, the absorption of the hydrogen 
had practically ceased and the mixture was accordingly cooled, 
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filtered, and treated with fresh catalyst (5 g.). When the temper. 
ature was now raised to 130°, the theoretical amount of hydrogen 
was absorbed in 30 minutes. The cooled filtered liquid was frac. 
tionated, practically the whole distilling at 125—128°/3 mm. It 
had nj 1-4469, di* 0-8361, whence [R;]p = 72-9 (Found: (, 
78-6, 788; H, 14-2, 14-2. Cale. for C,;H,,0: C, 79-0; H, 140%; 
[Rz]p, 72-7). 

Hexahydrofarnesyl Bromide (12-bromo-2:6:10-trimethyldodecane). 
—This was prepared substantially as described by Fischer (loc. cit.). 
It formed a colourless, mobile liquid with a faint odour, b. p. 
122°/4 mm., nj* 1-4605, d}* 1-001 (Found: Br, 27-4, 27-5. Cale. 
for C,;H,,Br: Br, 27-5%). 

Hexahydrofarnesylacetoacetic ester formed a colourless liquid, 
b. p. 175—178°/3 mm., nj 1-4484, d}* 0-9014 (Found: C, 7453, 
74:1; H, 12-0, 12-1. Calc. for C,,;H,,O0,: C, 74-1; H, 11-4%). 

2:6: 10-Trimethyl-14-pentadecanone.—The preceding ester was 
decomposed by alcoholic potassium hydroxide solution at room 
temperature substantially as recorded by Fischer (loc. cit.). The 
ketone (10:5 g.) formed a colourless, odourless liquid, b. p. 142— 
143°/3 mm., ni" 1-4435, dit’ 0-8403, whence [R;],p = 84-6 (Found: 
C, 80-6, 80-5; H, 13-3, 13-4. Cale. forC,,H,,0: C, 80-6; H, 13-5%,; 
[R,]|p, 85-1). The semicarbazone was obtained after many crystal- 
lisations from ice-cold methyl alcohol in colourless, glistening plates, 
m. p. 70—70-5° (Found: C, 70-3; H, 12-2; N, 12-9. Cale. for 
C,9Hs,ON, : C, 70-2; H, 12-0; N, 12-9%). 

Acid Products.—The crude acid mixture was esterified by means 
of methyl alcohol and sulphuric acid, giving a brownish-yellow 
liquid (170 g.) with an odour reminiscent of isobutyric acid. The 
esters were separated by distillation at 15 mm. into the following 
fractions : (1) up to 110° (31 g.), (2) 110—150° (32 g.), (3) 150—200° 
(39 g.), (4) 200—245° (53 g.), residue (13 g.). Each was again dis- 
tilled and, after suitable fractions had been united, a further series 
of distillations resulted in the formation of the following three 
portions: (a) 155—165°/756 mm. (5 g.), (b) 100—110°/13 mm. 
(17 g.), (ce) 140—150°/5 mm. (17 g.). 

y-Methyl-n-valeric Acid.—Fraction (a) consisted of a colourless 
liquid which upon fractionation distilled almost wholly at 139— 
141°/750 mm. (3-9 g.) (Found: C, 64-4; H, 11-0; sap. equiv., 
136. Cale. for C,H,,0,: C, 64:7; H, 10-8%; sap. equiv., 130). 
The ester was hydrolysed, and the acid converted into the anilide 
by refluxing with twice its weight of distilled aniline for 24 hours. 
The crude product was crystallised from aqueous alcohol in presence 
of animal charcoal, separating in long, colourless needles, m. Pp. 
110—112° (Found: C, 75-3, 75-5; H, 9-1, 9-1; N, 7-6. Cale. for 
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C,,H,,ON : C, 75-4; H, 8-9; N, 73%). These data are in good 
agreement with those recorded for y-methyl-n-valeric acid, which 
was synthesised from malonic ester and isobutyl iodide (compare 
Bentley and Perkin, J., 1898, 73, 48) and converted into its anilide, 
m. p. 111—112°. A mixed m. p. determination of the two anilides 
showed no depression. 

4 : 8-Dimethylnonoic Acid.—Further distillation of fraction (b) gave 
as main fraction a colourless liquid, b. p. 105—108°/3 mm. (7:8 g.), 
having a more pleasant though fainter odour than the first fraction 
(Found: C, 71-2; H, 11-8; sap. equiv., 189. Cale. for C,,H,,0, : 
C, 71:0; H, 118%; sap. equiv., 186. Cale. for C,,H,,0,: C, 
720; H, 120%; sap. equiv., 200). The ester was hydrolysed, 
and the acid further purified by conversion into its sparingly soluble 
calcium salt, whereupon a small quantity of a more soluble salt 
(probably the salt of a dicarboxylic acid) was removed ; but it was 
not further investigated. The regenerated acid was then distilled 
and analysed, figures in good agreement with the formula C,,H,,0, 
being obtained (Found: C, 70-6, 70-5; H, 11-9, 119%; equiva- 
lent, 182). This was confirmed by the preparation of the amide 
through the acid chloride in the following manner. A solution of 
the acid (2-5 g.) in a mixture of dry benzene (10 c.c.) and light 
petroleum (25 c.c.) was heated under reflux with thionyl chloride 
(5 g.) until the action was completed. The crude acid chloride, 
after removal of solvent and excess of reagent, was mixed with 
alcoholic ammonia, and the amide, which solidified on standing, 
was repeatedly crystallised from ether-light petroleum, yielding 
colourless plates, m. p. 80—81° (Found: C, 71-1, 71-2; H, 12-6, 
12:5; N, 7-7. C,,H,,ON requires 0, 71:3; H, 12-4; N, 7-6%). 

4: 8-Dimethylnonoic acid was synthesised by heating a solution 
of synthetic hexahydro--ionone (2-5 g.) in glacial acetic acid for 
4 hours at 80° with a solution of chromic acid (5 g.) in the same 
solvent. This treatment yielded 0-8 g. of acid and 1:3 g. of 
unchanged ketone, which was again treated in the same manner. 
The acid was converted into its amide, m. p. 77—79° (Found : 
N, 80%), as described above. The compound was identical in all 
respects with the amide from the natural product and showed no 
depression of melting point in admixture. 

3:7:11-T'rimethyltetradecoic Acid (?).—Fraction (c) on redistil- 
lation gave mainly a yellowish oil, b. p. 145—148°/5 mm. (15 g.) 
(Found: C, 74:6; H, 12-6; sap. equiv., 236. Cale. for C,;H,,0, : 
C, 74:4; H, 12-49%; sap. equiv., 242. Calc. for C,,H,,0,: C, 
15-0; H, 125%; sap. equiv., 256. Calc. for C,,H,,0,: C, 75-4; 
H, 12-69%; sap. equiv., 270). The ester was hydrolysed and 
attempts were made to obtain a solid derivative without success. 
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As it seemed probable that some dicarboxylic acid might be present, 
fractional distillation of the acid itself was carried out and fractions 
were collected for every 5° rise of temperature. This fractionation 
showed that the acid was indeed a mixture. The two. bulkiest 
fractions, (a) b. p. 182—187°/5 mm. (3-0 g.), and (b) 187—192°/5 mm. 
(4-5 g.), were analysed [Found: (a) C, 75-1; H, 125%; equiva- 
lent, 261. (b) C, 75:3; H, 12-8%; equivalent, 264]. These 
results show that the acid has the formula C,,H,,0,, and, taken in 
conjunction with the isolation of hexahydro-y-ionone, lead almost 
inevitably to the conclusion that it is in effect 3 : 7 : 11-trimethyl- 
tetradecoic acid. The low values for carbon and hydrogen given by 
the methyl ester are probably due to contamination with small 
quantities of the ester of a keto- or dicarboxylic acid, either of 
which would originate through oxidation of some of the lesser 
hydrogenated squalene products to which attention has already 
been drawn (p. 883). 

4 : 8-Dimethylnonaldehyde ( ?).—In certain experiments the reac- 
tion mixture, after the decomposition of the ozonide with water, 
was worked up without removal of the peroxides. Under these 
conditions certain fractions of the neutral portion (boiling between 
methyl isohexyl ketone and hexahydro-y-ionone), on being treated 
with semicarbazide acetate, yielded, in addition to methyl tsohexyl 
ketone semicarbazone, a small quantity of a more soluble semi- 
carbazone, which crystallised from acetone in colourless plates, 
m. p. 115—116° (Found: C, 63-1; H, 11-0; N, 18:8. C,,H,,ON, 
requires C, 63-4; H, 11-0; N, 184%). Hydrolysis of the 
semicarbazone yielded a liquid which readily reduced Fehling’s 
solution. These results lead to the conclusion that the substance is 
4: 8-dimethylnonaldehyde. Unfortunately the quantity of alde- 
hyde regenerated was too small to allow of further work being 
carried out. 


Tae University, LiverPoot. ’ [Received, March 9th, 1929.] 


CXVI.—Synthesis of an Isomeride of Thyroxine, and 
of Related Compounds. 


By CuarLes Ropert Hartneton and WittiaM McCartney. 


Tue elucidation of the constitution of thyroxine (Harington, 
Biochem. J., 1926, 20, 293; Harington and Barger, ibid., 1927, 
21, 169) affords an opportunity for the investigation of the effects 
of various groups on the physiological action of this compound. 
It has been found that thyronine (deiodothyroxine; compare 
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Harington, Biochem. J., 1928, 22, 1430, footnote) is devoid of 
physiological activity, whereas 3 : 5-di-iodothyronine exhibits the 
characteristic action of thyroxine but in a much lower degree 
(Gaddum, J. Physiol., 1927, 64, 246); the same applies to 
3:5: 3’: 5'-tetrabromothyronine (Gaddum, unpublished observ- 
ation). Attempts to prepare tetraiodo-derivatives of thyronine 
other than thyroxine itself having failed, attention was directed 
to the synthesis of 8-di(3 : 5-di-iodo-4-hydroxyphenyl)-«-aminoprop- 
ionic acid, (OH*C,H,I,),CH-CH(NH,)-CO,H, a substance isomeric 
with thyroxine and retaining the characteristic o-di-iodophenolic 
group of the latter, but differing from it in that the benzene rings 
are linked through carbon instead of through oxygen. 

Di(4-methoxyphenyl)methyl chloride was brought into reaction 
with ethyl potassiophthalimidomalonate, and the product hydro- 
lysed with potassium hydroxide; the resulting acid, when heated, 
passed into the anhydride of «-0-carboxybenzamido-$§-di(4-meth- 
oxyphenyl)propionic acid, (OMe-C,H,),CH-V COG which 

, ae NH:CO—C,H, { 
on boiling with hydriodic acid and acetic anhydride, gave «-amino- 
63-di(4-hydroxyphenyl)propionic acid ; this, with iodine and ammonia, 
yielded the desired isomeride of thyroxine. 

Neither this compound, nor the amine derived from it by elimin- 
ation of ¢arbon dioxide, showed any trace of the type of physio- 
logical activity characteristic of thyroxine; further, the pressor 
effect of the amine, as also that of its iodine-free precursor, was 
negligible (Gaddum, private communication). Below are also 
described the synthesis of «-amino-68-diphenylpropionic acid by a 
method precisely similar to that outlined above, and the prepar- 
ation of 3’ : 5’-dibromo-3 : 5-di-iodothyronine, a compound which 
might be expected to have a physiological effect intermediate 
between those of 3 : 5-di-iodothyronine and thyroxine. 


EXPERIMENTAL. 


Ethyl Di(4-methoxyphenyl)methylphthalimidomalonate.—Di(4-meth- 
oxyphenyl)methyl chloride (Straus and Diitzmann, J. pr. Chem., 
1921, 403, 47) (1 mol.), dissolved in dry xylene, and freshly pre- 
pared ethyl potassiophthalimidomalonate (1 mol.) were heated 
together at 145° for 4 hours with occasional shaking (compare 
Stephen and Weizmann, J., 1914, 105, 1152). The cooled solution 
was shaken with water, and the precipitate filtered off and washed 
with cold dilute potassium hydroxide solution and water; a further 
amount was obtained by drying the xylene solution, removing the 
solvent under diminished pressure, and rubbing the residual syrup 
with a little alcohol. The ester formed colourless prisms, m. p. 

112 
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106°, from alcohol; yield, 75% (Found: C, 67-7; H, 5-5; N, 2-4, 
Cz9H0,N requires C, 67-8; H, 5-8; N, 2-6%). 

Anhydride of «-0-Carboxybenzamido-88-di(4-methoxyphenyl )prop. 
ionic Acid.—The above ester (29-5 g.) was moistened with alcoho] 
and heated on the steam-bath for 1 hour, with frequent stirring, with 
a solution of potassium hydroxide (37 g.) in water (75 c.c.). The 
mixture was cooled, and the potassium salt filtered off, washed 
with alcohol, and dissolved in warm water. The solution, after 
cooling as far as possible without separation of the salt, was acidified 
by addition first of acetic and then of hydrochloric acid; the 
precipitated acid was collected, dried (crude yield, 22 g.), and, 
without further purification, heated at 180—200°/13 mm. for 1 hour. 
As decarboxylation proceeded, the material first became soft and 
then hardened again; a small amount of phthalic anhydride sub- 
limed into the neck of the flask. The solid cake remaining was 
dissolved in the minimum boiling glacial acetic acid, and the hot 
solution slightly diluted with water; on cooling, the anhydride 
separated in colourless prisms. After two further crystallisations 
it had m. p. 209—210°; yield, 75% (Found: C, 69-4; H, 48; 
N, 2-9. C,;H,,0,N requires C, 69-4; H, 4-9; N, 3-1%). 

a-Amino-88-di(4-hydroxyphenyl)propionic Acid.—The anhydride 
(1 part) was boiled for 2 hours under reflux with a mixture of 
constant-boiling hydriodic acid (5 parts) and acetic anhydride 
(5 parts); the solution was evaporated to dryness under diminished 
pressure, the evaporation being repeated after addition of water. 
The residue was dissolved in boiling water, the cooled solution 
filtered and extracted twice with ether, the aqueous layer made 
faintly alkaline with ammonia and evaporated to dryness under 
diminished pressure, and the residue dissolved in the minimum 
boiling alcohol. On standing in the cold, the amino-acid separated 
slowly; the crystals were recrystallised from water (charcoal); 
further crops were obtained by concentration of the mother-liquors. 
The compound forms fine colourless needles which soften at 190— 
200° and melt at 241° (decomp.). When pure, it is fairly readily 
soluble in water and sparingly soluble in alcohol. The air-dried 
substance always contains some water, but does not appear to 
form a definite hydrate; for analysis it was dried in a vacuum 
over sulphuric acid (Found : C, 65-7; H, 5-7; N, 5-0. C,;H,;0,N 
requires C, 65-9; H, 5-5; N, 51%). 

88-Di(3 : 5-di-iodo-4-hydroxyphenyl)-x-aminopropionic Acid.—The 
above-described amino-acid was dissolved in the minimum amount 
of ammonia (d 0-880), and the ice-cold solution treated with the 
calculated amount of iodine in potassium iodide (2-54), the rate 
of addition being slackened in the later stages. The solution was 
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evaporated to dryness under diminished pressure, and the residue 
collected, washed with dilute acetic acid, and dissolved in boiling 
dilute aqueous-alcoholic hydrochloric acid. This solution was 
boiled with charcoal, filtered, and treated with sodium acetate 
until it was no longer acid to Congo-red; immediate separation 
of the product ensued ; after one similar recrystallisation it formed 
a colourless sphaero-crystalline powder, m. p. 218° (decomp.); 
yield, 60%. The compound is very sparingly soluble in water or 
alcohol; the acidic salts also are sparingly soluble in water, 
but readily soluble in dilute alcohol (Found: N, 1-8; I, 66-1. 
C,;H,,0,NI, requires N, 1-8; I, 65-3%). 

88 - Di(4-hydroxyphenyl)ethylamine.—«- Amino - 88 -di(4- hydroxy - 
phenyl)propionic acid was heated in portions of 0-5 g. in a sublim- 
ation apparatus at 290—315°/2 mm.; rapid decarboxylation 
occurred and a crust of the impure amine formed on the condenser. 
The product was collected, washed with boiling ethyl acetate, and 
crystallised from a large volume of hot water, from which it separ- 
ated in colourless needles, m. p. 207—208°; yield, 55% (Found : 
C, 73:3; H, 66; N, 6-1. C,,H,,0,N requires C, 73-4; H, 6-6; 
N, 61%). The base is readily soluble in methyl and ethyl alcohol, 
but almost insoluble in other organic solvents. The hydrochloride, 
which is very soluble in water, was obtained by addition of ether 
to a solution of the base in saturated alcoholic hydrogen chloride ; 
recrystallised from a small volume of alcohol, it had m. p. 275°. 
The tribenzoyl derivative crystallised from alcohol in clusters of fine 
needles, m. p. 200° (Found: N, 2-6. C,;H,,O;N requires N, 
27%). 

88-Di(3 : 5-di-iodo-4-hydroxyphenyl)ethylamine—The above-de- 
scribed base (1 g.) was dissolved in ammonia solution (d 0-880; 
150 c.c.) and the theoretical amount of iodine in potassium iodide 
(2:54) was run in slowly, without cooling; the product began to 
separate after about half the iodine had been added. After standing 
for a few hours, the solution was diluted and the product collected. 
It was suspended in a large volume of dilute sulphuric acid, traces 
of free iodine were removed by addition of a little bisulphite, an 
equal volume of alcohol was added, and the solution heated to 
boiling and filtered. The filtrate was further diluted with water 
containing a little sulphuric acid, freed from alcohol by boiling, 
and again rapidly filtered to remove some tar. The final filtrate, 
on cooling, deposited the sulphate of the new base. The crystals 
were collected and dissolved in boiling 50% alcohol and the solu- 
tion was treated with a slight excess of ammonia and concentrated 
by boiling until the base began to separate. The product was 
purified by re-solution in ammonia, followed by evaporation of the 
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excess of the latter; it then separated in clusters of colourless 
needles, m. p. 232—233° (decomp. with liberation of. iodine); 
yield, 30% (Found: N, 1-9. C,,H,,0O,NI, requires N, 1-9%. 
The results of the iodine analyses of this compound were con- 
sistently about 1°% low for a reason at present unexplained ; there 
seemed to be no question as to its purity). The base is insoluble 
in water and alcohol and readily soluble in dilute aqueous sodium 
hydroxide and in dilute aqueous-alcoholic hydrochloric or sulphuric 
acid, 

Ethyl Diphenylmethylphthalimidomalonate. — Diphenylmethy] 
bromide (Claisen, Annalen, 1925, 442, 245, footnote) was condensed 
with ethyl potassiophthalimidomalonate precisely as described 
above for the corresponding p-dimethoxy-compound. The product 
remained in the xylene layer, when the xylene solution was mixed 
with water, and was obtained by drying the layer over calcium 
chloride, evaporating the xylene under diminished pressure, and 
crystallising the residue from a little alcohol; it formed colourless 
prisms, m. p. 117°; yield, 57% (Found: C, 70-9; H, 5-3; N, 3-0. 
CygH,;0,N requires C, 71-3; H, 5-3; N, 3-0%). 

Anhydride of «-o-Carboxybenzamido-8$-diphenylpropionic Acid.— 
The crude acid, obtained by hydrolysis of the above ester with 
potassium hydroxide, when heated under diminished pressure at 
180—200°, gave the anhydride, which formed colourless prisms, 
m. p. 214—215°, from acetic acid; yield, theoretical (Found: 
C, 742; H, 4:7; N, 3-8. C,,H,,0,N requires C, 74-4; H, 46; 
N, 38%). 

a-Amino-B8-diphenylpropionic Acid.—The anhydride was boiled 
for 2 hours with a mixture of equal volumes of constant-boiling 
hydriodic acid and acetic anhydride (10 parts). After evaporation 
to dryness under diminished pressure, the residue was dissolved 
in water and the solution neutralised with ammonia, whereupon 
immediate precipitation of the amino-acid took place. For purific- 
ation it was dissolved in hot water with the aid of a little ammonia 
and the solution was neutralised with acetic acid; the amino-acid 
formed large colourless prisms, m. p. 236° (decomp.); yield, 77% 
(Found: C, 74-6; H, 63; N, 5-6. C,;H,;0,N requires C, 74:7; 
H, 6-2; N, 5-8%). The compound is sparingly soluble in water 
and alcohol. 

88-Diphenylethylamine.—This compound, which had already been 
prepared (Lipp, Annalen, 1926, 449, 24; Rupe and Gisiger, Helv. 
Chim. Acta, 1925, 8, 340), was obtained in improved yield by 
heating §8-diphenylalanine with diphenylamine (compare Johnson 
and Daschavsky, J. Biol. Chem., 1924—1925, 62,725; Abderhalden 
and Gebelein, Z. physiol. Chem., 1926, 152, 125). 88-Diphenyl- 
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alanine (2 g.), mixed with diphenylamine (40 g.), was heated in a 
metal-bath, the air being displaced from the reaction flask by a 
current of hydrogen which was afterwards led through a wash- 
bottle containing dilute sulphuric acid; the temperature of the 
bath was raised from 200° to 250° in the course of an hour, by 
which time decarboxylation was complete. The reaction mixture 
was cooled and dissolved in benzene, the latter being then extracted 
with the dilute sulphuric acid which had been employed in the 
wash-bottle. The acid extract was treated with excess of sodium 
hydroxide, the precipitated oil collected with ether (crude yield, 
75%), and the base purified by distillation; it had b. p. 180°/15 
mm., m. p. 39—40°. The hydrochloride had m. p. 259° and the 
picrate m. p. 216—217°. The chloroaurate and the chloroplatinate 
also coincided in properties with those described by the above- 
mentioned workers. 

3’ : 5'-Dibromo-3 : 5-di-todothyronine.—3 : 5-Di-iodothyronine (0-53 
g.) was suspended in glacial acetic acid (1-7 ¢.c.), and bromine 
(0:1 ¢.c.) in acetic acid (0-3 c.c.) added drop by drop; the addition 
was accompanied by evolution of heat and the amino-acid passed 
into solution. On keeping over-night in the ice-chest a crystalline 
precipitate separated; this was collected and dissolved in 50% 
alcoholic N-ammonium hydroxide. The ammoniacal solution was 
filtered, heated to boiling, and acidified with acetic acid; immedi- 
ate crystallisation of the product ensued. The compound had 
m. p. 244:5° (decomp.); yield, 45% (Found: N, 2-1; I, 37-4. 
C,;H,,0,NBr,I, requires N, 2-1; I, 37-2%). In solubilities the 
substance closely resembled thyroxine. 

DEPARTMENT OF PATHOLOGICAL CHEMISTRY, UNIVERSITY COLLEGE 

Hosrirat Mepicat ScnHoot, LoNDoN, AND DEPARTMENT OF 


MepicaL CHEMISTRY, UNIVERSITY OF EDINBURGH. 
[Received, March 22nd, 1929.] 





CXVII.—Properties of Conjugated Compounds. Part 
VII. The Additive Formation of cycloHexenes. 


By Ernest Harotp Farmer and Frank Lovis WARREN. 


SEVERAL open-chain butadienes yield dimerides which are substi- 
tuted cyelohexenes; cyclopentadiene and cyclohexadiene yield 
polycyclic dimerides in which the additively formed rings are 
reputed (but not yet conclusively demonstrated) to be four-carbon 
and six-carbon structures respectively. If the opinions of Stau- 
dinger, Wieland, and their collaborators (Helv. Chim. Acta, 1924, 
7, 23; Amnalen, 1925, 446, 19) respecting the constitution of 
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dicyclopentadiene be accepted, the cyclohexene-forming tendency 
cannot be regarded as an intrinsic property of the butadienes (com. 
pare Lebedev’s “ butadiene type ” of dimerisation, J. Russ. Phys. 
Chem. Soc., 1913, 45, 1249). The circumstances which determine 
the constitution of these and similar additive products are of the 
greatest interest in relation to butadienoid polarisation. The 
formation of both a cyclobutane and a cyclohexene (corresponding to 
the formation of 1 : 2- and 1 : 4-dibromides) from the same hydro- 
carbon has never been reported and it remains to be discovered to 
what extent cyclic addition of the polymeric type is modifiable by 
varying the polar character, the spatial configuration or the length 
of the conjugated system of the hydrocarbon. 

Recently Diels and Alder have published (Annalen, 1928, 460, 
98) an interpretation of the well-known reaction between p-benzo- 
quinone and cyclopentadiene and have extended the application 
of this addition to the combination of maleic anhydride, acraldehyde 
and similar reagents with butadienoid hydrocarbons in general. 
In so doing they have not only furnished an elegant method for the 
characterisation of conjugated hydrocarbons but have brought to 
notice a type of addition which is outwardly analogous to the poly- 
meric process already mentioned. Since in these additions the 
difficulties which attend the control of purely polymeric processes 
and the recognition of the reaction products thereof are largely 
absent, the reagents of Diels and Alder are admirably suited to the 
study of additive behaviour. Employing, therefore, maleic anhy- 
dride as an addendum, we have made observations on the possibility 
of modifying the cyclohexene-forming tendency. 

Addition to Open-chain Butadienes.—Diels and Alder record that 
the simple open-chain and cyclic butadienes unite with maleic 
anhydride to give anhydrocyclohexenes in quantitative yield. All 
the reaction products are assumed to be analogous to the compound 
(I) derived from butadiene itself, in which the presence of a six- 
carbon ring has been definitely established. We have confirmed the 
homogeneity of the products and the quantitative nature of the 
yields obtainable from the hydrocarbons examined by Diels and 
Alder and have found the same to hold with other hydrocarbons. 
Further, we have demonstrated that Diels and Alder’s formula (I) 


CH, CH-COMe 


\ 
Mite UH-CO\ 5 neon ge res 


CMe CH-CO> \é H-00,H 
2 


(IIT.) 
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(the position of the double bond had been assumed) is correct : the 
anhydride changes smoothly on oxidation into 8§’-dicarboxyadipic 
acid. 

6y-Dimethylbutadiene yields the compound (II), which is con- 
verted by ozonolysis into the ketonic acid 

COMe-CH,-CH(CO,H)-CH(CO,H)-CH,-COMe, 

or its cyclised equivalent (III). «¢-Dibromo-A**-hexadiene yields 
(on heating with maleic anhydride) a crystalline derivative to which 
the formula (IV) is assigned. This very stable anhydride containing 
only one double bond (as determined by hydrogenation) yields 
almost quantitatively a dilactone (V), reducible catalytically to the 
saturated lactone (VI). The latter substance, however, could not 
be successfully oxidised to hexahydroprehnitic acid (VIII) for 
direct comparison with specimens obtained in the ways described 
below. 


CH-CH,Br pe CH,°O pe *CH,"O 


stm, 
(CH “CH-CO,,, A aay Mt, Non do 
CH CH-CO CH CH-CO CH, CH—CO 


in Ne oe. | 7 4 
CH-CH,Br CH-CH,: CH-CH,: 
(IV.) (V.) (VI.) 
From these experiments and others carried out as a routine check on 
the purity of hydrocarbon samples, there is every reason to believe 
that cyclohexene formation from open-chain butadienes is complete 
and remains unaffected (except as regards velocity of reaction) by 
variation of the position of the alkyl substituents. 

Addition to Heterogeneous Conjugated Substances.—Ethyl muconate 
and sorbic acid react with maleic anhydride on prolonged heating. 
The additive product from the former gives oxalic acid so readily 
and extensively on treatment with permanganate or on ozonolysis 
that, in the absence of the observations of Baeyer (Annalen, 1890, 
258, 163) and Perkin and Pickles (J., 1905, 87, 299) on the intense 
destructive action of permanganate on the hydrophthalic acids, its 
representation by a cyclohexene structure such as (VII) would seem 

Pie idl CH-CO,H CH:CH-CO,Et 
Pe 'H-CH-CO , 
off ‘UE: CO.g CH, UH-CO,H H-CH-CO™ 

CH CH-CO CH, CH’CO,H CO,Et 


\ NS 
‘C0, Et CH-CO,H 


(VII.) (VIIL.) (IX.) 
to be out of the question. It is converted, however, on reduction 
and hydrolysis into a stable tetrabasic acid which not only yields a 
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distillable dianhydride on treatment with acetyl chloride but shows 
no tendency, in the form of its ester, to undergo the Dieckmann 
reaction with sodium. These properties, although not absolutely 
identifying the reduced acid as hexahydroprehnitic acid (VIII), are 
inconsistent with the alternative formulation of the additive com- 
pound as the cyclobutane derivative (IX) or a AA(etc.)-isomeride 
thereof. Complete proof has been sought by attempting to convert 
the anhydro-ester (VII) into the corresponding aromatic acid, preh- 
nitic acid. Dehydrogenation, however, is not successful beyond the 
diolefinic stage, the final product being apparently a dihydro- 
prehnitic acid. Ethyl cis-cis-muconate does not react appreciably 
with maleic anhydride even on prolonged heating. 

The structure of the sorbic acid derivative is not easily demon- 
strable. The oxidation products are liquids, difficult to isolate in a 
pure state but of a character indicating their formation from the 
cyclohexene compound (X) rather than from a corresponding cyclo- 
butane compound. Since both additive products yield strongly 
enolic acids at an early stage during oxidation, «{-positions are 
assigned to the double bonds in (VII) and (X). 

Addition to Cyclic Butadienes.—The union of open-chain and cyclic 
butadienes with maleic anhydride is attended by the liberation of 
much heat; this is particularly striking with the cyclic hydrocarbons 
and reaches a maximum vigour with cyclopentadiene. With 
cyclohexadiene, the-reaction appears to be a two-stage process in 
which the second stage, that of ring closure, is marked by the 
liberation of heat and is capable of acceleration or retardation, within 
limits, at will. The product is correctly represented by the bridged 
cyclohexene formula (XI), since it yields on oxidation the identical 
geometrical form of hexahydroprehnitic acid (VIII) previously 
derived from the muconic derivative (VII). 
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The correctness of Diels and Alder’s formula (XII) for the cyclo- 
pentadiene derivative is less certain, since it -has not been possible 
to show that the tetracarboxylic acid derived by oxidation is unques- 
tionably a cyclopentane and not a cyclobutane derivative. On the 
contrary, although the anhydro-derivatives from cyclopentadiene 
and cyclohexadiene do not show any such difference in stability as 
that which characterises the hydrocarbon dimerides (one of these is 
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oxidised with ease and the other with great difficulty), the tetrabasic 
oxidation product of the former is definitely inferior in stability to 
all the cyclohexane acids which have been examined and therefore 
may not safely be assumed to contain a cyclopentane ring. Subse- 
quent to the completion of this portion of our work, Diels and Alder’s 
formula (XII) was attacked by Bergel and Widmann (Annalen, 
1928, 467, 76) on grounds of the correspondence in instability of the 
cyclopentadiene-quinone compound (XIII) and dicyclopentadiene. 
Since Bergel and Widmann have obtained by oxidation of the latter 
a liquid tetrabasic acid considered to be (XIV), it is suggested that 
the constitution of the maleic anhydride and quinone derivatives 
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may well be analogous to that of dicyclopentadiene, ¢.e., contain an 
additively formed cyclobutane ring. The liquid tetrabasic acid now 
described by Bergel and Widmann was examined by one of us a year 
ago: its stability appears inferior to that to be expected of a cyclo- 


pentane ring. Thus, although there are grounds for suspecting 
that cyclopentadiene differs from other hydrocarbons in its mode of 
adding a non-dividing addendum, the definite production of cyclo- 
butane forms is hardly to be considered as established beyond all 
doubt. 

Addition to the Aev«-Hexatrienes.—Maleic anhydride may be added 
with ease to van Romburgh’s hexatriene (trans), the reaction yielding 
almost quantitatively a crystalline anhydride: to this the constitu- 
tion (XV) is assigned on the following grounds. Degradation by 
ozonolysis yields acetaldehyde and a very strongly enolic aldehyde : 
the latter breaks down progressively on treatment with permangan- 
ate, apparently owing to the successive formation and decomposition 
of ketosuccinic (hydroxymaleic) acids, to yield oxalic acid as the 
main product [CHO-CO-CH(CO,H)-CH(CO,H)-CH,-CHO —~> 
(CO,H), + HO,C-CO-CH(CO,H)-CH,°CO,H, etc.]. A similar decom- 
position takes place when the acid corresponding to (XV) is directly 
oxidised with permanganate. 

cis-Hexatriene also combines additively with maleic anhydride. 
The addition product appeared at first to be isomeric, rather than 
identical, with that from the trans-hydrocarbon. It was a slightly 
impure liquid which solidified only after numerous distillations and 
the lapse of many weeks: this behaviour was in strong contrast 
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with the remarkable crystallising capacity of the other anhydride, 
However, since from the first both anhydrides gave identical anilic 
acids and hydration products (as well as similar oxidation products), 
it is probable that thecrystallisation of the newly obtained anhydride 
had merely been inhibited by impurity. This is the more likely in 
that any initial configurational difference between the products, due 
to the geometrical forms of the hydrocarbons, might be expected 
to disappear during the double-bond migration (presumably post- 
additive) which results in the appearance of ethylidene- instead of 
vinyl-cyclohexenes. 

trans-Hexatriene adds bromine both at the 1:2- and at the 
1 : 6-positions (hitherto quinoline perbromide has been employed 
in preparing the 1 : 2-dibromide) : attachment at the 1 : 4-positions 
appears to be unfavoured. With maleic anhydride, there is exclu- 
sive attachment at the 1 : 4-carbon atoms, and the selection of the 
second point of attachment (at one or other of the even carbon atoms 
of the chain) seems not unconnected with the universal strong 
tendency towards the formation of six-carbon rings. Indeed it 
seems probable that, in all ring-forming additions of the type here 
considered, the intermolecular attachments are established consecu- 
tively and that the mode of completion of addition is determined— 
so far as choice between rival polarised centres of the butadiene chain 
is concerned—by configurational opportunism. 


EXPERIMENTAL. 


General Method.—The reactants in molecular proportion were 
kept in dry benzene solution. In some instances heating at 100° 
was necessary to effect addition (compare Diels and Alder, loc. cit.). 

4 : 5-Dimethyl-cis-A‘-tetrahydrophthalic anhydride (II) was 
obtained quantitatively by keeping the solution of Sy-dimethyl- 
butadiene and maleic anhydride for 24 hours at room temperature. 
It crystallised from petroleum (b. p. .60—80°) in long colourless 
needles, m. p. 78° (Found: C, 66-55; H, 6-65. CO 9H,.0, requires 
C, 66-6; H,; 6-7%). When heated for a few minutes with ten times 
its weight of water, the anhydride yielded 4 : 5-dimethyl-cis-A‘*-tetra- 
hydrophthalic acid, which readily separated from the aqueous liquor 
and crystallised from aqueous alcohol in colourless prisms, m. Pp. 
180—192° (Found: C, 60-6; H, 7-1; M, dibasic, 199. C, H,,0, 
requires C, 60-6; H, 7-1%; M, 198). The acid reverted partly to 
the anhydride at its melting point. 

When a chloroform solution of the anhydride was ozonised for 
several hours, a solid, somewhat sticky ozonide separated. This, 
after removal of chloroform at room temperature, was kept with 
water for several weeks. The crystalline acid produced, much of 
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which could be filtered off directly and the remainder obtained by 
evaporating the aqueous liquor to dryness, was washed with ether 
and recrystallised from a small amount of water; m. p. 186°, with 
anhydride formation (Found: C, 51-9; H, 6-0; MM, dibasic, 232. 
C 9H 40. requires C, 52-15; H,6-1%; M, 230). Of the two possible 
structures for this acid, octane-$y-dione-de-dicarboxylic acid and the 
corresponding cyclol, 3-acetyl-4-methyl-cyclopentan-4-ol-1 : 2-di- 
carboxylic acid (III), the latter is regarded as correct; although the 
acid yielded crystalline derivatives with the usual reagents for 
ketones, it did not yield $8’-dicarboxyadipic acid on farther oxid- 
ation with permanganate or hypobromite. 

An acid, which appears to be a lactonised form of the open-chain 
octanedionedicarboxylic acid, was precipitated when the original 
anhydride was heated for a few minutes with dilute nitric acid 
(1:1) and the solution cooled; it formed colourless flakes, m. p. 
219°, softening at 210° [Found : M (monobasic), 232; M (dibasic 
towards hot baryta), 232). 

cis-A*-Tetrahydrophthalic anhydride was obtained quantitatively 
from butadiene and maleic anhydride by keeping the solution of the 
reactants for 24 hours. The melting points of the anhydride and of 
the corresponding cis-A‘-tetrahydrophthalic acid were identical 
with those recorded by Diels and Alder. 

The anhydride (3 g.) was hydrolysed by warming with a slight 
excess of sodium bicarbonate solution, and the product oxidised at 
0° with 3° permanganate solution in the usual way. The equivalent 
of 2 atoms of oxygen per molecule of anhydride was readily absorbed 
and a second 2 atoms more slowly. From the product, worked 
up in the usual way, ether extracted a slightly gummy crystalline 
acid, and a further quantity of the same acid was obtained by 
evaporating the aqueous mother-liquor to dryness and extracting 
the residue. This acid was the lower-melting stereo-form of 
§y-dicarboxyadipic acid, a colourless crystalline powder, m. p. 188— 
189° (Found: C, 40-8; H, 4:3; M, tetrabasic, 236. Cale.: C, 
41-0; H, 4:3%; M, 234). This form, in view of the spatial distri- 
bution in the parent isomeride, should represent the meso-isomeride : 
steric formule have not been allotted to the two dicarboxyadipic 
acids, but by analogy with ««’-dimethylsuccinic acid the lower- 
melting acid should have the meso-configuration. 

3 : 6-Dibromomethyl-cis-A4-tetrahydrophthalic Anhydride (IV).— 
Addition of maleic anhydride to «t-dibromo-A*-hexadiene in 
benzene was effected at 100° during 54 hours. The solvent was then 
temoved from the almost black product, the residue mixed with dry 
ether, and the coarsely crystalline precipitate obtained recrystal- 
lised from light petroleum; it formed colourless slender needles 
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or (from benzene) short prisms, m. p. 98° (Found: Br, 47-4. 
C1 9H,,0,Br, requires Br, 47-3%). The ethereal liquor contained 
unchanged dibromide, maleic acid, and a further small quantity of 
the condensation product. Yield, 67%. 

Careful oxidation of the anhydride with permanganate in neutral 
aqueous acetone, during which 4 atoms of oxygen per molecule were 
absorbed, yielded only gummy acids. The anhydride could not be 
hydrolysed by boiling water; when, however, it was boiled with 
aqueous sodium carbonate (2 mols. per mol. of anhydride), dis. 
solution was slowly effected. The alkaline solution, after being 
boiled with charcoal and acidified, yielded white flakes, which 
recrystallised from water in fern-like leaves, m. p. 159—163° after 
softening at 147°. This substance, stable towards sodium bicar. 
bonate, behaved as a dilactone (V) of 3 : 6-dihydroxymethy]-cis. 
A‘-tetrahydrophthalic acid (Found: C, 62-0; H, 5-1; M, dibasic, 
196. Cy, 9H,,0, requires C, 61-85; H, 5-15%; M, 194). Yield, 
63%. Attempts to oxidise the sodium salt of the dihydroxy-acid 
to {§’-dicarboxyadipic acid proved futile. Permanganate in 
particular caused extensive degradation to oxalic acid. 

Lactone of 3: 6-Dihydroxymethylhexahydrophthalic Acid (V1).— 
Catalytic reduction of the preceding lactone was readily effected, 
one molecule of hydrogen being absorbed. The saturated Jactone 
crystallised from aqueous alcohol in colourless prisms, m. p. 119— 
120° (Found: C,.61-5; H, 6-1. Cj, 9H,.0, requires C, 61-2; H, 
6-1%). Attempts were made to oxidise this substance to hexa- 
hydroprehnitic acid by Fournier’s method (Bull. Soc. chim., 1909, 
5, 920): the product was a mixture of oxalic acid and an acid 
(colourless prisms from water; m. p. 135°) which, although greatly 
resembling the acid sought, had approximately the composition 
Cy9H 1205. 

Addition to trans-«8-Dibromo-Ay<«-hexadiene.—A benzene solution 
of maleic anhydride and the dibromide (the latter prepared by the 
method of Farmer, Laroia,; Switz, and Thorpe, J., 1927, 2953) in 
equimolecular proportion was kept for 12 hours and then heated for 
5 hours at 100°. On removal of the solvent, a dark viscous mass 
remained from which no portion of the reactants could be recovered. 
Although addition had occurred, a pure addition product could not 
be isolated. Isomerisation of the «$-dibromide had occurred to 
some extent during the heating, since a quantity of the dilactone, 
m. p. 159—163°, derivable from «{-dibromo-A*-hexadiene was 
obtained by boiling the crude condensation product with aqueous 
sodium carbonate for 20 minutes. 

3 : 6-Dicarbethoxy-A*-telrahydrophthalic anhydride (VII) was pre- 
pared from maleic anhydride and ethyl trans-trans-muconate at 
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100° (yield : 29% after 5 hours; 50% after 18 hours). It separated 
from the cooled reaction mixture in spherical crystal aggregates 
which, after twice crystallising from chloroform, formed white flakes, 
m. p. 185—188° (Found: C, 565; H, 5-4. C,,H,,0, requires 
C, 56:8; H, 5-4%). 

The anhydro-ester was boiled with water for 20 minutes, and the 
cooled solution neutralised with sodium carbonate. The product 
was oxidised : 3% permanganate solution equivalent to 4 atoms of 
oxygen was supplied, the bulk of which was reduced in 3} hours at 
0° and the remainder on standing over-night at room temperature. 
The product, freed from manganese, was boiled for 20 minutes to 
complete the hydrolysis of ester groups; it was then concentrated 
to small bulk, acidified, and extracted with ether. The extract 
yielded oxalic acid mixed with a relatively small proportion of acidic 
gum. The yield of oxalic acid was much too large to be correlated 
with the amount of oxygen supplied. Reduction of the proportion 
of permanganate employed led to the production of an enolic syrupy 
acid and oxalic acid. Since the enolic material was invariably 
produced at an early stage in the reaction, the double bond is assigned 
to the A’-position. 

In order to discover whether double-bond movement occurred 
during opening of the anhydride ring the anhydro-ester was ozonised. 
The ozonide on warming with water lost carbon dioxide and yielded 
a deep yellow solution; the latter, however, on further oxidation 
with alkaline hydrogen peroxide, yielded oxalic acid as the only 
recognisable product. 

From the anhydro-ester the corresponding tetraethyl ester 
(colourless prisms, m. p. 75°) was obtained by the action of alcoholic 
hydrogen chloride. By alternate addition of bromine, and removal 
of hydrogen bromide with diethylamine or pyridine, it was sought to 
convert the ester successively into ethyl dihydroprehnitate and ethyl 
prehnitate. The final product, however, after two such series of 
operations (in the second series, bromine was absorbed only under 
strong illumination) yielded on hydrolysis an acid corresponding in 
composition to dihydroprehnitic acid (colourless prisms from water ; 
m. p. 241° with decomp.) (Found: C, 47-2; H, 3-1. Cj H,O, 
requires C, 47-0; H, 3-1%). 

3: 6-Dicarboxyhexahydrophthalic Acid (Hexahydroprehnitic Acid) 
(VIII).—Dicarbethoxy-A*-tetrahydrophthalic acid was hydrogen- 
ated catalytically in the presence of colloidal palladium. For this 
purpose the above-described anhydro-ester was boiled for 30 
minutes with water, and the product diluted with alcohol. Addition 
of 1 mol. of hydrogen was complete in a few hours; prolonged 
treatment with hydrogen caused no further absorption. The 
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reduction product was isolated in the usual way and immediately 
hydrolysed with boiling dilute hydrochloric acid. On concentration 
of the acid solution to small bulk, the saturated acid separated slowly 
in large rectangular prisms containing 1H,O. These were twice 
recrystallised from very small quantities of water, and then had 
m. p. about 168° (variable with the rate of heating owing to anhy. 
dride formation) (Found: C, 43-0; H, 5-1; M, tetrabasic, 28), 
C,9H,,0,,H,0 requires C, 43-2; H, 5-05%; M, 278). 

The tetraethyl ester, formed by saturating an alcoholic solution of 
the acid with hydrogen chloride, was a colourless oil, b. p. 238°/15 
mm. (Found: C, 58-1; H, 7-5. C,,H,,0O, requires C, 58-1; H, 
7-5%). It was recovered unchanged after treatment in toluene 
with pulverised sodium. 

The dianhydride separated in well-formed prisms, m. p. 223— 
225°, when the acid was refluxed for several hours with pure acetyl 
chloride (Found: C, 53-5; H, 3-5. CygH,O, requires C, 53:5; 
H, 3-5%). It distilled unchanged, save for slight resinification, at 
greatly reduced pressure. 

6-Carboxy-3-methyl-cis-A5-tetrahydrophthalic anhydride (X) was 
obtained by heating a benzene solution of maleic anhydride and 
sorbic acid for 18—38 hours at 100° and immediately pouring off 
the hot liquor from the hard prismatic mass which had separated. 
The latter very sparingly soluble substance (m. p. 174°) was purified 
by treating it several times with boiling benzene and with ether. 
Yield : 57% in 18 hours; 80% in 36 hours. The anhydride could 
be dissolved in boiling water without appreciable hydrolysis; 
boiling for 1 hour with water yielded 6-carboxry-3-methyl-cis-A°-tetra- 
hydrophthalic acid, which formed colourless prisms, m. p. 194° with 
anhydride formation (Found: C, 52-5; H, 5-2; WM, tribasic, 231. 
C,9H4.0, requires C, 52-6; H, 53%; M, 228). 

The anhydride yielded a semi-solid ozonide, insoluble in chloro- 
form. Decomposition of the ozonide with water yielded no volatile 
aldehyde; the syrupy aldehydic material obtained was extensively 
broken down to oxalic acid by further gentle oxidation with per- 
manganate. When the anhydride was carefully oxidised with 
alkaline permanganate (3atoms of oxygen per molecule of anhydride), 
no oxalic acid was produced, but an enolic acid which lost carbon 
dioxide on heating and was further oxidisable by alkaline hydrogen 
peroxide or sodium hypochlorite to a viscous polybasic acid. 
Although oxidation followed a course generally consistent with the 
formula assigned, the acidic products could not be obtained 
sufficiently pure for identification. 

The acid, when catalytically hydrogenated in the presence of 
palladium, absorbed 1 mol. of hydrogen and gave 6-carboxy-3-methyl- 
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cis-hexahydrophthalic acid, which crystallised from water in glistening 
prisms containing 1H,O, m. p. 194—196° (Found : C, 48-5; H, 6-5. 
M, tribasic, 247. C, )H,,0, requires C, 48-4; H, 6-45%; M, 248). 

Addition to Cyclic Butadienes.—The addition of maleic anhydride 
to cyclohexadiene (compare Diels and Alder, loc. cit.) was effected 
in various solvents. When the reactants were mixed, the solution 
(especially in benzene) assumed a deep yellow colour; after a few 
minutes, the temperature began to rise rapidly and the colour 
gradually faded; if the solution was kept cool, the yellow colour 
could be preserved for many hours. In the absence of a solvent 
reaction was very vigorous, the temperature rising to 150° and 
above, but in certain solvents, such as ether, the reaction was 
greatly retarded. The addition to cyclopentadiene took place very 
vigorously in all solvents and explosively in the absence of a 
solvent. 

Oxidation of Dicyclooctenedicarboxylic Acid (Ethane-1:*II1*4-A5-. 
cyclohexene - 2 :3-dicarboxylic Acid).—Oxidation of the cyclo- 
hexadiene addition product with alkaline permanganate (4 atoms 
of oxygen per molecule) at 0° yielded a solid tetrabasic acid, m. p. 
168° (decomp.), which formed colourless prisms containing 1H,O 
(Found : C, 43-15; H, 5-0; M, tetrabasic, 281-6. C,)H,,O, requires 
C0, 43-2; H, 5-0% ; M, 278), mixed with a syrupy acid which appeared 
to be an impure form of the solid acid. The latter gave the same 
dianhydride and was in all observed respects identical with the acid 
obtained by hydrogenating the ethyl muconate addition product 
described above. 

Oxidation of the cycloPentadiene—Maleic Anhydride Condensation 
Product.—Permanganate oxidation in this instance differed from all 
similar oxidations of hydrocarbon—maleic anhydride products iu the 
indefiniteness of the end point and in the resinification which 
occurred (with blackening of the solution) during concentration of 
the oxidation liquor. These points are characteristic of the corre- 
sponding oxidation of dicyclopentadiene. The dark brown viscous 
acid obtained deposited colourless prisms of a tetrabasic acid, 
m. p. 181—182° with anhydride formation (Found: C, 42-9; H, 
42; M, tetrabasic, 250. C,H,,0,-requires C, 42-9; H,4:1%; M, 
246). Esterification of the non-solidifiable portion (tetraethyl ester, 
colourless mobile liquid, b. p. 226°/l4mm. Found: C, 57-0; H, 7-2. 
CoH, 0, requires C, 57-0; H, 7-3%), followed by hydrolysis with 
hydrochloric acid, permitted separation of the resinous matter and 
the accumulation of considerable quantities of the solid acid. The 
attempts which have been made to determine whether this acid is to 
be regarded as cyclopentane-1 : 2 : 3: 4-tetracarboxylic acid or as 
tyclobutane-1 : 2 : 3-tricarboxy-4-acetic acid have so far been 
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without success. Unlike the analogous cyclohexane acids, it 
gradually reduced alkaline permanganate. 

Addition to trans-Hexatriene-—The benzene solution of maleic 
anhydride and hexatriene was kept at room temperature for 14 hours 
and then heated at 100° for 5 hours. After removal of the solvent 
at reduced pressure an oil remained which soon solidified (m. p. 46°), 
This substance, 3-ethylidene-cis-A‘-tetrahydrophthalic anhydride, 
separated from petroleum (b. p. 40—60°) in very long, colourless 
needles, m. p. 51-5°, b. p. 148°/6 mm: (Found: C, 67-6; H, 5:6. 
C,)H,,0, requires C, 67-4; H, 5-6%). With aniline it yielded an 
anilic acid (colourless flakes, m. p. 174°. Found: C, 71-1; H, 6-2. 
C,,H,;0,N requires C, 70-85; H, 63%). Yield, quantitative. 

On boiling with water for 10 minutes the anhydride passed into 
solution. Extraction of the cooled product with ether yielded the 
corresponding 3-ethylidene-cis-A‘-tetrahydrophthalic acid, which 
crystallised from water in colourless prisms, m. p. 164—166° with 
evolution of steam (Found: C, 61-4; H, 6-3; M, dibasic, 197-6, 
C,,H,.0, requires C, 61:2; H, 61%; M, 196). 

Ozonisation of a chloroform solution of the anhydride at 0° for 
9 hours caused the separation of a sticky ozonide which, after 
removal of the solvent, was gently heated with water. The vapours 
evolved during heating, smelling strongly of acetaldehyde, were 
swept by a stream of carbon dioxide into an acetic acid solution of 
6-naphthol containing some hydrochloric acid (compare Mulliken, 
“‘ Identification of Pure Organic Compounds,” I, 23). A con 
siderable quantity of ethylidene-8-dinaphthyl oxide, m. p. 172:5° 
(mixed m. p. with authentic specimen, 172-5°), was obtained. The 
colourless aqueous liquor, which gave a very intense purple colour 
with ferric chloride, assumed a dark brown colour on boiling; on 
extraction with ether it yielded syrupy products from which only 
oxalic acid could be obtained on further oxidation with perman- 
ganate; on neutralisation with alkali and addition of ammonia it 
yielded a small amount (too small for. investigation) of an insoluble 
calcium salt which had the characteristic properties of precipitated 
calcium tricarballylate. - 

The oxidation of the anhydride with ice-cold permanganate 
solution was studied in some detail. Invariably 7 atoms of oxygen 
per molecule of anhydride were readily taken up, after which 
reduction of permanganate became very slow. Isolation of the 
oxidation product at this stage—a stage corresponding to the 
production of «-oxalyltricarballylic acid—yielded a strongly enolic 
acid (intense purple colour with ferric chloride). Further oxidation 
of the latter with permanganate could be slowly accomplished at room 
temperature : interruption of the oxidation process and isolation of 
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the product from portions of the material yielded always oxalic acid 
and syrupy enolic acids until finally practically the whole of the 
original anhydride had been converted into oxalic acid. 

Addition to cis-Hexatriene.—A benzene solution of the hydro- 
carbon (which contained a little of the trans-isomeride) and maleic 
anhydride was kept for 12 hours and then heated at 100° for 5 hours. 
From the cooled product, some insoluble matter (highly polymerised 
material) was filtered off, and the solvent removed at reduced pres- 
sure. The crude liquid anhydride obtained (yield, 83%; b. p. 120— 
150° after a very small proportion of maleic anhydride had distilled) 
was rigorously fractionated and specimens were analysed. All 
fractions were very slightly impure, although all gave nearly quanti- 
tative yields of an anilic acid and of an ethylidene-cis-tetrahydro- 
phthalic acid identical with the corresponding compounds from the 
trans-hydrocarbon. Ultimately, after many distillations and the 
lapse of several weeks, practically the whole of the material solidified ; 
the solid after two recrystallisations was found to be identical with 
the ethylidene-cis-tetrahydrophthalic anhydride derived from the 
trans-hydrocarbon. On ozonisation the once-distilled crude liquid 
anhydride gave results identical with those recorded for the pure 
solid anhydride. 
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CXVIII.—The Oxidation of d-A*-Carene with 
Beckmann’s Chromic Acid Mixture. 


By CHARLES STANLEY GIBSON and JOHN LIONEL SIMONSEN. 


For the identification of d-A*-carene in essential oils the only satis- 
factory method at present available consists in the oxidation of 
the appropriate fraction of the oil with potassium permanganate 
in acetone solution; d-1 : 1-dimethyl-2-y-ketobutylcyclopropane-3- 
carboxylic acid is then obtained, which can be characterised by the 
preparation of the semicarbazone, m. p. 182—183° (J., 1922, 121, 
2295). Although this method enabled Semmler and von Schiller 
(Ber., 1927, 60, 1591) to establish the presence of the hydrocarbon 
in various oils and so confirm the conclusion previously reached by 
Rao and Simonsen (J., 1925, 127, 2494) that sylvestrene does not 
occur in nature, it has the inherent defect that, unless great care is 
taken to remove all traces of «-pinene, the keto-acid is liable to be 
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contaminated with pinonic acid, which would render difficult the 
purification of the semicarbazone. 

d-A*-Carene, on oxidation with Beckmann’s chromic acid mixture 
(compare this vol., p. 305), behaves in a similar manner to the 
A’-isomeride. As the quantity of the terpene available for oxid. 
ation was limited, a complete investigation of the products formed 
in the reaction was not possible, but /-trans-caronic acid was 
isolated in excellent yield and it had the same m. p. and rotatory 
power as that described previously. The fact that the rotatory 
power was identical with that of the acid obtained from d-A%-carene 
is of particular interest and enhances the desirability of the 
resolution of dl-trans-caronic acid into its optical enantiomorphs 
being undertaken. 

EXPERIMENTAL. 

The oxidation of the hydrocarbon, which had been separated from 
the oil from Andropogon Jwarancusa and carefully purified by 
distillation over sodium, was carried out under the conditions given 
previously (loc. cit., p. 398) and proceeded much more rapidly and 
completely than in the case of d-A%-carene. The [-trans-caronic 
acid obtained (3 g. from 50 c.c. of the terpene), after crystallising 
from water, had m. p. 202—203° (Found: C, 53-2; H, 6-7. Cale.: 
C, 53-2; H, 6-3%). The rotatory power was determined in alcoholic 
solution at 20°: c=2-:215, l= 4, a54., = — 1-05°, whence 
[%]54g1 = — 11-85°. The identity of the acid was confirmed by its 
conversion into cis-caronic acid in the usual manner. From the 
original aqueous filtrate, by extraction with ether, a further quantity 
of l-trans-caronic acid (1-8 g.) was separated, and in addition 
terebic acid, m. p. 173—174° (alone and in admixture with an 
authentic specimen) and dimethylmalonic acid, decomp. 185—186° 
(Found: M, 138-8. Cale.: M, 138), were isolated. 

A neutral oil, yielding a semicarbazone, m. p. 205—207°, was 
obtained, but the quantity was insufficient for analysis and 
identification. 


Guvy’s Hosprrat Mepicat ScHoot, 
(University or Lonpown), 8.E. 1. [Received, March 19th, 1929.] 





CXIX.—The Binary System Carbanuide—Ammonium 
Nitrate. Molecular Association in: each Component. 


By Witu1amM Joun Howe Lts. 


CARBAMIDE is known to form compounds with certain nitrates, 
e.g., silver and mercuric, and one of the objects of this research was 
to determine whether it combined with ammonium nitrate. lsc, 
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attempts are described to determine (a) the molecular depression 
of the freezing point for carbamide and for ammonium nitrate, and 
(b) the state of molecular association of certain compounds when 
diseglved in these two substances in the molten state. 


EXPERIMENTAL. 


The materials used were of a high degree of purity, and were 
powdered and dried carefully—generally in a water-oven, and for 
several days in the case of ammonium nitrate—before use. When 
not in use, they were kept over fused calcium chloride in a desiccator. 

The freezing-point apparatus was of the usual kind. The outer 
jacket, a cylindrical glass jar, was wrapped in cotton-wool at the 
bottom, and the inner tube was a hard-glass test-tube (6’’ x 1’’) 
provided with a tightly fitting cork which carried a solid glass stirrer 
and two thermometers, one of which (a standard) dipped into the 
melt. The other thermometer, together with a third, outside the 
apparatus, enabled the correction for exposed stem to be made in 
two parts. 

About 30 g. of pure dry ammonium nitrate were weighed into 
the hard-glass test-tube, which was tightly corked and heated in 
an oil-bath ; as soon as the nitrate had melted, the tube was refitted 
with the thermometers and stirrer, left in the bath for a minute, then 
wiped and quickly placed in its jacket. The molten nitrate was 
stirred until crystals appeared throughout its bulk, whereupon the 
temperature rose slightly but rapidly to a stationary maximum, which 
was taken as the freezing point. The temperatures on both 
auxiliary thermometers were read immediately. In all cases, the 
mean of four such determinations was taken as the true freezing 
point. 

A weighed quantity of carbamide was now introduced into the 
molten ammonium nitrate, and the freezing point redetermined. 
After two lots of carbamide had been added, a fresh quantity of 
nitrate was used. Subsequently, the freezing points were deter- 
mined of pure carbamide and of its mixtures with weighed amounts 
of ammonium nitrate. The two molten liquids are miscible in all 
proportions. Very concentrated solutions exhibited no rise in 
temperature at their crystallisation point, so the temperature at 
which crystals appeared throughout the melt was taken as the freezing 
point; the reading was facilitated by placing a luminous flame 
behind the apparatus. With a few of the concentrated solutions, 
observations of a eutectic arrest were made. 

As Saunders (J., 1922, 121, 698) has shown that at 200° pure dry 
ammonium nitrate evolves 20 c.c. of gas per 50 g. per hour, the 
temperature in the present work was rarely taken above 180°: the 
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slight decomposition occurring, which was greater with mixtures, 
was negligible in all cases. The same is true for carbamide and its 


mixtures. 
The results are in Table I, and are shown graphically in .the 


figure. 
TABLE I. 


Freezing Points of Ammonium Nitrate and Carbamide Mixtures. 


Carb- Carb- Carb- Carb- 
amide,%. F.p. amide,%. F. p. amide,%. F.p. amide,%. F.p. 
0 169-6° 15-08 120-8° 41-14 60-4° 80-24 106-2° 
1-09 165-3 15-80 119-2 46-10 45-2 (c) 88-82 115-7 
2-33 160-8 24:26 100-5 48-99 47-28(d) 90-1 118+] 
2-65 159-7 27:36 93-9 49-95 51-0 (e) 95°56 125-65 
3-47 156-7 29-90 87-9 57-5 65-2 95-61 1261 
5-87 148-3 33-90 77-9 63-6 76-0 97-93 129-0 
9-77 135-5 37-30 71:3 (a) 68-07 85-2 98-83 130-2 
12-19 126-0 40:00 61-38(b) 72-3 91-2 100-0 132:1 
Eutectic arrests observed at points marked a, b, c, d, and e were at 45:1, 
44-45°, 44-85°, 44-05°, and 44-9°, respectively, the mean being 44-67°. 


Fie. 1. 
Ammonium nitrate + carbamide. 
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The freezing-point curve for the binary system consists of two 
limbs, giving a definite eutectic point, and there is no indication of 
the formation of a double compound. The eutectic point is at 
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44-7°, and the eutectic mixture contains 47% of carbamide, or 
54:18 mols.%. This temperature is in close agreement with the 
mean of the eutectic arrests. 

The left-hand limb of the curve shows a definite break at 126°, 
corresponding to the transition of the regular to the rhombohedral 
form of ammonium nitrate at 125°, but seems to pass smoothly 
through the transition point at 83°. It thus appears that the lower 
portion of this limb was obtained under metastable conditions. 


Molecular Association in Ammonium Nitrate and in Carbamide. 


The depression of the freezing point caused by the addition of 
dextrose, ammonium nitrate, and acetamide to carbamide (about 
25 g.) was determined at three different concentrations in each case, 
and the corresponding molecular depressions were calculated; the 
results are in Table IT (a), A being the observed depression. 


° 


° 


= * . = * * * * * 
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TABLE IT. 


(a) Carbamide mixtures. 


Substance G. per 100 g. Mol. de- 
added. carbamide. A. pression. M,cale. M, obs. 

C,H,,0, 2-024 215 180 
4-680 205 +4 
6-450 201 ‘i 

NH,NO, 1-184 128 80 
2-114 117 pe 
2-880 111 vi 

CH,-CO-NH, 0-800 79 59 
1-550 73 = 
2- 144 70 ”” 


09 sete > G04 St GTR 
acocrOnw sr 
Snr 


obo =] 


(6) Ammonium nitrate mixtures. 


Substance G. per 100 g. Mol. de- 
added. NH,NO,,. pression. M,cale. M, obs. 
CO(NH,), 2-386 221 60 
~ 6-240 205 i 
CH,-CO-NH, 2-362 205-3 59 63°5 
= 5-571 185 36 65-4 
Ca(NO,). 2-060 266 164 141 
1KNO, 4-04 82-5 101 
” 10-50 80-8 
*H.O 2-05 202 18-3 
‘LINO, 2-76 220 69 
‘NaNO, 3-40 207-5 90-5 
> 8-84 192-3 o° 90-6 
$ NH,Cl 5-60 123 53-5 89-2 


1 Perman and Howells, J., 1923, 123, 2129. 

2 Millican, Joseph, and Lowry, J., 1922, 121, 959. 
3 Perman and Harrison, J., 1924, 125, 1709. 

* Early and Lowry, J., 1922, 121, 963. 

5 Perman, ibid., p. 2473. 
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The figures obtained for dextrose at the concentrations indicated 
are in fair agreement with Blagden’s law, but since the concordance 
is not exact, the values 215, 205, and 201 have, in turn, been adopted 
as the value of the molecular depression “‘ constant ” in deriving the 
calculated molecular weights at the three concentrations of the other 
two substances. The results show that ammonium nitrate and 
acetamide exhibit molecular association when dissolved in carb. 
amide, and that their degrees of association increase slightly with 
increase in concentration, approaching the values 2 and 3 respec- 
tively at the concentrations involved. (Amides as a class show 
strong association in many solvents.) 

Determinations of the freezing points were made when carbamide, 
acetamide, and calcium nitrate were added separately to about 30 g. 
of ammonium nitrate. (Dextrose was at once charred when added 
to the molten salt, and naphthalene, triphenylmethane, and diethy]- 
malonylurea proved to be too sparingly soluble.) The results are 
in Table II (6), together with those for five other substances as 
calculated from published data. 

The values of the molecular depressions for carbamide, lithium 
nitrate, and water are in close agreement, especially when they refer 
to approximately equal molecular concentrations ; hence carbamide 
and lithium nitrate probably have their normal molecular weights, 
water being possibly slightly associated rather than dissociated. 
Consequently, 221 and 205 have been adopted as the values of the 
molecular depression “‘ constants ’’ for ammonium nitrate according 
as calculations are made at one or other of the two molecular con- 
centrations concerned. 

The figures in the last column indicate that acetamide is slightly 
associated, but not nearly to the same extent as when dissolved in 
molten carbamide. Sodium nitrate appears to be slightly associated. 
On the other hand, ammonium chloride is strongly associated in 
molten ammonium nitrate. 

The molecular depression due to caleium nitrate, viz., 266, was 
calculated from the depression of the freezing point caused by a 
concentration of 0-0126 mol. per 100 g. of ammonium nitrate. 
At this concentration carbamide produces a depression of 29° 
(value obtained from the curve) corresponding to a molecular 
depression of 229; hence, if carbamide is ‘‘ normal ” in ammonium 
nitrate solution, the observed molecular weight for calcium nitrate 
is 141, indicating some dissociation. 

The abnormal results obtained with potassium nitrate are interest- 
ing, but the sub-normal molecular depression of the freezing point 
may be due, not only to molecular association of the solute (compare 
sodium nitrate, above), but also, at least in part, to the separation of 
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mixed crystals, which Perman and Howells (J., 1923, 123, 2128) 
have shown to exist. 

It is intended to investigate the molecular depressions caused by 
the addition of rubidium, cesium, and thallous nitrates to ammon- 
jum nitrate, since these metals and ammonium belong to a series of 
“ isomorphous elements.” 


Summary. 


1. The equilibrium curve for the binary system ammonium nitrate— 
carbamide consists of two limbs, and exhibits a eutectic point at 
44-7° and 47% of carbamide. The ammonium nitrate exhibits a 
transition point at 126°. The two substances do not form a com- 
pound at the temperatures involved in these experiments. 

2. For dilute solutions, the molecular depression per 100 g. of 
carbamide is approximately 215. Ammonium nitrate and 
acetamide are strongly associated in molten carbamide. 

3. For dilute solutions in molten ammonium nitrate, the mole- 
cular depression is about 221 per 100g. Carbamide, lithium nitrate, 
and water are all normal, or nearly so, in this solvent, but sodium 
nitrate and acetamide are slightly associated. Potassium nitrate 
causes a sub-normal depression of the freezing point, partly, at least, 
because it separates with the solvent in the form of mixed crystals. 
Calcium nitrate is slightly dissociated and ammonium chloride 
strongly associated in molten ammonium nitrate. 


MunicipAL SECONDARY SCHOOL, 
QUAKERS’ YARD. [Received, February 28th, 1929.] 





CXX.—The Transformation of Phenylnitroamines 
into Nitroanilines. Part I. 


By ALAN Epwitn BRADFIELD and KENNEDY JOSEPH PREVITE 
ORTON. 


THE isomeric change of aromatic nitroamines into nitroanilines, 
Ar-NH-NO, —-> NO,°(Ar—-H):NH,, under the influence of mineral 
acids in aqueous or aqueous acetic acid media was first investigated 
in these laboratories some years ago, but only a preliminary account 
of the results has been published (Orton and Pearson, J., 1908, 93, 
725; Orton, Reed, and Thomas, Brit. Assoc. Reps., 1912, 117; 
Chem. News, 1912, 106, 236). The transformation of the nitro- 
amines offers a striking contrast to the isomeric change of the 
chloroamines, in that all acids are effective catalysts of the former, 
whereas for the latter hydrochloric acid is essential (Orton, Soper, 
and Williams, J., 1928, 998). Moreover, the chlorination of one 
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anilide by the chloroamine of another [Ar-NClAc + Ar’*NHAc—» 
Ar-NHAc + Cl-(Ar’-H)-NHAc] finds no complete and simple 
parallel in the interaction of a nitroamine with an anilide. Although 
indications have been obtained that it is sometimes possible for the 
nitro-group to migrate from a nitroamino-group of one substance 
and become attached to a carbon atom of another aniline or an 
anilide, no nitrating agent invariably and normally appears in the 
system in which a nitroamine is undergoing isomeric change, whereas 
the presence of chlorine can always be demonstrated during the 
isomeric change of a chloroamine. With the aid of more accurate 
modern apparatus, and with an extended range of material, the 
isomeric change of the nitroamines has again been examined by 
the authors. 

Quantitative measurements of the rate of transformation of a 
nitroamine into the isomeric nitroaniline are most easily carried 
out when they are based on colorimetric estimates of the amount 
of nitroaniline appearing in the changing system, a method, how- 
ever, which imposes severe limitations on the number of nitro- 
amines which can be studied. Experience has shown that only 
nitroamines with one vacant ortho-position can be used, and that 
no source of colour other than the migrating nitro-group should be 
present. 

The nitroamines derived from 2 : 4-dichloroaniline, 2 : 4-dibromo- 
aniline, and 3-bromo-p-toluidine have been used, but the last- 
mentioned has considerable advantages over the. others. The 
measurements of the rate of isomerisation show that at least one 
by-product is formed; a substance is always produced which is 
capable of coupling with a phenol to give an azo-compound. There 
are no indications that this by-product arises by reduction of the 
nitroamine by the acids or by the solvent. Purified acetic acid 
has no advantage over the commercial acid containing such im- 
purities as formic acid; the proportion of by-products to nitroaniline 
and the rate of transformation are not appreciably different in the 
two media. 

Under the conditions employed, with at least ten molecular 
proportions of the catalysing acid, nitroamine and by-product 
formation proceed as side reactions of the first order. No stoicheio- 
metrical relation exists between the relative amounts of nitro- 
aniline and by-products; the ratio varies with the concentration 
of the catalysing acid, the dilution of the acetic acid medium, and 
the nitroamine employed, but, in general, has the same value for 
different acids at equivalent concentrations. With sulphuric acid 
as catalyst, in 98% acetic acid, transformation of 3-bromo-p-toly/- 
nitroamine proceeds at about one half the rate of transformation 
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with hydrochloric acid of the same normality : the effect of benzene- 
sulphonic acid is intermediate. Dilution of the medium to 50% 
acetic acid causes a marked decrease in the velocity of the reaction. 
(See Table, where k = k, + k, +.... the sum of the velocity 
coefficients for the separate side reactions.) 


Transformation of 3-Bromo-p-tolylnitroamine. 
% Nitro- 
toluidine 
Medium. Acid as catalyst. in product. k. 
0-02N-Hydrochloric acid 69 0-0110 
0-1N- 4 “ 0-0634 
98% Acetic acid 0-02 -Sulphiric acid” "-30501 
0-02N-Benzenesulphonic acid 0-00788 
0-1N-Nitric acid | . . 90 very slow 
ong Aion {FAN Haar ec as Sa 
Transformation of 2 : 4-Dichlorophenylnitroamine in 98%, Acetic 
Acid. 
% Nitroaniline 
Acid as catalyst. in product. k. 
0-1N-Hydrochloric acid 56 0-00238 

The behaviour of nitric acid is abnormal. Although in 50% 
acetic acid nitric acid is a catalyst of approximately the same 
power as hydrochloric acid, in 98% acetic acid its action is very 
feeble, and by-product formation is almost absent. Some parallel 
to this is to be found in the anomalous catalytic behaviour of 
nitric acid in acetylation (Orton and Smith, J., 1908, 93, 1242; 
1909, 95, 1060), the hydrolysis of acetic anhydride (Orton and 
M. Jones, J., 1912, 101, 1708), and in the bromination of acetic 
anhydride (Orton, Watson, and Hughes, J., 1927, 2458). This 
result excludes the possibility of accounting for the transformation 
by a two-stage process, involving the production, by hydrolysis, of 
nitric acid, which then acts as the effective nitrating agent, unless 
the second stage, the nitration, is relatively very rapid. Direct 
experiment, however, shows that nitric acid (one mole/litre) in 50% 
acetic acid effects in several days no appreciable substitution in 
3-bromo-p-toluidine. 

As a whole the new experiments confirm in a satisfactory quantit- 
ative manner the results of the preliminary and less accurate work. 
The anion of the acid catalyst is not fundamentally concerned in 
the reaction, as it is in the isomeric change of the chloroamines, 
for which the presence of chloridion .is essential. The facts are in 
harmony with the view that in the transformation of the nitro- 
amines to nitroanilines an intramolecular process plays the import- 
ant part. Nevertheless, unequivocal evidence has recently been 

KK 
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obtained that in certain circumstances extranuclear migration of 
the nitro-group to a foreign aniline nucleus can take place. 


EXPERIMENTAL. 


Preparation of 3-Bromo-p-tolylnitroamine.—A solution of 6 g. 
of 3-bromo-p-toluidine in 15 c.c. of acetic acid was added during 
4 hour to an ice-cooled mixture of 15 c.c. of acetic acid, 9-3 c.c. of 
acetic anhydride, and 3-3 c.c. of nitric acid (colourless, d 1-50). 
After a further 15 minutes, the mixture was poured into 900 c.c. 
of water, and the oil extracted with chloroform. The nitroamine 
was removed from the chloroform extract with 4°% sodium carbon- 
ate solution, and separated from the more strongly acidic 3-bromo- 
5-nitro-p-tolylnitroamine, which is also formed, by the addition 
of three-quarters of the calculated quantity of N-hydrochloric acid. 
Yield, 5 g. of white crystals, m. p. 65° after fractional precipitation 
from sodium carbonate solution and crystallisation from ligroin (b. p. 
60—80°) (Found: Br, 34-6. C,H,O,N,Br requires Br, 34-6%). 

2 : 4-Dichlorophenylnitroamine and 2 : 4-dibromophenylnitroamine 
were prepared by the method of Orton (J., 1902, 81, 806; Ber., 
1907, 40, 370). The latter has m. p. 77° (Found: Br, 53:8. 
C,H,0,N,Br, requires Br, 54:0°%). 

The preceding nitroamines are highly sensitive to light; in 
aqueous or aqueous acetic acid solutions a yellow colour due to the 
isomeric nitroaniline develops rapidly. From the flat colourless 
crystals of the nitroamine when exposed to light (or to a dry, but 
acid, atmosphere in the dark), the yellow needles of the nitroaniline 
grow like a mould; occasionally one yellow needle will grow to a 
length of several centimetres, with its root in a colourless plate. 
Both the crystals and the solution may be preserved unchanged for 
long periods in the dark in the absence of traces of acid. 

Medium for Velocity Determination.—‘ 98°%, Acetic acid” and 
“50% acetic acid” respectively denote that the medium of acetic 
acid is so diluted by the addition of aqueous mineral acid that the 
total concentration of water per 100 c.c. of reaction mixture is 2 c.c. 
or 50 ¢.c. The hydrochloric, sulphuric, and nitric acids used were 
the ordinary reagents, the last being colourless but not specially 
treated to remove traces of nitrous acid. The solution of Kahl- 
baum’s benzenesulphonic acid gave a faint cloudiness with barium 
chloride solution. 

Velocity Measurements.—Since the solution of the nitroamine is 
colourless, and the nitroaniline is the only coloured product of the 
transformation, the velocity of transformation is readily determined 
by colorimetric estimation from time to time of the amount of 
nitroaniline formed. 
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For the calculation of the velocity coefficient k = k, + kp +....; 
the sum of the velocity coefficients for separate side reactions of 
the first order, the expression kt = log, a/{a — (1 + r)a} is used, 
where @ = initial concentration of the reactant, x = concentration 
of one resultant at time ¢, and r = the ratio of the concentration of 
the other resultants to the one resultant. If Wegscheider’s rule 
is satisfied, r= (a — x,,)/x,,, and the above expression reduces 
to kt = log, x,,/(x,, — x), where x,,= the concentration of the 
one resultant at t,. The constancy of the values for the velocity 
coefficients, shown below, calculated by this expression (the nitro- 
aniline being the resultant of which the concentration was measured) 
provides the foundation for the statement that the transformation 
of the nitroamines examined involves two or more side reactions of 
the first order. 

In some cases, notably in the transformation of 3-bromo-p-tolyl- 
nitroamine in 98% acetic acid with 0-02N-sulphurie acid, some 
slow secondary reaction results in the formation of a coloured 
substance other than the nitroaniline when the main transform- 
ation is practically complete; in others the concentration of the 
nitroaniline as measured colorimetrically reaches a maximum and 
then slowly falls to the extent of 2 or 3%. It is better in these 
cases to evaluate x,, by a small graphical extrapolation rather than 
by direct measurement after an “ infinitely long ” time. 

The following description of an actual experiment illustrates the 
method which, with appropriate modifications, was employed in 
carrying out the velocity measurements. 

Transformation of 3-Bromo-p-tolylnitroamine in 98% Acetic Acid 
with 0-02N-Hydrochloric Acid—To 25 c.c. of a solution of the 
nitroamine (0-008 g.-mole/litre) and a volume of water such that 
together with the water in the acetic acid and in the aqueous hydro- 
chloric acid to be added a total volume of 2 c.c. is present, con- 
tained in a 100 c.c. flask, sufficient acetic acid was added to make 
up the volume to about 99 c.c. When the solution had attained 
the temperature of the thermostat, 20° + 0-05°, 0-96 c.c. of 2-075N- 
hydrochloric acid was added, the contents of the flask were rapidly 
mixed by shaking, and the flask was replaced in the thermostat. 
At intervals, 10 c.c. portions were withdrawn and run into about 
80 c.c. of water in a 100 c.c. graduated flask, or at later stages of 
the reaction, into a mixture of 10 c.c. of acetic acid and about 
150 c.c. of water in a 200 c.c. flask, and made up to the mark with 
water, reaction being almost completely stopped by the cumulative 
eflect of the decrease in concentration of the catalysing acid and 
the reduction of the acetic acid concentration of the medium 
brought about by this ten- or twenty-fold dilution. The nitro- 
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aniline concentration in the diluted solution was estimated colori- 
metrically. 

The Colorimetric Estimation of 3-Bromo-5-nitro-p-tolwidine and 
2 : 4-Dichloro-6-nitroaniline.—This was carried out with a Leitz 
colorimeter (1928 model). Illumination by a 100-watt gas-filled 
lamp screened by two sheets of “ daylight” glass, 3 mm. thick, 
and one sheet of “cobalt ”’ glass, 2 mm. thick, gave a greyish- 
green colour much easier to match than the original yellow colour 
of the nitroaniline solutions. Preliminary trials showed that a 
column of solution of given height matches a column of half the 
height of a solution of double the concentration, and that variation 
from 5—15% of acetic acid or 0-0—0-01 mole/litre of mineral 
acid has no effect on the colour intensity. 

The standard procedure throughout these experiments was to 
dilute the reaction mixture so that 4—8 cm. was colorimetrically 
equivalent to 6—7 cm. of the standard solutions of 3-bromo-5- 
nitro-p-toluidine or 2 : 4-dichloro-6-nitroaniline in 10% acetic acid 
containing 0-00005 g.-mole/litre, and to take five independent 
readings at each of two different settings of the standard. A mean 
accuracy of + 1% was obtained. The maintenance of this standard 
of accuracy throughout a long series of measurements imposes a 
considerable strain on the observer’s eyes. 

Experimental Figures.—To illustrate the constancy of the velocity 
coefficients calculated by the expression it = log, x,/(x,, — 2), 
one typical example from each group of experiments is recorded 
below. The values of k given in the table above (p. 917) are mean 
values from several concordant experiments. The concentration 
of the nitroamine is 0-002 g.-mole/litre throughout, and the time is 
expressed in minutes. 


Transformation of 3-Bromo-p-tolylnitroamine in 98% Acetic Acid. 


0-02N-Hydrochloric acid. 0-1N-Hydrochlorie acid. 

Time. % Nitroaniline. & x 10°. Time. % Nitroaniline. k x 10°. 

29-8 19-3 11-0 5-48 21-5 63-7 

45-1 26-8 10-9 7-85 29-2 

60-2 33-5 11-0 10-35 35-8 

78-9 40-1 11-0 14-75 44-4 
104 47-1 11-0 18-88 51-2 

0 69-0 —- os) 73-0 

Mean 11-0 Mean 64:3 


0-02N-Sulphuric acid. 0-02N-Benzenesulphonic acid. 
65-9 19-2 4-95 42-0 19-5 7-91 
96-4 26-0 4-90 60-2 26-3 7-97 
131 33-0 4-97 84-8 33-6 7:87 
187 41-4 4-90 113 40-5 7-83 
253 49-4 4-97 145 46-9 7-85 

© 69-0 — re) 69-0 — 
Mean 4-94 Mean 7:89 
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Transformation of 3-Bromo-p-tolylnitroamine in 50°, Acetic Acid. 
N-Hydrochloric acid. N-Nitric acid. 

Time. %Nitroaniline. k x 10%. Time. % Nitroaniline. k x 10°. 
90-1 24-1 3-89 100-7 25-5 3°73 
120 30-2 3-86 141 33-2 3-71 
171 40-0 3°95 182 40-2 3°74 
226 47-7 3-90 241 48-1 3-70 
301 56-7 3°95 321 56-9 3°73 
r) 81-5 — re) 81-5 —_ 
Mean 3:91 Mean 3-72 


Transformation of 2 : 4-Dichlorophenylnitroamine in 98%, Acetic 
Acid. : 
0-1N-Hydrochloric acid. 

Time. % Nitroaniline. k x 10%. 
161 17-5 2°33 
222 23-0 2-38 
291 28-0 2-38 
383 33-9 2-43 
485 38-1 2-35 

oe) 56-0 —_ 
Mean 2-37 


» 


The authors are indebted to the Government Grant Committee 
of the Royal Society and to. Messrs. Imperial Chemical Industries 
Ltd. for grants which have partly defrayed the cost of this investig- 
ation. 
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CXXI.—Studies in the Sterol Group. Part III. The 
Acetylation and Catalytic Hydrogenation .of 
Ergosterol. 

By Istponk Morris Hemsron and WILFRED ARCHIBALD SEXTON. 


We suggested in a previous paper, on the evidence adduced from 
spectrographic results (J., 1928, 47), that two of the ethenoid linkings 
in ergosterol occupy the same position in the molecule as those in 
a-cholesterilene, and in a second contribution (ibid., p. 347) it was 
pointed out that one of the double bonds in the latter compound 
must be attached to carbon atom 1. In an attempt definitely to 
establish the existence in ergosterol of a double bond in this position, 
a study has now been made of its catalytic hydrogenation. 
Previous investigators on the hydrogenation of ergosterol have 
always employed the well-known acetyl derivative in their experi- 
ments. This choice does not seem to us altogether happy, because 
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the acetate is abnormal in that its melting point, values of which 
have been recorded between 172° and 180°, is higher than that of 
the free sterol, whereas in the case of cholesterol, sitosterol, and 
stigmasterol the melting points of the acetates are all lower. 

Hydrogenation of the free sterol both in ether at room temper. 
ature and in alcohol at 70° in the presence of palladium-black gives 
rise, when carried to completion, to the «-ergostenol of Reindel and 
Walter (Annalen, 1928, 460, 212). A study of the rate of addition 
of hydrogen in ethereal solution revealed a sharp break after the 
addition of two atoms, and by arresting the process at this stage it 
has been found possible to isolate in good yield the intermediate 
dihydroergosterol identical with that obtained by Windaus and 
Briinken (Annalen, 1928, 460, 225) by the reduction of ergosterol 
with sodium and alcohol. 

The employment of glacial acetic acid as solvent at a temperature 
of 70° resulted in the formation of the saturated allo-«-ergostanol 
acetate, identical with that obtained by Reindel and Walter (loc. cit.) 
by hydrogenation of 8-ergostenol acetate. Windaus and Linsert 
(Annalen, 1928, 465, 148) have also brought about the addition 
of six atoms of hydrogen to ergosterol in hot glacial acetic acid 
containing a little hydrochloric acid in the presence of platinum. 
black; these authors do not, however, state the nature of the 
product. 

That the complete saturation of ergosterol under our conditions 
is not prefaced by any shift of an ethenoid linking prior to hydro- 
genation has been demonstrated by experiments on the action of 
acetic acid upon the sterol in an inert atmosphere. These show 
that acetylation takes place, giving rise to a new acetate (m. p. 
132—133°) the absorption spectrum of which is identical with that 
of ergosterol and of the already well-known acetyl derivative. We 
consider that this product is the normal acetate of the sterol and 
consequently propose to designate it as ergosterol «-acetate ; the 
acetate prepared by the action of acetic anhydride will be referred 
to as ergosterol f-acetate. LErgosterol «-acetate yields ordinary 
ergosterol on hydrolysis with alcoholic potash, and hydrogenation 
in ethereal solution in the presence of palladium-black converts 
it into «-ergostenol acetate. The above evidence points to the 
isomerism between the two being stereochemical: this view is 
supported by the fact that the «-isomeride changes into the $-form 
either when heated above its melting point or when boiled with 
acetic anhydride. 

Of the three double bonds in ergosterol, the one which resists 
hydrogenation in ether or alcohol must be the one which is not 
present in cholesterilene, since no difficulty is experienced in fully 
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hydrogenating the latter substance in ether at room temperature. 
It follows, therefore, from the work of Windaus (Nach. Ges. Wiss. 
Gottingen, Jan., 1926) that in the hydrogenation of ergosterol it 
should be possible to obtain stereoisomeric forms of both ergostenol 
and ergostanol. Although only one ergostenol has so far ‘been 
observed as a direct product of hydrogenation, two ergostanols have 
been prepared, for hydrogenation of ergosterol in acetic acid gives 
rise, as pointed out above, to allo-«-ergostanol acetate and hydro- 
genation of ergosterol $-acetate in ethereal solution in the presence 
of Adams’s platinum oxide results in the formation of the isomeric 
a-ergostanol acetate (Reindel and Walter, loc. cit.), which these 
authors consider differs from its isomeride by asymmetry in the 
nucleus. 

The behaviour of ergosterol on hydrogenation is thus reminiscent 
of that of abietic acid, where the use of hot glacial acetic acid as 
solvent is necessary for complete saturation (compare Ruzicka and 
Meyer, Helv. Chim. Acta, 1922, 5, 315; Ruzicka and Pfeiffer, idid., 
1925, 8, 632; Madinaveita, Chem. Absir., 1923, 17, 288). The 
resistant double bond in this case joins two quaternary carbon 
atoms, and we venture tentatively to suggest by analogy that in 
ergosterol the third double bond may be similarly disposed. Such 
a position is to be found between carbon atoms 10 and 11 (see 
formula, where a suggested nuclear structure is shown). With 
regard to this possibility, attention must be directed to the recent 
work of Wieland and Vocke on the bile acids (Z. physiol. Chem., 
1928, 177, 68). These authors consider that their results indicate 
the presence of a methyl group attached to carbon 11 (see also 
Ann. Reports, 1928, 25, 162). In such a case the resistant double 
bond may be between carbon atom 10 and the side chain bearing 
carbon atom 19. 

12 17 


IP woll__is 


EXPERIMENTAL 


Hydrogenation of Ergosterol in Ether and in Alcohol.—Ergosterol 
(1 g.) was dissolved in dry ether (150 c.c.) and hydrogenated at a 
pressure slightly greater than atmospheric in the presence of 
palladium-black (1 g.). The solution was filtered from the 
catalyst and, after addition of about one-third of its volume 
of methyl alcohol, left in a covered beaker to crystallise. The 
first crop (0-5 g.) consisted of flat needles, m. p. 128—130°. Re- 
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crystallisation from ether-methyl alcohol gave a product, m. p. 
130—131°, the value recorded in the literature for «-ergostenol. 
The second crop (0-2 g.), third crop (0-1 g.), and fourth crop (0-1 g.) 
all consisted of less pure forms of the same substance. 

Ergosterol (2 g.) was dissolved in absolute alcohol (150 c.c.) 
at 70° and hydrogenated for 5 hours in the presence of palladium. 
black. The filtered solution was concentrated and allowed to 
erystallise. The first crop (0-5 g.) melted at 122—126°, the second 
(0-5 g.) at 125—127°, and the third (0-2 g.) at 116—124°. (The 
loss of material is attributed to its absorption by the palladium.) 
The three crops were combined and recrystallised from ether- 
methyl alcohol, giving flat needles, m. p. 130—131°, showing no 
depression in admixture with the «-ergostenol prepared by hydro- 
genation in ethereal solution. 

Dihydroergostere].—Ergosterol (5 g.) was dissolved in ether 
(400 c.c.) and hydrogenated in the presence of palladium-black 
(2 g.) until 350 ¢c.c. of hydrogen were absorbed (calc. for one double 
bond, 295 c.c.). Excess of hydrogen was purposely used, as the 
separation of traces of ergosterol from dihydroergosterol is a tedious 
process, whereas «-ergostenol may be removed from dihydro- 
ergosterol by crystallisation with comparative ease. The product 
was fractionally crystallised from ether—-methyl aicohol and the 
first two crops were combined (3-2 g.) and repeatedly crystallised 
from alcohol. Dihydroergosterol was thus obtained in _ plates, 
m. p. 173°, [a], —21-7° (c = 1-248 in chloroform). The acetate, 
prepared by the action of acetic anhydride, melted at 180° [Windaus 
and Briinken (loc. cit.) give for dihydroergosterol m. p. 173—174’, 
[«]» —19°, and for the acetate m. p. 180—181°]. The third and 
fourth crops (1-5 g.) consisted of «-ergostenol. 

allo-«-Ergostanol Acetate-—Ergosterol (1 g.) was dissolved in 
glacial acetic acid (120 c.c.), and the solution hydrogenated at 70° 
in presence of palladium-black (1 g.) for 8 hours. The resulting 
colourless solution was decanted from the catalyst, diluted with 
water, and extracted with ether. The ethereal extract, after 
being washed with dilute alkali solution and with water, was mixed 
with methyl alcohol (4 vol.) and kept in a covered beaker, crops 
of crystals being removed from time to time. The first crop (0-4 g.) 
consisted of flat needles, m. p. 120—129°. Recrystallisation from 
ether—methy] alcohol gave a constant m. p. of 144—145° (Reindel 
and Walter, loc. cit., give 145°) [Found : (micro) C, 81-0; H, 11-8. 
Calc. for C.gH;,0, : C, 80-9; H, 11-6%]. 

allo-«-Ergostanol.—The acetate (1 g.) was refluxed for 1 hour 
with 10% alcoholic potash (100 c.c.): crystalline plates separated 
on cooling. Repeated crystallisation from ether—-methyl alcohol 
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gave am. p. of 144° (Reindel and Walter, loc. cit., give 144—145°). 
The substance was dried at 100° [Found: (micro) C, 80-3; H, 
12:5; H,O, 3-8. Calc. for C,,H,,0,H,0: C, 80-2; H, 12-4; H,O, 
44%. Reindel, Walter, and Rauch (Annalen, 1927, 452, 34) 
found “ about ” 1 H,O}. 

Ergosterol «-Acetate.—A solution of ergosterol (2 g.) and anhydrous 
potassium acetate (5 g.) in glacial acetic acid (200 c.c.) was main- 
tained at 100° for 5—6 hours, a stream of carbon dioxide being 
passed through the flask to minimise any loss by atmospheric 
oxidation. The erystals which separated on cooling (1-0 g.) con- 
tained a considerable amount of unchanged sterol. The filtrate 
was poured into water, and the product extracted with ether. The 
washed and dried extract was evaporated, and the residue purified 
by repeated crystallisation from absolute alcohol. The «-acetate 
formed small leaves, m. p. 132—133° [Found : (micro) C, 81-8; H, 
10-8. CygH,,0, requires C, 82-1; H, 10-4%]. 

A further quantity of the acetate was recovered by fractional 
crystallisation of the first crop from alcohol-ether, the acetyl 
derivative being found in the more soluble portion. The acetyl- 
ation can also be carried out in the absence of potassium acetate ; 
nevertheless the presence of this substance is desirable. In some 
cases a product, m. p. 133°, was obtained which was shown by 
analysis to contain unchanged ergosterol. This is probably a 
eutectic mixture of the sterol and the acetyl derivative. 

Conversion of Ergosterol «-Acetate into the $-Isomeride.—Ergo- 
sterol «-acetate (1 g.) was heated under reflux for 1 hour with acetic 
anhydride (4 c.c.), and the product treated with alcohol to destroy 
the excess of the anhydride. On recrystallisation of the resulting 
compound from absolute alcohol, the characteristic leaves of ergo- 
sterol B-acetate (m. p. 172—174°) separated. The conversion was 
also brought about by maintaining the molten compound for } hour 
at 170—180° and repeatedly recrystallising the product from absolute 
alcohol. 

Hydrogenation of Ergosterol «-Acetate—The acetate (1-2 g.) was 
dissolved in ether (100 c.c.) and hydrogenated in the presence of 
palladium-black until absorption of hydrogen ceased. The volume 
absorbed was 135c.c. (N.T.P.) (Calc. for 2 mols. of hydrogen, 127 c.c.). 
The product after repeated crystallisation from ether—methy] 
alcohol had m. p. 109—110° and gave no depression in admixture 
with a-ergostenol acetate prepared by acetylation of the free 
alcohol. . 

Hydrolysis of Ergosterol «-Acetate—The acetate (1:5 g.) was 
refluxed for an hour with 5% alcoholic potash (100 c.c.), and the 
solution allowed to cool. The crystals obtained melted after 

KK2 
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recrystallisation at 160° and gave no depression in admixture with 
ergosterol. 


We desire to express our thanks to Mr. F. 8. Spring, B.Sc., for 
his help in a portion of the experimental work. 


THE University, LIVERPOOL. [Received, March 9th, 1929.] 





CXXII.—Studies in the Sterol Group. Part IV. 
The Existence of Isomeric Ergosterols. 


By Istpor Morris HEILBRON, WILFRED ARCHIBALD SEXTON, 
and Frank Stuart SPRING. 


Ir was shown by Heilbron and Sexton (preceding paper) that the 
hydrogenation of yeast ergosterol in ethereal solution in the presence 
of palladium leads to the formation of the tetrahydro-derivative, 
a-ergostenol. The ergosterol employed in those experiments was 
prepared by Béhringer und Séhne of Hamburg. In a continuation 
of that work, a yeast ergosterol supplied by Messrs. Boot (Boot’s 
A) was used, but to our surprise, working under identical conditions, 
we failed to obtain «-ergostenol, the reaction ceasing after the 
addition of approximately two atoms of hydrogen (compare Curves I 
and IT). 

The first explanation which suggested itself to us was the presence 
of a catalyst poison in Boot’s ergosterol. In order to. test this, 
Boot’s ergosterol was hydrogenated in ethereal solution until 
addition of hydrogen had ceased. The same catalyst was then 
employed with success in the hydrogenation of fresh Béhringer 
ergosterol, «-ergostenol being readily obtained with no diminution 
of the rate of absorption of hydrogen. 

The homogeneity of the two sterols was demonstrated by frac- 
tionally crystallising each of them three times under identical 
conditions from the alcohol-benzene solvent recommended by 
- Bills and Honeywell (J. Biol. Chem., 1928, 80, 15). The last two 
erystallisations effected no alteration of specific rotation, the melt- 
ing points of the two sterols were identical at each stage, and no 
depression was noted in mixtures of them. The pure Boot’s 
ergosterol had [a]2, —171°, and the Bohringer product [«]z, 
—159-3°. The absorption spectra of the two sterols showed the 
same characteristic absorption bands in the ultra-violet region. 
The extinction coefficients were, however, slightly different, the 
ratio being of the order 1-2 (Béhringer product) : 1-0 (Boot’s sterol). 
As the ergosterol showing the higher extinction coefficient has the 


Hadroaen ahaorhbed (c.c. at N.T'.P.). 
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lower specific rotation, it follows that, if Boot’s ergosterol contains 
a non-absorbing impurity, this must have an exceptionally high 
levorotation: the sterol commonly associated with ergosterol 
(zymosterol), however, is actually dextrorotatory (Smedley- 
Maclean, Biochem. J., 1928, 22, 22). 

Hydrogenation of the purified Bohringer sterol gave «-ergostenol 
in the normal manner (Curve I), whereas the hydrogenation of the 
purified Boot’s sterol proceeded in the same manner as that of the 
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I. Béhringer’s ergosterol (1-5g.) with 1g. of catalyst. 
Il. Boot’s A ergosterol (1°5g.) with 1g. of catalyst and subsequent addition of 
1g. of catalyst. 
Ill. Béhringer’s ergosterol acetate with 1g. of catalyst. 
IV. Boot’s A ergosterol acetate with 1g. of catalyst. 
V. Boot’s A ergosterol acetate with 2g. of catalyst. 
VI. Boot’s B ergosterol with 29. of catalyst. 


crude material: The more soluble portion of each preparation, 
obtained by evaporation of the filtrate from the first crystallisation, 
behaved in the same way on hydrogenation as the less soluble 
| fraction. The quantity of hydrogen absorbed by Boot’s ergosterol 
was slightly less than the volume required for complete saturation 
of one ethenoid linking. Attempts were made, however, to ascertain 
whether, as found in the case of Béhringer’s sterol (Heilbron and 
Sexton, Joc. cit.), pure dihydroergosterol could be isolated from the 
product; but these were unsuccessful, as ergosterol was still present. 
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On the other hand, we were invariably able to complete the hydro- 
genation to tetrahydroergosterol by the addition of more catalyst 
at this stage, but, as shown in Curve II, the reaction was very slow. 
An examination of the product obtained under these conditions 
revealed a marked difference, for whereas Béhringer’s ergosterol 
gave rise solely to «-ergostenol, the tetrahydro-derivative from 
Boot’s sterol was separable into «- and §-ergostenols. The iso. 
lation of the $-isomeride in this way is at first sight curious, as 
Reindel and Walter (Annalen, 1927, 460, 212) have shown that 
8-ergostenol acetate is hydrogenated without difficulty in the 
presence of platinum to the saturated allo-«-ergostanol acetate. 
Experiments carried out by us, however, on free 6-ergostenol with 
a palladium catalyst showed that the reaction was difficult to carry 
to completion. 

A series of experiments was also carried out with twice the 
initial amount of catalyst, in order to see whether four atoms of 
hydrogen could be directly added to Boot’s ergosterol. Unfortun- 
ately, a fresh supply of the sterol (Boot’s B) was used which, after 
purification as already described, had a specific rotation [«]%,, 
—161-2°. Four atoms of hydrogen were absorbed with no marked 
break at the dihydro-stage (Curve VI). It was sometimes difficult 
to free the product entirely from dihydroergosterol, and although 
a-ergostenol was readily isolated, we failed to obtain evidence of 
the formation of the 8-isomeride. 

The two sterols, Béhringer’s and Boot’s A, were each converted 
into the $-acetates (Heilbron and Sexton, loc. cit.) by means of 
acetic anhydride. Although the two acetates had identical melting 
points and specific rotations, Curve IV shows that the difficulty 
of hydrogenating Boot’s sterol persists after acetylation. Both in 
this case and also when a large initial excess of catalyst was used 
(Curve V) we failed to detect 6-ergostenol acetate, the «-isomeride 
alone being isolated. It may well be, however, that §-ergostenol 
acetate was formed in small quantity, but could not be separated 
from the «-compound. Hydrolysis of Boot’s A acetate with 
alcoholic potash gave a sterol which after purification had a specific 
rotation [«]#,, —160°, the value for the Bohringer product. On 
hydrogenation this hydrolysed material behaved precisely as the 
original Bohringer ergosterol, the velocity break appearing at the 
dihydro-stage and «-ergostenol being the sole product. It is thus 
possible by acetylation and hydrolysis to convert Boot’s ergosterol 
into an ergosterol the behaviour of which on hydrogenation is in 
harmony with the recorded result of previous workers, and the 
failure of previous investigators to observe the results described 
above may be due to their having subjected the ergosterol to a 
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purification process involving acetylation and hydrolysis (compare 
Reindel and Walter, loc. cit.). 

The melting point of ergosterol $-acetate recorded by various 
investigators shows considerable discrepancies, e.g., 170—172° by 
Reindel and Walter (loc. cit.) and 180° by Bills and Honeywell 
(loc. cit.). We have found that the melting point is dependent on 
the duration of the treatment with acetic anhydride: the longer 
the treatment, the lower is the m. p. and the higher the specific 
rotation. Heilbron, Morton, and Sexton (J., 1928, 37) have directed 
attention to the susceptibility of the sterol nucleus to racemisation, 
and we regard it as probable that under the rather violent conditions 
of its preparation ergosterol 6-acetate undergoes partial racemisation, 
giving rise to the observed difference in physical constants. 

All the ergosterols so far examined are converted on irradiation 
into vitamin-D. 

EXPERIMENTAL. 


Fractionation of Béhringer’s and of Boot’s A Ergosterols —Kach 
sterol (25 g.) was dissolved in 500 c.c. of a boiling mixture of 
industrial alcohol (2 parts) and benzene (1 part), and the filtered 
solution kept over-night; the ergosterol had then crystallised in 
glistening flat needles. These were removed and the filtrate was 
concentrated to half its bulk to obtain a second crop. The first 
crop was recrystallised twice from the same proportion of solvent 
and the m. p. and the specific rotation of the products were deter- 
mined at each stage. These are shown, together with the weights 
of the crops, in the table. 

Boot’s A. Bohringer. 

gee = Ser ae SO ie 

Fraction. Wt. (g.). M.p. [a]suet « M. p. [a]siet « 
158—159° —155° 158—159° —145-3° 

160—161 -—171:2 160—161 —159-2 

‘2 160-5—161-5 —171-0 160-5—161-5 —159-2 

ard, ; 161—162 —1710 161—162 —159-3 

2nd crop from fil- 


trate of 1st crystal- 
lisation 5: 157—159 —150-0 158—159 —134°5 


Catalytic Hydrogenation—The hydrogenations were all carried 
out in presence of palladium-black prepared by a modification of 
Seng’s method (Diss., Gottingen, 1918), for which we are indebted 
to Mr. W. Doran, M.Sc. 

Palladous chloride (1 g.) was digested with water (1000 c.c.) on 
a steam-bath for 1 hour with continual stirring. Formic acid 
(2 c.c. of 80%) was then added to the hot solution, followed after 
5 minutes by a solution of potassium hydroxide (50 c.c. of 10%). 
The liquid was kept on the steam-bath with continual stirring for 
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2 hours and the precipitated’ palladium was then filtered off, 
thoroughly washed with hot water, and dried over calcium chloride 
in a desiccator. 

Hydrogenation of Béhringer’s Ergosterol—The sterol (1-5 g.) was 
dissolved in ether (250 c.c.) and hydrogenated in the presence 
of the catalyst (1 g.), conversion into the tetrahydro-derivative 
being effected in 14—2 hours. The product (m. p. 126°), after 
twice crystallising from ether—methyl alcohol, had m. p. 130— 
131° and [a], +18-0° (c = 1-104 in chloroform). The rate of 
addition of hydrogen is indicated in Curve I, where the velocity 
break at the dihydro-stage is evident. 

Hydrogenation of Boot’s A Ergosterol—Under precisely the same 
conditions as those described above, the absorption of hydrogen 
had almost ceased after 80 minutes (Curve IT) (Found : H, absorbed, 
65 c.c. Calc. for one double bond, 88 c.c.). At this stage fresh 
catalyst was added (1 g.); the absorption of hydrogen was then 
resumed and continued slowly until the tetrahydro-stage was 
reached. The filtered solution was concentrated to half its bulk, 
treated with a little methyl alcohol, and kept in a covered beaker. 
The first crop (0-5 g.) melted at 114° and on further crystallisation 
the m. p. could not be raised above 114—116°. On treatment with 
acetic anhydride, it gave 8-ergostenol acetate which, alone or mixed 
with £-ergostenol acetate prepared by Reindel, Walter, and Rauch’s 
method (Annalen,.1927, 452, 34), melted at 94—96°. The second 
crop (0-8 g.) melted at 126°, and at 130—131° after several recrystal- 
lisations from ether—methyl alcohol. It then had [a]¥;, +19° 
(c = 1-104 in chloroform) and showed no depression of m. p. when 
mixed with «-ergostenol prepared from Béhringer’s ergosterol. 

Acetylation of the Ergosterols with Acetic Anhydride.—Boot’s A 
sterol (1 g.) was heated at 135—145° with acetic anhydride for vari- 
ous times, and the product recrystallised from ether—acetone (1 : 3). 
The physical constants were as follows : 


30 90 
—109-0° —115-6° —119-3° 
b-) 08 ebppdddosuconch dabsccquedemncnsesdeeseadnenons 176—177° 172—174° 171—173° 


A purified sample of Béhringer’s ergosterol, after being treated 
for 30 minutes, gave exactly the same m. p. and specific rotation 
as Boot’s isomeride. 

Hydrogenation of the §-Acetates—The same quantities were 
employed as in the case of the free sterols. Curve III represents 
the addition of hydrogen to the Bohringer acetate, and Curves IV 
and V show the rate of hydrogenation of the Boot acetate. The 
product in each case consisted entirely of «-ergostenol acetate, 
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which after two crystallisations from ether—-methyl alcohol had 
m. p. 109—110° and [«]3;, +6-3° (c = 1-74 in chloroform). 
| Hydrolysis of Ergosterol .8-Acetate——Boot’s. ergosterol f-acetate 
(m. p. 172—174°) (5.g.) was refluxed with 5% alcoholic potash (100 
cc.) for 1 hour. The product which separated on cooling was 
recrystallised from alcohol—benzene; it then had m. p. 161—162° 
and [«]Z —160-0° (c = 1:194 in chloroform). Hydrogenation of 
this ergosterol (1-5 g.) in the presence of palladium-black (2:g.) was 
complete in about 1 hour. After two recrystallisations of the crude 
product from ether—methyl alcohol, pure «-ergostenol, m. p. 130-— 
131°, [«}%, +19° (c = 1-74 in chloroform), was obtained. 
Hydrogenation. of $-Ergostenol.—$-Ergostenol .(0-5 g.), prepared 
by Reindel, Walter, and Rauch’s method (loc. cit.), was hydrogenated 
in the presence of palladium-black (2 g.) until absorption of hydrogen 
ceased (21 c.c.) (Cale. for one double bond : 29 c.c.). The product 
when tested by the Liebermann—Burchard reaction gave a strong 
colour indicating the presence of unsaturated material. 
Hydrogenation of Boot’s B Ergosterol.—The sterol (1-5 g.), which 
had [a}2, —161-2°. (¢c = 2-1 in chloroform), was hydrogenated in 
the presence of palladium (2 g.), absorption of 4 atoms being complete 
in 14 hours (Curve VI). The product was fractionally crystallised 
from ether-methyl alcohol in the usual manner. The first four 


crops (1-2 g.) consisted of impure «-ergostenol (m. p: 124—126°). 
One crystallisation of the combined crops from ether—methy] alcohol 
gave a substance having m. p. 129—131° and showing no depression 
in m. p. when mixed with an authentic specimen of «-ergostenol. 


Tae University, LIVERPOOL. [Received, March 28th, 1929.] 





CXXTIT.—The Intermolecular Condensation of Styryl 
Ketones. Part III. Further Examples of . the 
Ready Formation of Bis-(Styryl Ketones). 

By Istpor Morris Her~Bron and Francis Irvine. 


Ix a previous communication (Heilbron and Irving, J., 1928, 
2323), an account was given of the formation of bis-(styryl nonyl 
ketones). We have now investigated the interaction of benzalde- 
hyde with methyl n-propyl ketone and higher homologues up to 
methyl n-octyl ketone and find that in all cases both the simple 
styryl ketone and its dimeride can be obtained. In the branched- 
chain series, only four ketones. have been examined and of these 
methyl isobutyl and methyl isohexyl ketones yield dimerides, but 
methyl isopropyl ketone and pinacolin fail to do so. Some of the 
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dimerides have been obtained by previous workers without, how- 
ever, their identity having been recognised. For instance, bis. 
(styryl n-propyl ketone) was actually prepared by Vorlander (Ber., 
1897, 30, 2267), but was regarded by him as a complex triketone; 
other similar examples are dealt with in the experimental portion. 

The styryl ketones are readily distinguished from their bis-forms 
by the very wide difference in melting point which exists between 
them and also by the fact that, whereas the former separate in well- 
defined crystals, the dimerides usually form masses of felted needles 
(cotton-wool appearance). These points are well exemplified in 
the case of methyl n-hexyl ketone, where the simple styryl deriv. 
ative crystallises in definite plates, m. p. 32—33°, and the dimeride 
forms clusters of hair-like needles, m. p. 152°. Similarly, 4-methoxy- 
styryl hexyl ketone has m. p. 55°, whereas the dimeride melts at 
145—146°. 

Among the straight-chain dimerides, a certain regularity in 
melting point is apparent, increase in the length of the carbon chain 
by a methylene group causing a lowering of m. p. of approximately 
13°. In the cases so far examined, the branched chain dimerides 
have higher m. p.’s than the corresponding straight-chain isomerides. 

In connexion with the above melting points an investigation by 
Rupe and Wild (Annalen, 1916, 414, 111) comes under review. 
These authors prepared the active and the inactive forms of amyl- 
acetone (c-methylheptan-f-one, CH,*CO-CH,°CH,*CHMe-CH,’CH,) 
and condensed them with benzaldehyde and with anisaldehyde. 
The styryl y-methylamyl ketones were obtained as colourless, felted 
needles, m. p. 139° (active) and 173° (inactive). On the other hand, 
4-methoxystyryl y-methylamyl ketone (active) is described as 
forming large, pearly scales, m. p. 55°. There can be little doubt 
from these descriptions that, whereas the two former compounds 
are actually dimerides and thus wrongly designated, the latter is 
correctly named. In support of this contention it is of interest 
to note that Rupe and Wild unexpectedly obtained a higher rotation 
value for the compound of m. p. 139° (a” +10-77°) than for that 
of m. p. 55° («%” +8-62°), and mention that the anomaly “ bedarf 
noch weiterer Untersuchung”; in view, however, of the facts now 
pointed out, the explanation is self-evident. 

As regards the formation of the bis-compounds, we have found 
that (a) the higher members of the series are the more easily pro- 
duced and (6) a substituted aldehyde gives rise to a dimeride less 
readily than benzaldehyde itself. Further, as already mentioned, 
dimerides are only formed from branched-chain ketones when at 
least one methylene group separates the branch radical from the 
carbonyl group—a fact which points to steric hindrance, especially 
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on the basis cf the dimerides being cyclobutane derivatives (compare 
Heilbron and Irving, Joc. cit.). In no case has the formation of a 
cyclohexenone derivative, such as was obtained from 3 : 4-dimethoxy- 
styryl methyl ketone (Dickinson, Heilbron, and Irving, J., 1927, 
1888), been observed, and it may be concluded that this only occurs 
when the styryl ketone has a terminal methyl radical. 

The solvent appears to be one of the main factors determining 
the formation of the mono- or the bis-form during the condensation. 
In aqueous alcohol (60—70%), the styryl ketone itself is formed, 
probably owing to its ready separation and consequent removal 
from the action of the alkali; but when absolute alcohol is employed, 
the dimeride is produced even under the same conditions of alkali 
concentration. 

The dimerides of the higher members of the series may prove 
useful in the identification of the ketones, since they are very easily 
prepared and have high melting points. 


EXPERIMENTAL. 


Styryl n-propyl ketone has been prepared by Harries and Brom- 
berger (Ber., 1902, 35, 3088), and is a liquid at the ordinary 
temperature. 

Bis-(Styryl n-Propyl Ketone).—A solution of benzaldehyde (21 g.) 
and methyl n-propyl ketone (17 g.) in absolute alcohol (100 c.c.) 
was treated with 10% sodium hydroxide solution (15 c.c.) and kept 
at room temperature for 2 days; crystals then began to separate. 
After 4 days, these were recrystallised from alcohol-ethyl acetate, 
small, colourless, glistening needles being obtained, m. p. 194— 
195° (Vorlander, loc. cit., gives 197°). The compound dissolved 
in concentrated sulphuric acid to a yellow solution, and failed 
to decolorise a solution of bromine in chloroform [Found : C, 82-9, 

2-8; H, 8-2, 8-2; M (Menzies), 350, 347. C,,H,,0, requires C, 
82:8; H, 8-1%; IM, 348}. 

Styryl n-butyl ketone (m. p. 38—39°) has been prepared by 
Auwers and Voss (Ber., 1909, 42, 4421) by condensing benzaldehyde 
with methyl n-butyl ketone in presence of alkali and has also been 
obtained by an indirect method by Mayer (Bull. Soc. chim., 1905, 
33, 397). 

Bis-(Styryl n-Butyl Ketone).—A solution of methyl n-butyl ketone 
(12 g.) and benzaldehyde (12-5 g.) in absolute alcohol (90 c.c.) was 
treated with 30% sodium hydroxide solution (8 c.c.) at room temper- 
ature, crystals beginning to separate after 12 hours. The product, 
after 4 days’ standing, crystallised from ethyl acetate in fine, colour- 
less needles, m. p. 175—176° (Found: C, 83-0; H, 8-7; M, 383. 
C,gH.0, requires C, 83-0; H, 8-7%; M, 376). 
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Bis-(Styryl isoButyl Ketone).—Gheorghiu and Arwentiew (J. pr. 
Chem., 1928, 118, 295), on condensing benzaldehyde with. methy]| 
isobutyl ketone in presence of alkali, obtained the liquid styry| 
isobutyl ketone, together with a small amount of a product, m. p. 
197°, which they regarded as an isomeride or a polymeride. We 
find this compound to be dimeric styryl isobutyl ketone and have 
obtained it both by the method of these authors and also by the 
following processes: (1) A solution of benzaldehyde (25 g.) and 
methyl isobutyl ketone (24 g.) in absolute alcohol (170. c.c.) was 
treated with 25% sodium hydroxide solution (15 ¢.c.) and kept 
at room temperature for 7 days. The product, after being washed 
with alcohol, crystallised from alcohol-ethy! acetate in colourless 
needles, m. p. 202° (yield, 6-5 g.). (2) A solution of styryl isobutyl 
ketone (5 g.) in absolute alcohol (40 ¢.c.) was treated with 25°, 
sodium hydroxide solution (10 c.c.) and kept at room temperature 
for 7 days, crystals of the dimeride slowly separating (yield, 0-8 g.). 
The compound gives a slightly yellow solution in concentrated 
sulphuric acid and fails to decolorise a solution of bromine in 
chloroform (Found : C, 83-1; H, 8-7; M,379. C,,.H,,0, requires C, 
83-0; H, 85%; M, 376). 

Bis-(4-isoPropylstyryl isoButyl Ketone).—A solution of cuminal 
(4-5 g.) and methyl isobutyl ketone (3 g.) in alcohol (20:c.c.) was 
first treated with 15% sodium hydroxide solution (2 c.c.) and then, 
after 1 day, with 30% sodium hydroxide solution (1 c.c.). The whole 
was left for 8 days, and the product then crystallised from alcohol- 
ethyl acetate. The same product was obtained by allowing the 
same quantities of aldehyde and ketone, dissolved in alcoholic 
potassium hydroxide (22 c.c. of 4%), to remain at room temperature 
for 4 weeks. Bis-(4-isopropyl isobutyl ketone) forms colourless, 
glistening, hair-like needles, m. p. 192—194° (Found : C, 83-2; H, 
9-6; M, 473. C,.H,,0, requires C, 83-5; H, 9-6%; M, 460). 

Unsuccessful attempts were made to obtain dimerides by the 
condensation of methyl isobutyl ketone with piperonal, veratr- 
aldehyde, and p-chlorobenzaldehyde. 

Styryl n-hexyl ketone (m. p. 34°) has been described by Mayer 
(loc. cit.; Bull. Soc. chim., 1916, 19, 431), who obtained it by allowing 
methyl n-hexyl ketone to react with benzylideneaniline and decom- 
posing the product with sulphuric or acetic acid. We have now 
prepared the ketone by direct alkali condensation in the following 
manner: Benzaldehyde (2 g.) and methyl n-hexyl ketone (2-2 g.) 
were dissolved in 60 c.c. of 70% alcohol containing 0-3 g. of potassium 
hydroxide. After standing at room temperature for 2 days, the 
pale yellow solution was slightly diluted; a pale yellow oil, which 
solidified on freezing, then separated. Recrystallisation from 
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methyl alcohol in a freezing mixture gave faintly yellow plates, 
m. p. 32+-33°. | 

Bis-(Styryl n-Hexyl Ketone).—A solution of benzaldehyde (2 g.) 
and methyl n-hexyl ketone (2-2 g.) in absolute alcohol (10 c.c.) was 
mixed with sodium hydroxide (1 c.c. of 30%) and kept over-night 
at room temperature. The separated product was washed with 
alcohol and repeatedly crystallised from alcohol-ethyl acetate. 
The dimeride separated in fine matted needles, m. p. 152° (Found : 
C, 83:3; H, 9:5; M, 442. C,,H,,O, requires C, 83:3; H, 9-3% ; 
MU, 432). 

4-Methoxystyryl n-Hexyl Ketone—A solution of anisaldehyde 
(2 g.) and methyl »-hexyl ketone (2 g.) in alcohol (12 ¢.c.) was treated 
with sodium hydroxide (8 c.c. of 1%) and kept at room temperature 
for a few hours; a yellow oil, which solidified on cooling in the ice- 
chest, then separated. The pure ketone separated from methyl 
alcohol in colourless plates (pearly scales from aqueous methyl 
alcohol), m. p. 55° (Found: C, 77-9; H, 9-1. .C,gH, 0, requires 
C, 78-0; H,8-9%). 

Bis-(4-Methoaxystyryl n-Hexyl Ketone)—The same quantities of 
anisaldehyde and methyl n-hexyl ketone as were used in the previous 
experiment were dissolved in 3% alcoholic potassium hydroxide, and 
the solution heated under reflux for 4 hours. The product crystal- 
lised from alcohol in fine, colourless, felted needles, m. p. 145—146°. 
Attempts to form this dimeride by working at the ordinary temper- 
ature were unsuccessful (Found : C, 77-9; H, 9-0; M, 512. C,.H4,O, 
requires C, 78-0; H, 8-9%; M, 492). 

Bis-(Styryl isoHexyl Ketone).—A solution of benzaldehyde (5 g.) 
and methyl zsohexyl ketone (5-5 g.) in absolute alcohol (25 c.c.) was 
kept for 12 hours at room temperature in presence of sodium 
hydroxide (2-5 ¢.c. of 30%). The separated product crystallised 
from alcohol-ethyl acetate in fine, colourless, matted needles, 
m. p. 177° (Found: C, 83-4; H, 9-5; M, 436. C,)H,,0, requires 
C, 83-3; H, 93%; M, 432). 

Styryl n-heptyl ketone (m. p. 52°) has been prepared by Mayer 
(loc. cit.) by the indirect method to which reference has already been 
made. It can, however, be obtained with ease by direct alkali 
condensation in the following manner: Benzaldehyde (2 g.) and 
methyl n-heptyl ketone (2-7 g.) were dissolved in 75% alcohol 
(60 ¢.c.) containing 0-3 g. of potassium hydroxide. The product 
commenced to separate in a few hours, and after 2 days colourless 
leaflets of the pure ketone (m. p. 51—52°) were obtained (yield, 3 g.) ; 
the filtrate slowly deposited a small quantity of the dimeride 
described below. 

Bis-(Styryl n-Heptyl Ketone).—A solution of benzaldehyde (4 g.) 
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and methyl n-heptyl ketone (5-6 g.) in absolute alcohol (20 c.c.) was 
treated with 30% sodium hydroxide solution (0-8 c.c.) and kept 
at room temperature for 5 days. After repeated crystallisation 
from absolute alcohol, the dimeride was obtained in fine, matted, 
colourless needles, m. p. 144° (Found: C, 83-5; H, 9-5; M, 466. 
C32H 4,0, requires C, 83-5; H, 9-6%; M, 460). 

 Styryl n-Octyl Ketone —Benzaldehyde (2 g.) and methyl n-octy| 
ketone (3 g.) were dissolved in alcohol (60 c.c. of 75%) containing 
0-2 g. of potassium hydroxide, and the solution kept at room temper- 
ature for 2 days. The product was recrystallised from methyl 
alcohol in a freezing mixture, the pure ketone separating in pale 
yellow leaflets, m. p. 38—39° (Found : C, 83-8; H, 10-0. C,,H,,0 
requires C, 83-6; H, 9-8%). 

Bis-(Styryl n-Octyl Ketone).—A solution of benzaldehyde (4-1 g.) 
and methyl octyl ketone (6 g.) in absolute alcohol (20 c.c.) was 
treated with sodium hydroxide solution (0-2 c.c. of 30%), clusters 
of fine needles gradually separating. After 4 days the product 
was collected and recrystallised from absolute alcohol, a felted 
mass of very fine, colourless needles being obtained, m. p. 131-5° 
(yield, 0-9 g. of pure substance) (Found : C, 83-7; H, 9-7; M, 487. 
C;,H,,0, requires C, 83-6; H, 9-8%; M, 488). 


THE UNIVERSITY, LIVERPOOL. [Received, March 9th, 1929.] 





CXXIV.—Styrylpyrylium Salis. Part XI. The Deter- 
mination of the Reactive Growp in Ketones of the 
Type CH,CO-CH,R by Means of the Benzo-f- 
naphthaspiropyran Colour Change. 


By Istpor Morris HEILBRON and Francis IRVING. 


It is generally accepted that in aldehyde—ketone condensations in 
which the ketone contains both a methyl and a methylene group the 
former or the latter is reactive according as an alkali or an acid is 
used as the condensing agent (compare Goldschmiedt and Kndépfer, 
Monatsh., 1897, 18, 437; 1898, 19, 406; Harries and Miiller, Ber., 
1902, 35, 966; Harries and Bromberger, ibid., p. 3088; Auwers, 
Ber., 1912, 45, 2764). For instance, from salicylaldehyde and a 
ketone of the type CH,-CO-CH,R alkali condensation would produce 
(IL), from which (IV) is obtained by the action of hydrogen chloride, 
isomeric with (III) formed by direct acid condensation (compare 
Decker and Fellenberg, Annalen, 1909, 364, 1). 

By further condensation of (III) and (IV) with 2-naphthol-l1- 
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aldehyde, the isomeric 3- and 3’-substituted benzo-8-naphthaspiro- 
pyrans are respectively obtained (I). 


JT = 
BR oe, Be se cas oN < CH:CH-CO-CH,R 
OH (II.) 
A\/4NR VAN 
o IMe cur &Y” 
Vl ’ tin 
6 6 


~~ —~ 
Cl Cl 


It has been shown that, whereas benzo-$-naphthaspiropyrans 
substituted in the 3-position ionise on being heated in inert solvents, 
giving coloured solutions, the isomeric 3’-substituted compounds. 
fail to show this phenomenon (Dickinson and Heilbron, J., 1927, 
1699). This reaction can therefore be utilised in deciding between 
the structures (II) and (V), and affords a readier method than the 
oxidation and reduction reactions used previously (compare Gold- 
schmiedt and Krezmar, Monatsh., 1901, 22, 659; Harries and 
Miiller, loc. cit.; Harries and Bromberger, loc. cit. ; Stoermer and 
Wehln, Ber., 1902, 35, 3549; Gheorghiu and Arwentiew, J. pr. Chem., 
1928, 118, 295). 


V.) <_ ON AE eatin (VI) 
H H 


In order to illustrate this method for the determination of 
structure we have again examined the ketone obtained by Dickinson 
(J., 1926, 2234), by condensing salicylaldehyde with benzyl methyl 
ketone in presence of piperidine. This compound (A) was regarded 
as 2-hydroxystyryl benzyl ketone (VI), since its methyl derivative 
was not identical with the ketone (B) prepared by condensing o-meth- 
oxybenzaldehyde with benzyl methyl ketone by means of hydrogen 
chloride, which from analogy with known reactions was designated. 
2-methoxy-«-phenylstyryl methyl ketone (VII). 


Ph 


(VIL.) € CH:CPh-CO-CH; (VIII.) 
OMe O 


We have now prepared the phenylbenzo-$-naphthaspiropyran 
from (A) and find that it develops a purple colour in boiling xylene 
and other higher-boiling inert solvents, and also that it differs in 
melting point from the isomeric, non-ionising spiropyran obtained 
by Dilthey, Berres, Hélterhoff, and Wiibken (J. pr. Chem., 1926, 114, 
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179). From its method of preparation the latter compound must 
have the structure (VIII), and consequently the spiropyran derived 
from (A) must be 3-phenylbenzo-$-naphthaspiropyran (IX). 

Ph 


eee 
(IX. \ O OMe MeO (x) 


The same compound is obtained by condensing the pyrylium 
salt (II[; R= Ph), prepared from salicylaldehyde and benzyl 
methyl ketone, with 2-naphthol-l-aldehyde. The effect of piperidine 
is thus, contrary to Dickinson’s contention (loc. cit.), identical with 
that of hydrogen chloride in inducing activation of the methylene 
group in benzyl methyl ketone in preference to the methyl radical. 
A similar and equally unexpected reaction has recently been 
recorded by Lovett and Roberts (J., 1928, 1975) in the case of 
«-phenylacetylacetophenone and salicylaldehyde, whereby the 
methylene next to the phenyl group is activated. 

As a direct consequence of the above proof, it follows that the 
ketone (A) must be represented by formula (VII) and hence (B) must 
have some other constitution. This compound (m. p. 145°) has 
again been investigated in greater detail, and it has been found, as 


shown in the following table, that analytical values alone are 
insufficient evidence of structure. 


: Mol. Mol. : 

Aldehyde + Ketone —Water. formula. wt. %C. %H. % OMe. 
(a) 1 mol. lmol. 1 mol. Cy,H,,0, 252 80:9 6-4 12-3 
(6) 2mols. Imol. 2mols. (©;H,,0, 370 811 5:95 168 
(c) 1 mol. 2 mols. 1 mol. C,,H,,0,; 386 80-8 6-7 8-0 

Recourse has now been made to the determination of both molecu- 
lar weight and methoxyl content, and satisfactory proof provided 
that (B) has actually been formed according to reaction (6). It is 
doubtful, however, whether substance (B) is the normal distyry] 
ketone (X), as an isomeric compound, m: p. 180°, has been obtained 
by direct condensation, by means of hydrogen chloride, of the 
aldehyde and the ketone in the requisite molecular proportion. 
These two compounds may be stereoisomerides, or one of them 
(probably B) may have a cyclopentenone structure such as (XI) 
(compare Japp and Maitland, J., 1904, 85, 1473). 


CHPh:CH-CO-OH:-CO,H 


| HMe, 
Cee : (XII.) 
Me 


(XI.) 
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The application of the spiropyran colour reaction has thus led 
to definite conclusions regarding the structure of these ketones. 

The rule that condensation involves the methyl group or the 
methylene group according as alkali or hydrogen chloride is used is not 
without exceptions. Stoermerand Wehln (loc. cit.) haveshownthat the 
condensation of benzaldehyde with phenoxyacetone invariably occurs 
atthe methylene group. Ontheother hand, Gheorghiu and Arwentiew 
(loc. cit.) found that with methyl isobutyl ketone and benzaldehyde 
the use of either alkali or hydrogen chloride gave rise to styryl 
isobutyl ketone, the structure of which they proved by oxidation 
to benzoic and isovaleric acids. We have added the final proof 
by synthesising this compound from isopropylacetoacetic ester : 
by condensation with benzaldehyde in presence of alkali, y-benzylidene- 
a-isopropylacetoacetic acid (XII) was obtained (compare Ryan and 
Shannon, Proc. Roy. Irish Acad., 1924, 36, B, 322); this, on being 
heated with copper powder, readily gave styryl isobutyl ketone, 
the semicarbazone of which gave no depression in melting point 
when mixed with that obtained from the alkali condensation product. 

We have also been able to confirm the changes in colour of the 
semicarbazone under the influence of light noted by Gheorghiu 
and Arwentiew (loc. cit.). This case adds a further interesting 
example to the phenomenon of “ reversed phototropy ”’ originally 
observed by Heilbron and Wilson (J., 1914, 105, 2892). 

Methyl isobutyl ketone has now been condensed with salicyl- 
aldehyde in presence of alkali, and the resultant 2-hydroxystyryl iso- 
butyl ketone converted into 3’-isopropylbenzo-8-naphthaspiropyran 
(XIII), this structure being confirmed by the inability of the com- 
pound to acquire colour in high-boiling solvents. The same spiro- 
pyran has been obtained by the condensation of salicylaldehyde 


CHMe, C,H 
(XIII) (XIV.) 

with methyl isobutyl ketone in presence of hydrogen chloride, 
followed by the condensation of the pyrylium salt with 2-naphthol-1- 
aldehyde and subsequent hydrolysis. This reaction affords inde 
pendent proof that methyl isobutyl ketone condenses with aldehydes 
at the methyl radical whether acid or alkali is used as catalyst. 

3'-Octylbenzo-B-naphthaspiropyran has been prepared from 
2-hydroxystyryl nonyl ketone (Heilbron and Irving, J., 1928, 
2323) and in conformity with the general rule fails to show colour 
development. On the other hand, 3-octyldi-6-naphthaspiropyran 
(XIV) reacts normally, giving a purple colour in xylene. 
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The preparation of benzo-§-naphthaspiropyrans by first con- 
densing the ketone with salicylaldehyde by means of hydrogen 
chloride and then adding 2-naphthol-l-aldehyde to the solution 
of the pyrylium salt is usually difficult. Frequently the corre- 
sponding di-$-naphthaspiropyran alone is isolated; probably the 
salicylaldehyde forms in the first place the 2-hydroxystyrylbenzo. 
pyrylium salt, leaving half the ketone free to react with the other 
aldehyde. The use of low temperature (—5° or —10°) in carrying 
out the first stage is beneficial. 

We have failed to find any relation between the readiness with 
which the spiropyrans are transformed to pyrylium salts and the 
development of the colour change as suggested by Dilthey and 
Wiibken (Ber., 1928, 61, 963; compare also Dickinson, Heilbron, 
and O’Brien, J., 1928, 2077). Whereas (XIII) fails to give evidence 
of ion formation even in boiling diphenyl ether, 3-isopropyldi-s- 
naphthaspiropyran gives a purple solution in boiling xylene. Both 
substances, however, give marked pyrylium salt colorations in 
glacial acetic acid. 

EXPERIMENTAL, 

3-Phenylbenzo-8-naphthaspiropyran (IX).—(1) A_ solution of 
2-hydroxy-«-phenylstyryl methyl ketone (compound A, 1-5 g.) and 
2-naphthol-l-aldehyde (1 g.) in absolute alcohol (15 c.c.) was 
saturated with dry hydrogen chloride. After a short time, the 
separated pyrylium salt was dissolved in aqueous acetone and 
hydrolysed with the minimum amount of dilute ammonia solution, 
giving the spiropyran, which was recrystallised from acetone and 
then from benzene. 

(2) A cold solution of salicylaldehyde (2 g.) and benzyl methyl 
ketone (2-2 g.) in absolute alcohol (5 c.c.) was slowly saturated with 
dry hydrogen chloride. The mixture was kept at 0° for a few 
hours, and a solution of 2-naphthol-l-aldehyde (3 g.) in absolute 
alcohol (10 ¢.c.) then added. More hydrogen chloride was passed 
in and after standing in the cold for a few hours the separated 
pyrylium salt was treated in the manner described above. 

The pure spiropyran forms colourless crystals melting at 208— 
209° to a purple liquid which loses its colour on cooling. A colour- 
less solution of the compound in cold xylene becomes faintly coloured 
on heating. A more pronounced colour change is visible in higher- 
boiling solvents; in nitrobenzene, for example, a strong reddish- 
blue colour is produced (Found : C, 86-5; H,5-0. C,,H,,0, requires 
C, 86-6; H, 4:8%). The isomeric 3’-phenylbenzo-$-napthaspiro- 
pyran has m. p. 147—148° (Dilthey, Berres, Hélterhoff, and Wiibken, 
loc. cit.). 

Compound B (m. p. 145°).—This compound was prepared accord- 
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ing to Dickinson’s method (loc. cit.). The product failed to decolorise 
a solution of bromine in chloroform, and dissolved in concentrated 
sulphuric acid to give a yellow solution which darkened slightly on 
long standing [Found: C, 81-05, 81-0; H, 6-0, 6-0; MeO, 15-4; 
M (Menzies), 387, 378, 390. C,;H,.O0, requires C, 81:1; H, 5-95; 
MeO, 16:8%; M, 370). 

The Isomeric Compound, m. p. 180° (X ?).—A solution of 
o-methoxybenzaldehyde (5 g.) and benzyl methyl ketone (2-5 g.) 
in absolute alcohol (40 c.c.) was slowly saturated with dry hydrogen 
chloride at —5°. After standing for 4 hours at 0°, the solution was 
poured into water and neutralised with sodium carbonate, and the 
product extracted with ether. The ethereal solution was dried 
and the residue, after removal of solvent, taken up in hot alcohol. 
The crude ketone which separated on cooling was recrystallised 
from ethyl acetate, giving pale yellow rhombs, m. p. 180°, which 
dissolved in concentrated sulphuric acid to a cherry-red solution 
(Found: C, 80-7; H, 5-9; MeO, 16-5. C,,;H,.0, requires C, 
81-1; H, 5-95; MeO, 16-8%). 

y-Benzylidene-«-isopropylacetoacetic Acid (XII).—A suspension of 
benzaldehyde (7 g.) and isopropylacetoacetic ester (10 g.) in water 
(200 c.c.) was shaken for 11 days and during this period six portions 
(each of 5 ¢.c.) of 8% sodium hydroxide solution were added. Un- 
changed material was then removed by means of ether, and the 
aqueous portion acidified with acetic acid. The pure acid separated 
from dilute alcohol in colourless crystals, m. p. 134° (decomp.), 
readily soluble in the usual organic solvents (Found: C, 72-6; H, 
71; M, 245. C,,H,,0, requires C, 72-4; H, 69%; M, 232). 

Styryl isoButyl Ketone Semicarbazone.—y-Benzylidene-«-iso- 
propylacetoacetic acid (2 g.) was heated in presence of copper 
powder at 130—140° for 14 hours. The oil obtained was dissolved 
in aleohol, and the semicarbazone prepared directly from the 
solution in the usual manner. After recrystallisation from alcohol, 
the pure substance melted at 167° and was found by means of a 
mixed m. p. determination to be identical with the semicarbazone 
obtained by Gheorghiu and Arwentiew (loc. cit.). 

2-Hydroxystyryl isoButyl Ketone.—To a solution of salicylaldehyde 
(12-2 g.) and methyl isobutyl ketone (10 g.) in alcohol (100 c.c.), 
sodium hydroxide (60 c.c. of 20%, solution) was added. After 
5 days, the dark red solution was nearly neutralised with acetic 
acid and diluted with an equal volume of water, and the product 
precipitated with carbon dioxide. The ketone crystallised from 
methyl alcohol (with freezing) in yellow rhombs, m. p. 104° (Found : 
C, 76-3; H, 7-9. C,,H,,0, requires C, 76-5; H, 7-8%). 

3'-isoPropylbenzo-8-naphthaspiropyran (XIII)—(1) A_ solution 
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of 2-hydroxystyryl isobutyl ketone (2 g.) and 2-naphthol-I-aldehyde 
(1-7 g.) in absolute alcohol (17 .c.c.) was slowly saturated with dry 
hydrogen chloride and kept at. 0° for 1 day. The pyrylium salt 
obtained was treated with dilute ammonia solution in presence of 
ether until the colour was discharged. The dry ethereal solution 
was evaporated, and the spiropyran obtained from the oily residue 
by freezing and scratching in presence of a small quantity of acetone 
and methyl alcohol. Recrystallisation from a mixture of equal 
volumes of these solvents gave faintly yellow rhombs, m. p. 118°. 

(2) A solution of salicylaldehyde (1 g.) and methyl ssobuty) 
ketone (0-8 g.) in absolute alcohol (4 c.c.) was slowly saturated with 
dry hydrogen chloride at —10°. The mixture was kept. at 0° for 
15 hours to allow the primary condensation to reach completion; 
a solution of 2-naphthol-l-aldehyde (1-7 g.) in alcohol was then 
added and the whole again saturated with hydrogen chloride. The 
pyrylium salt, which separated after standing in the cold for 24 
hours, was treated as described under (1), the same spiropyran 
being obtained. The compound gave colourless solutions in boiling 
veratrole and diphenyl ether and dissolved in glacial acetic acid 
to a deep red solution (Found: C, 84-6; H, 6-2. C,,H,)0, requires 
C, 84:7; H, 5-9%). 

3-isoPropyldi-8-naphthaspiropyran.—A solution of 2-naphthol- 
l-aldehyde (3-4 g.) and methyl isobutyl ketone in absolute alcohol 
(30 c.c.) was saturated with a slow stream of dry hydrogen chloride. 
The deep blue solution was kept over-night at 0° and the separated 
pyrylium salt was then dissolved in aqueous acetone and treated 
with sufficient dilute ammonia solution to discharge the colour. 
The product on recrystallisation from benzene formed colourless 
prisms which melted to a purple liquid at 204° (Found: C, 86-0; 
H, 5-9. C,.H,,0, requires C, 86-1; H, 5-6%). Solutions in cold 
xylene or veratrole are colourless, but become purple at the boiling 
point. The spiropyran dissolves in glacial acetic acid, forming a 
blue solution of the pyrylium salt. 

3’-Octylbenzo-8-naphthaspiropyran.—A_ solution of 2-hydroxy- 
styryl nonyl ketone (1-5 g.) and 2-naphthol-l-aldehyde (1 g.) in 
absolute alcohol (15 c.c.) was saturated with dry hydrogen chloride 
and maintained at 0° for 2 days. The pyrylium salt which had 
then separated was suspended in ether and treated with sufficient 
dilute ammonia solution to remove the colour. The ethereal layer 
was evaporated and the product recrystallised from aqueous acetone, 
colourless needles being obtained, m. p. 101—102°. Solutions of 
the compound in boiling xylene or boiling diphenyl ether remained 
colourless (Found: C, 848; H, 7-2. C,.H,,0, requires C, 84-9; 
H, 7-3%). 
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3-Octyldi-B-naphthaspiropyran (XIV).—A solution of methyl 
nonyl ketone (1 g.) and 2-naphthol-l-aldehyde (2 g.) in absolute 
alcohol (15 c.c.) was saturated with dry hydrogen chloride and kept 
at 0° for 2 days. The separated pyrylium salt was dissolved in 
aqueous acetone, and the solution treated with sufficient dilute 
aqueous ammonia to effect hydrolysis. The product was recrystal- 
lised from benzene, giving colourless needles, m. p. 157° (Found : 
C, 85°9; H, 7-2. C,,H,,.0, requires C, 86-1; H, 7-0%). Its solu- 
tion in xylene was colourless in the cold, but became purple on 
boiling; the colour disappeared when the solution was cooled. 


Tae UNIVERSITY, LIVERPOOL. [Received, March 9th, 1929.] 





CXXV.—Aminobenzthiazoles. Part XII. The Mobility 
of 1-Amino-3 : 5-dimethylbenzthiazole. A Case of 
Complete Reactivity in the Aminothiazole Form. 

By Rosert Feravus Hunter and Witi1aM Emrys PRIDE. 


THE symmetrical triad system in l-amino-3 : 5-dimethylbenzthiazole 
responded satisfactorily to the symmetry test of mobility, since the 
hydrolysis of 1-imino-2-acetyl-3 : 5-dimethyl-1 : 2-dihydrobenzthiazole 


and of l-acetamido-3 : 5-dimethylbenzthiazole yielded the same base 
(I == Il) (compare Hunter, J., 1926, 1385; Hunter and Styles, 


J., 1928, 3019). 
ars \ 

CNH, == ™ C:NH: iz) 
7. SNH 


On the other hand, the methylation of this single individual with 
methyl iodide under mild, and also under vigorous, conditions 
yielded exclusively the hydriodide of 1-imino-2 : 3 : 5-trimethyl- 
| : 2-dihydrobenzthiazole, no trace of the hydriodide of the isomeric 
l-methylamino-base being obtained. 

Attempts to isolate intermediate products in these methylations 
were unsuccessful. When l-amino-3 : 5-dimethylbenzthiazole was 
treated with methyl sulphate in benzene, however, a methosulphate 
was obtained which was decomposed by strong alkalis with regener- 
ation of the amino-base. 


ExPERIMENTAL. 


m-Xylylthiocarbimide, b. p. 262—263°/760 mm. (corr.), was 
prepared in 95% yield from s-di-m- xylylthiocarbamide (m. p. 
152—153°; Dyson and George, J., 1924, 125, 1705, give 149—150°) 
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by the method used in the case of the o-tolyl compound (Hunter and 
Styles, loc. cit.). 

1-Amino-3 : 5-dimethylbenzthiazole was prepared by reduction of 
the bromo-addition compound obtained from m-xylylthiocarbamide 
(0-7 c.c. of bromine and 6 c.c. of chloroform to 1 g. of the thio. 
carbamide), suspended in sulphurous acid, with sulphur dioxide, 
The base separated from 50% alcohol in needles, m. p. 139—140°. 
The lower m. p. originally assigned to this base (J., 1926, 1400) was 
due to a trace of solvent, which is removed by drying at 100°. The 
intermediate bromo-addition compound, which is usually very 
unstable, was isolated by using dried materials; it formed orange 
needles, m. p. 273° (decomp.) (Found: Br, 46-9. C,H, N,Br,8 
requires Br, 47-3%). 

Synthesis of 1-Amino-3 : 5-dimethylbenzthiazole from 1-Imino- 
2-acetyl-3 : 5-dimethyl-1 : 2-dihydrobenzthiazole and from 1-Acetamido. 
3 : 5-dimethylbenzthiazole—Labile acetyl-m-xylylthiocarbamide was 
prepared from 5 g. of m-xylylthiocarbamide and 11 c.c. of acetic 
anhydride at 75° (compare Hugershoff, Ber., 1899, 32, 3649) in short 
needles, m. p. 121—122° (Found: S, 14-6. C,,H,,ON,S requires 
S, 14.4%). Difficulty was frequently experienced in obtaining it, 
owing to the ease with which it passed into the stable isomeride, the 
change being catalysed by acetic anhydride. 

1-Imino-2-acetyl-3 : 5-dimethyl-1 : 2-dihydrobenzthiazole was pre- 
pared in the same manner as the o-tolyl homologue (Hunter and 
Styles, loc. cit.), and separated from dilute alcohol in small granules, 
m. p. 118° (Found: 8, 14-1. C©,,H,,ON,S requires S, 14-5%). It 
was recovered unchanged after being heated under reflux with 60°, 
sulphuric acid for 3 hours, but yielded the aminobenzthiazole when 
heated with 30% hydrochloric acid for 4 hours. Stable acety/- 
m-«xylylthiocarbamide crystallised from alcohol in long prisms, m. p. 
181—182° (Found : 8, 14-7%). 

1-Acetamido-3 : 5-dimethylbenzthiazole hydrotribromide, obtained 
by treating a suspension of 1-5 g. of stable acetyl-m-xylylthiocarb- 
amide in chloroform (10 c.c.) with bromine (1-1 ¢.c. in 3 c¢.c. of 
chloroform) and heating the mixture under reflux for a few minutes, 
crystallised in orange needles, m. p. 167° (decomp.) (Found: Br, 52-1. 
C,,H,,ON,Br,8 requires Br, 52-1%). The acetamidobenzthiazole, 
obtained by reduction with sulphurous acid, separated from alcohol- 
ethyl acetate in plates, m. p. 259—260° (Found : S, 14:7%), and was 
identical with the product obtained by heating a solution of 1-amino- 
3 : 5-dimethylbenzthiazole (8 g.) in acetic anhydride (33 c.c.) and 
alcohol (100 c.c.). 

Methylation of 1-Amino-3 : 5-dimethylbenzthiazole —(A) A mixture 
of the amino-base (8 g.) and methyl iodide (9 c.c.) was heated at 
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100° for 24 hours and the product was finely ground and extracted 
with 250 c.c. of boiling alcohol. The residue (11-5 g.) consisted of the 
hydriodide of the iminomethyl base, m. p. 265° (decomp.), and was 
identical with the product of methylation in benzene. Fractional 
crystallisation of the alcoholic extract yielded a hydriodide (1 g.) and 
]-] g. of a dark-coloured solid, m. p. 185—190°. 

The insoluble hydriodide was decomposed by heating with 30% 
sodium hydroxide solution for an hour; the base, which was isolated 
by extraction with ether or chloroform, formed a clear tenacious gum 
which sometimes solidified on keeping in a vacuum. On recrystal- 
lisation from 70% methyl alcohol, 1-imino-2 : 3 : 5-trimethyl- 

: 2-dihydrobenzthiazole was obtained in small colourless crystals, 
m. p. 105—106° (Found: 8, 16-9. C, )H,,N,S requires 8, 16-7%)- 
On treatment with acetic anhydride, the gum gave an almost 
quantitative yield of the acetyl derivative, which crystallised from 
alcohol-ethyl acetate in plates, m. p. 186° (Found: N, 12-3; S, 
13-9. C,.H,,ON,S requires N, 12-0; 8S, 13-7%). The hydriodide 
obtained from the iminomethyl base and hydriodic acid was identical 
with that obtained in the methylation; on recrystallisation from 
alcohol (animal charcoal), it formed soft plates having a silvery- 
green lustre, m. p. 274° (decomp.) [Found: C, 37-7; H, 3-9 (Pregl’s 
method); I, 39-6; S, 9-7. C, 9H, .N,S, HI requires C, 37-5; H, 
41; I, 39-7; 8, 10-0%]. 

The hydriodide and the dark-coloured product, m. p. 185—190°, 
obtained by fractional crystallisation of the alcoholic extract, when 
decomposed in the same way, did not yield any trace of the methyl- 
amino-derivative; the latter yielded some unchanged 1-amino- 
3: 5-dimethylbenzthiazole (identified as the acetyl derivative). 

In attempts to isolate the intermediate methiodide through which 
methylation is assumed to take place (Hunter and Styles, loc. cit.), 
either the original materials were recovered unchanged, or the 
iminomethylbenzthiazole derivative was formed. 

(B) The quantity of material methylated in benzene solution was 
inappreciable in the first few hours; the following experiment is 
typical of a number. A mixture of 10 g. of 1-amino-3 : 5-dimethyl- 
benzthiazole, methyliodide (20 c.c.), and benzene (30 c.c.) was 
heated under reflux for 16 hours. The hydriodide (2-3 g.; m.p. 
266°) separated in the later stages. On fractional crystallisation, 
the mother-liquor yielded unchanged 1-amino-3 : 5-dimethyl- 
benzthiazole, and an iodine-free substance which crystallised in 
needles, m. p. 156—157° (Found by Pregl’s method: C, 62-2; H, 
6-0°%), and has not yet been identified. 

1-Methylamino-3 : 5-dimethylbenzthiazole and its Derivatives.— 
s-m-X ylylmethylthiocarbamide, prepared from m-xylylthiocarbimide 
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(6 g.) in alcohol, and methylamine (30% excess), crystallised in 
plates, m. p. 152° (Found: 8, 16-6. C, H,,N.S requires 8, 16-5%). 
L-Methylamino-3 : 5-dimethylbenzthiazole was prepared by reducing 
the orange bromo-addition compound (m. p. 129°) obtained from the 
methylthiocarbamide (4 g.), chloroform (20 c.c.), and bromine 
(3-5 c.c.); it separated from alcohol in needles, m. p. 124—125° 
(Found: 8S, 168%). The acetyl derivative crystallised from 
alcohol-ethy] acetate in needles, m. p. 156—157° (Found : 8, 13-7°%). 
The hydriodide, which was much more soluble in ordinary solvents 
than the iminomethyl] isomeride, crystallised from alcohol in needles, 
m. p. 225—227° (decomp.) (Found: I, 39-3%). 

1-Amino-3 : 5-dimethylbenzthiazole methosulphate was prepared by 
heating a solution of the aminothiazole (5 g.) in benzene (25 c.c.) and 
methyl sulphate (10 c.c.) under reflux for 3 hours; it separated from 
methyl alcohol in colourless needles, m. p. 216—217° (Found: §, 
20-8. C,,H,,0,N,S, requires 8, 21-05%). Decomposition of 0-8 g. 
of this compound with 20% potassium hydroxide solution yielded 
0-35 g. of 1-amino-3 : 5-dimethylbenzthiazole (m. p. 137—138° after 
recrystallisation). 


The authors wish to express their gratitude to Professor J. F. 
Thorpe, F.R.S., for his kind interest in this work, to the Trustees of 
the Ramsay Memorial Fellowship Trust for the award of a Fellowship 
to one of them (R. F. H.), and also to the Trustees of the Dixon Fund 
of the University of London for grants which have defrayed the cost 
of the materials. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [Received, February 28th, 1929.] 





CXXVI.—The Isomerism of the Oximes. Part XXXIV. 
The Dissociation Constants of Isomeric Oximes and 
their Influence on the Production of the Isomerides 
in Alkaline Solution. 

By Oscar L. Brapy and NavniriaL Monantat CHoKsaI. 


Tue results of the determination of the dissociation constants of a 
number of aldoximes (Brady and Goldstein, J., 1926, 1923) showed 
that in the case of substituted benzaldoximes, where only the 
a-aldoxime was produced when oximation was carried out in alkaline 
solution, the «- was about four times as strong an acid as the 6-iso- 
meride, but that «-cinnamaldoxime was only about twice as strong 
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an acid as $-cinnamaldoxime. Im the latter case oximation in 
alkaline solution yields both the «- and the 8-oxime. 

This suggested that when an aldehyde or unsymmetrical ketone 
was treated with an alkaline solution of hydroxylamine the con- 
figuration of the resulting oxime bore some relation to the dissociation 
constants of the two possible isomerides. That is, if the dissociation 
constants’ were widely different, only the oxime with the higher 
constant would be obtained, but if they were nearly the same both 
isomeric oximes would be formed. Further work bears out this 
hypothesis : the results are shown in Table I, where the dissociation 
constants of eight pairs of isomeric oximes are given. 


; 
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p- 9 
a-m-Nitrobenzaldoxime 


“ ”” 
a-Cinnamaldoxime 
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* Deduced from quantitative methylation experiments. 


o-Methoxycinnamaldehyde, unlike cinnamaldehyde, gives little 
if any of the $-oxime with hydroxylamine in alkaline solution, 
behaving more like the substituted benzaldoximes (Brady and 
Grayson, J., 1924, 125, 1418), and it is found that the ratio K,«/ 
K,8 approaches that of the m-nitrobenzaldoximes. Furfuralde- 
hyde, on the other hand, on oximation under these conditions 
readily gives an inseparable mixture of the «- and f-isomerides 
(Brady and Goldstein, J., 1927, 1959). Although we have no 
quantitative figures, qualitative experience shows that more of the 
$-isomeride is produced in this case than in that of cinnamaldehyde, 
as would be expected from the lower K,«/K.§ ratio. 

The «- and §-p-nitrobenzophenoneoximes do not differ greatly 
in their dissociation constants. Here the oxime to which the label 
3 has been attached happens to be the stronger acid, but this has 
no real significance, since the «- and 6-titles have not, in the ket- 
oximes, the special connotation they bear in the aldoximes (Brady 
and Bishop, J., 1925, 127, 1361). Similarly, the «- and $-phenyl- 
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p-tolylketoximes are both acids of about the same strength ; direct 
measurement of the dissociation constants in this case has been 
found impracticable for reasons given in the experimental part, 
but some idea of the relative strengths of the two acids can be 
gained from a quantitative study of their methylation : this will be 
the subject of a later paper (compare Brady and Goldstein, J., 
1926, 2403). p-Nitrobenzophenone and phenyl p-tolyl ketone on 
oximation in alkaline solution both give a mixture of the «- and 
the 6-ketoxime (Brady and Mehta, J., 1924, 125, 2298; Hantzsch, 
Ber., 1890, 23, 2325). 

Brady and Goldstein (J., 1926, 1918) showed that if the new 
configurations for the benzaldoximes are accepted the relation 
between configuration and dissociation constant in these compounds 
is not analogous to that in the cinnamic acids, since the stronger acid 
is that in which the phenyl group is remote from the hydroxy] group. 
The dissociation constants of the two forms of p-nitrobenzophenone- 
oxime and phenyl-p-tolylketoxime bear this out, since, if the new 
configurations are adopted, the stronger acid has in the first case the 
p-nitrophenyl and in the second the phenyl group remote from the 
hydroxyl. The new configurations of the ketoximes rest on more 
experimental evidence than those of the aldoximes and either this 
evidence is also unsound or the analogy with cis- and trans-acids in 
the ethylene series will not hold. Since there is between the two 
acidic groups a chain of two atoms in the oximes and of three in 
ethylene compounds (C,H,-C—N—OH, C,H,-C—C—C—OH), the 
comparison may not be a fair one. 

On the above lines it is possible to suggest an explanation of the 
apparent exclusive formation of $-aldoximes when aliphatic alde- 
hydes are oximated. For example, in benzaldoxime the pheny! 
group has a greater electron affinity than the methine hydrogen 
atom; the effect of this is so transmitted that the hydrogen of the 
hydroxyl group is more easily expelled as an ion when the hydroxy! 
group is remote from the phenyl group, that is, the «-oxime is the 
stronger acid and is formed on oximation in alkaline solution. Now 
in the aliphatic aldoximes the methine hydrogen atom has a greater 
electron affinity than the alkyl group and consequently the stronger 
acid will be that in which the hydroxyl is remote from the methine 
hydrogen, namely, the 8-oxime, which will consequently be formed 
on oximation. The lack of a suitable method of converting a stable 
8-aldoxime into the «-isomeride would explain the failure to obtain 
satisfactory evidence of the existence of the latter form among 
aliphatic aldoximes. Attempts to bring this change about through 
the benzoyl derivative, successful in the case of $-cinnamaldoxime 
(Brady and Grayson, loc. cit.), have so far yielded negative results. 
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Our conclusions have been drawn from a more limited number of 
examples than we could have desired, but owing to the very sparing 
solubility in water of most of the 8-oximes and the ready hydrolysis 
of their sodium salts the determination of their dissociation constants 
presents unusual difficulties, and we have failed to obtain figures 
in other cases we have tried. Measurements of hydrogen-ion con- 
centration with the glass electrode were unsuccessful owing to 
progressive hydrolysis of the oxime to aldehyde and hydroxylamine 
in the very dilute aqueous solutions that had of necessity to be 
employed. We are indebted to Mr. B. Prasad for investigating this 
method. 

The dissociation constants of «-p-dimethylaminobenzaldoxime 
(K. = 0°56 x 10-4), acetophenoneoxime (K,= 0-33 x 10-4), and 
benzophenoneoxime (K, = 0-50 x 10-4) have also been measured. 


EXPERIMENTAL. 


The conductivity method previously employed (Brady and Gold- 
stein, loc. cit.) for the measurement of the dissociation constants of 
some aldoximes cannot be used for those oximes which are. very 
weak acids and sparingly soluble in water owing to the separation 
of the solid oxime when the sodium salt dissociates hydrolytically. 
For this reason the method of Farmer (J., 1901, 79, 863), depending 
upon the measurement of the degree of hydrolysis of the sodium salt 
as determined by the distribution coefficient of the oxime between 
aqueous sodium hydroxide and an organic solvent, has been employed. 
Even this method is not applicable to such weak acids as phenyl- 
p-tolylketoxime, as, owing to the very large proportion of the oxime 
that passes into the organic solvent, concordant results cannot be 
obtained. 

In the following experiments, water and sodium hydroxide free 
from carbon dioxide were employed, the solutions were preserved in 
waxed bottles, and the usual precautions observed to prevent access 
of carbon dioxide during manipulation. The temperature through- 
out was 25° + 0-04°. The mutual solubilities of water and benzene 
were taken as 100 c.c. of water dissolve 0-082 c.c. of benzene and 100 
¢.c. of benzene dissolve 0-211 c.c. of water. 

In order to determine the distribution coefficient of the oxime 
between water and benzene, a weighed amount of oxime, insufficient 
to saturate the solvents, was shaken with a mixture of known 
amounts of benzene and water for 6 hours at constant temperature 
and the solutions were left in the thermostat to separate. Three 
portions of 10 c.c. were pipetted from the benzene layer and the 
oxime therein was determined either by evaporation on the water- 
bath and drying at 100° to constant weight or, with the more 

LL 
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volatile oximes, by evaporation in a current of dry air at room 
temperature and drying in a vacuum to constant weight. The 
aqueous layer was examined in either of two ways. A quantity 
(100—400 c.c. depending on the solubility of the oxime) was extracted 
several times with chloroform, and the oxime determined by 
evaporation as before. Alternatively, 100—500 c.c. were acidified 
with hydrochloric acid (25 c.c. of concentrated acid for each 100 c.c. 
of solution), a solution of 2: 4-dinitrophenylhydrazine hydro. 
chloride was added, and the mixture warmed and kept over-night. 
The very sparingly soluble dinitrophenylhydrazone was collected, 
dried at 100°, and weighed (compare Brady and Elsmie, Analyst, 
1926, 77). In the case of oximes which did not give concordant 
results by this method owing to their very small solubility in water, 
the solubilities in water saturated with benzene and in benzene 
saturated with water were determined separately (compare Farmer, 
loc. cit.) and their ratio was taken as the distribution coefficient. 

The degree of hydrolysis of the sodium salt was measured by 
shaking a weighed quantity of oxime with known amounts of 
benzene, water, and sodium hydroxide solution for 6 hours in 
thermostat and then allowing the two layers to separate. The 
oxime in the benzene layer was determined as before. The results 
were calculated from the equations (Farmer, Joc. cit.) 


Katana atol+gF) _ VK? + 4Ke, — K 
$i G@—cli+@qF) ’ 4 2 
= M,/Cg, Ky, = 2?/(l — x)v, Ka = Ky/Ki, 


where c = concentration of free oxime in the aqueous layer after 
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shaking with benzene, c, = concentration of sodium hydroxide in 
mols., ¢g = concentration of oxime in mols., g = ratio of volume of 
benzene layer to sodium hydroxide layer, F = distribution coeffi- 
cient of oxime between benzene and pure water, m, = concentration 
of free oxime in the aqueous layer, x = degree of hydrolysis of the 
sodium salt of the oxime, K;, = hydrolysis constant, v = number of 
litres of water containing a gram-molecule of oxime, K,,= ionic 
constant of water = 1-00 x 10°“, K, = dissociation constant of 
oxime. The observed figures are given in Table IT. 

The dissociation constants of m- and p-nitrobenzaldoximes and 
of o-methoxybenzaldoxime were determined by this method to test 
its applicability. The mean results, 6-9, 10-9, 1-5 x 10“, respec- 
tively, agree satisfactorily with those determined by conductivity 
methods, 7-0, 10-7, 1-3 x 10-1! (Brady and Goldstein, loc. cit.). 


THe Rawr Forster LABORATORIES OF ORGANIC CHEMISTRY, 
University CoLteGce, Lonpon. [Received, February 4th, 1929.] 





CXXVII.—-Compounds of Hydroxides of the Alkaline 
Earths with Sugars. 


By JoHN Epwin MACKENZIE and JAMES PATTERSON QUIN. 


Iv 1807, William Ramsay (Nicholson’s Journal, 18, 9) described 
experiments from which he concluded that sucrose, in aqueous 
solution at 50° F., dissolved half its weight of lime and an equal 
weight of strontia. From the latter solution, grey crystals separ- 
ated, but no analytical data are given by Ramsay for what was in 
all probability monostrontia-monosucrose. 

Peligot (Compt. rend., 1838, 6, 232) prepared and analysed a 
number of compounds of sucrose and “earths.” The results 
recorded in numerous subsequent papers are so discordant that it 
seemed desirable to obtain exact data concerning these compounds 
and to distinguish between true compounds and intimate mechanical 
mixtures. In pursuance of this object, one of us (J. E. M.) incident- 
ally repeated the isolation of calcium carbonate hexahydrate (J., 
1923, 123, 2409) from a lime-sugar solution. Preliminary experi- 
ments by Messrs. John Hume and H. B. Walker gave valuable 
results and a full description of the subsequent work appears in the 
thesis submitted by J. P. Quin to the University of Edinburgh. 

Some of the names applied to these compounds are unsuitable, 
eg., ‘‘ saccharate ” (Peligot, loc. cit.), “ sucrate” and “lactate” 
(Horsin-Déon, Bull. Soc. chim., 1871, 16, 26). Until more knowledge 
of the structure has been gained, the nomenclature of Soubeiran 
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(J. Pharm. Chim., 1842, 1, 469), in which the name of the alkaline 
earth and of the sugar are combined, will be used. 

As many as seven lime-sucrose compounds have been described, 
but, as will be shown, the existence of more than three is very 
improbable. 

Monolime-monosucrose (Peligot, Compt. rend., 1864, 59, 930; 
Benedikt, Ber., 1873, 6, 413; Stromeyer, Arch. Pharm., 1887, 25, 
229) exists as an unstable hexahydrate, C,,H,.0,,,CaO,6H,O. We 
found it difficult to isolate this hydrate and, on triturating it with 
dilute alcohol, the lime content rose until it reached that required 
for dilime-monosucrose. 

Brendeke (Arch. Pharm., 1842, 29, 73), Soubeiran (loc. cit.), and 
Stromeyer (loc. cit.) claim to have prepared trilime-disucrose. The 
product obtained by us on following the directions of these authors 
is probably a mixture of the unstable monolime-monosucrose with 
the more stable dilime-monosucrose, since on trituration with dilute 
alcohol it, like monolime-monosucrose, yields dilime-sucrose. 

Dilime-monosucrose was first described by Pelouze (Compi. rend., 
1864, 59, 1073). It is the final product obtained by washing with 
dilute alcohol the precipitate formed by adding alcohol to a sugar- 
lime solution. Peligot (Compt. rend., 1864, 59, 930) pointed out 
that the proportion of two molecules of lime to one of sugar is 
never attained in solution and that the precipitation by alcohol 
leaves a mother-liquor richer in sugar. Dilime-monosucrose is a 
comparatively stable substance. 

Trilime-monosucrose (C,,H,.0,,,3Ca0,4H,O) was obtained by 
Seyffart (N.Z. Riibenzuckerind., 3, 178) by the action of three 
molecular proportions of lime on an alcoholic solution containing 
one molecular proportion of sucrose. Soubeiran (loc. cit.), Wachtel 
(0.2. Zuckerind., 7, 704; 8, 860) and Lippmann (ibid., 9, 95) all 
claim to have obtained C,,.H,.0,,,3Ca0,3H,O by heating a sugar- 
lime solution. As mentioned below (p. 957), our product appears 
to be a hexahydrate. Horsin-Déon (loc. cit.) observed that pre- 
cipitation of trilime-sucrose does not take place on heating to 100° 
a lime-sugar solution containing excess of sugar, but, if the density 
of the solution be lowered by the addition of water, precipitation 
does take place. In other words, trilime-sucrose is more soluble in 
an aqueous solution of sugar at low than at high temperatures and 
also more soluble in a highly concentrated than in a less concen- 
trated sugar solution. 

Stulzer and Sostmann (Z. Ver. deut. Zuckerind., 1884, 34, 85) 
and Wolters (N.Z. Riibenzuckerind., 10, 287) claim to have pre- 
pared tetralime-monosucrose; Degener (Z. Ver. deut. Zuckerind., 
1884, 34, 283) disclaims its existence. Soubeiran (loc. cit.) and 
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Horsin-Déon (Bull. Soc. chim., 1872, 17, 155) described the prepar- 
ation of hexalime-monosucrose, but gave no analyses; Peligot 
(Compt. rend., 1851, 32, 333) denied its existence. Wolters (loc. 
cit.) affirmed the existence of octalime-monosucrose. 

On heating sugar-lime solutions, unsaturated as regards lime, 
precipitates containing approximately the theoretical proportions 
of lime required for higher lime-monosucroses were obtained by us. 
These precipitates showed no trace of crystalline structure and on 
grinding with 90% alcohol, the lime content rose to 80% (see p. 958). 
It would appear that these so-called compounds are either sucrose, 
dilime- or trilime-sucrose adsorbed by lime. 

Few physical data concerning sugar-lime compounds are avail- 
able. Petit (Compt. rend., 1893, 116, 823) made a thermochemical 
investigation not only of the direct action of lime upon sucrose, but 
also of the interaction of sodium hydroxide with sucrose and calcium 
chloride in aqueous solution. His results may be summarised as 


follows :— 


CypH904, + Ca(OH), = CygH5.0,,,CaO + 7-2 Cal. 
(dissolved) (solid) (dissolved) 
CjpH.0;, + 2Ca(OH), = CygH..0,,,2CaO + 11-7 Cal. 
(dissolved) (solid) (dissolved) 
C,2H.0,,,CaO + Ca(OH), = CyH,0,,,2CaO + 4-5 Cal. 
(dissolved) (solid) (dissolved) 
The addition of more calcium hydroxide was unaccompanied by 
further heat production and no trilime compound was formed in 
solution. 

An accurate study of the solubility of lime in aqueous sugar 
solutions was made by Claassen (Z. Ver. deut. Zuckerind., 1911, 489). 
Cameron and Patten (J. Physical Chem., 1911, 15, 67) found that 
on addition of lime to sucrose solution, not only was a soluble lime- 
sucrose compound formed, but some of the sucrose was removed 
from solution by the undissolved lime and passed into the solid 
phase. Dedek (Z. Zuckerind. Czechoslov., 1925, 26, 349) concluded 
from his potentiometric measurements that trilime-sucrose was not 
present in solution, and suggested that a colloidal adsorption com- 
pound was obtained by adding powdered calcium oxide to a sucrose 
solution or by heating lime-sucrose solution, which was saturated 
in the cold. Waterman and van Aken (J. Soc. Chem. Ind., 1927, 
46, 41]r) agree with Dedek’s view of the nature of trilime-sucrose. 
Aten, van Ginneken, and Engelhard (Rec. trav. chim., 1926, 45, 
753) found that in dilute alkaline solution (up to 0-1N) sucrose 
behaves as a monobasic acid with dissociation constant 14-6 x 10-4 
at 18°. They also observed that little change in the metal-ion 
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concentration was produced by the addition of sucrose to alkaline 
solutions of less than normal concentration. Hence they con. 
cluded that the alkali-sucrose compounds in such solutions are 
largely ionised. Experiments made in this laboratory support this 
conclusion. In more concentrated solutions the low conductivities 
measured indicate the presence of undissociated molecules. 

Diffusion experiments described below (pp. 958, 959, 960) proved 
that, in aqueous solution, the lime-sucrose, strontia-sucrose, and 
baryta-sucrose behave as crystalloids—diffusing readily. 

Monostrontia-monosucrose was obtained in crystalline form by 
Ramsay (loc. cit.) and as pentahydrate by Scheibler (N.Z. Riiben- 
zuckerind., 9, 83; 10, 143). Our experiments show the compound 
to be a hexahydrate (p. 959). 

Scheibler (loc. cit. and 6, 49) claims to have prepared distrontia- 
trisucrose and distrontia-monosucrose and also tristrontia-mono- 
sucrose. Wolfmann (Z. Ver. deut. Zuckerind., 52, 587) showed that 
the last-named product is a mixture of distrontia-monosucrose 
and strontium hydroxide, a result confirmed by our experiments. 
Our attempts to prepare distrontia-trisucrose were unsuccessful 
(p. 959). 

Monobaryta-monosucrose, C,,H,.0,,,BaO, was first prepared by 
Peligot (Annalen, 1839, 30, 69) and its composition has been con- 
firmed by numerous investigators. Soubeiran (Compt. rend., 1843, 
14, 648) claims also to have isolated dibaryta-monosucrose, but in 
our attempts to separate this compound the monobaryta compound 
has always been produced (p. 960). 

Monolime-monoglucose was first described by Peligot (Annalen, 
1839, 30, 75) and the dihydrate by Soubeiran (J. Pharm., 1842, 4, 
649). Though the instability of alkaline solutions of glucose is well 
known and has been the subject of very extensive investigations by 
Nef (Annalen, 1907, 357, 294; 1910, 376, 1) and others, anhydrous 
monolime-monoglucose is comparatively stable (p. 960). We have 
been unable to isolate any other compound than monolime-mono- 
glucose. 

Monolime-monofructose dihydrate was prepared by Peligot 
(Compt. rend., 1880, $0, 153) and the hexahydrate by Winter 
(Annalen, 1888, 244, 295). Peligot (J. Fabr. Sucre, 214, 6) claims 
to have prepared dilime-monofructose, but the resulting product in 
our experiments has always been monolime-monofructose. 

Monolime-monomaltose was prepared by Herzfeld (Annalen, 
1883, 220, 214) and monolime-monolactose by Dubrunfaut (Lipp- 
mann, ‘Chemie der Zuckerarten,’’ 1904). No other lime derivatives 
of either of these sugars appear to have been made. 

From our experiments we conclude that the following definite 
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compounds can be prepared: monolime-monosucrose, dilime- 
monosucrose,  trilime-monosucrose; monostrontia-monosucrose, 
distrontia-monosucrose ; monobaryta-monosucrose ; and monolime- 
monoglucose; monolime-monofructose; monolime-monomaltose ; 
monolime-monolactose. It is further shown that the methyl- 
glucosides, -fructosides, -maltosides, and -lactosides are uninfluenced 
by calcium hydroxide. Our attempts to prepare compounds of 
reducing sugars with alkaline earths, other than those built up of 
one molecule of sugar and one molecule of earth, have not been 
successful. 

The evidence at present on hand inclines us to suggest that in the 
compounds of the reducing sugars with lime the calcium is united 


to the “ reducing ’’ carbon group—possibly in the form CH<P>Ca 


or ‘CH:O-Ca‘OH; whereas in the non-reducing sugar, sucrose, the 
sucrose molecule attracts one, two or three molecules of lime, forming 
compounds comparable with those of sucrose with metallic salts, 
€.g., CygHg.03,,KCl (Violette, Compt. rend., 1873, 76, 485). 

In a future communication we hope to give an account of further 
experiments which will lead to a full discussion of the constitution 
of these substances. 

Is it a coincidence that one molecule of sucrose can form a com- 
pound with three molecules of lime, with two molecules of strontia 
and with only one molecule of baryta? The molecular weights of 
these earths are: 3CaO = 168; 2SrO = 207; BaO = 153-4. The 
mean of the three is 176, which is approximately half of the 
molecular weight of sucrose—342/2 = 171. 


EXPERIMENTAL. 


The glass used in the following experiments had had lengthened 
contact successively with alkali, acid, conductivity water, sugar, 
and lime-sugar solutions. The apparatus for making lime-sugar 
solutions consisted of a bottle of 2 1. capacity, provided with a three- 
holed rubber stopper through which passed (a) a small funnel with 
ground glass stopper, (b) a soda-lime tube, (c) a glass tube in 
which rotated a stirrer reaching nearly to the bottom of the bottle. 
(6) allowed easy access of air free from carbon dioxide; whereas 
very little air entered through (a) while lime was being added and 
none entered through (c)—the space between the glass tube collar 
and the stirrer being filled with vaselin. 

Lime was prepared from either Buxton limestone or precipitated 
calcium carbonate (Kahlbaum) by heating it for 6 hours in a muffle, 
grinding the product to a very fine powder, and reheating it for 
4 hours. The lime produced did not effervesce when mixed with 
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dilute acid. In the sucrose experiments, so-called *‘ Austrian 
crystals *” were used, 100 g. being dissolved in conductivity water 
and the solution made up to 2000 c.c. Lime was added in small 
quantities at a time to the sucrose solution, which was vigorously 
stirred, each portion being allowed to dissolve before addition of the 
next. The rate of solution depended on the state of division of the 
lime and the temperature of the solution—the finer the powder and 
the lower the temperature the more rapid the solution. After 4 days 
no more lime would dissolve. A slight excess of lime was then 
added, the mixture stirred for 6 hours and allowed to settle over. 
night, and the solution siphoned off through a purified cotton-wool 
filter. In absence of carbon dioxide the solution may be kept for 
months without change. 

By titration with 0-049N-hydrochloric acid and phenolphthalein, 
the amounts of caleium oxide in two solutions thus prepared were 
found to be 11-7 and 12-3 g. per litre. Calculated from the sucrose 
content, [a]if* = + 53-3° and + 53-0°. Muntz (Z. Ver. deut. 
Zuckerind., 26, 737) found for a 10% sucrose solution (1 mol. 
CaO :1 mol. C,,H;,0,,) [«]o = + 56-9° and (2 mols. CaO: 1 mol. 
C,.H.,0,,) [#]> = + 51-8°. By extrapolation, our figure for the 
latter value is + 51-12°. 

Monolime-monosucrose—Following Peligot’s method (loc. cit.), 
0-9 mol. of calcium oxide was added to 1-0 mol. of sucrose in 5°, 
aqueous solution. On the addition of 500 c.c. of 60% alcohol to 
200 c.c. of this solution, an amorphous white precipitate was pro- 
duced, which, after drying between filter-papers, amounted to 60°, 
of the theoretical yield of C,,H,.0,,,Ca0,2H,O (Found: Ca0, 
12-9; H,O, 7-9. Cale. for C,,H,.0,,,CaO,2H,O: CaO, 12-9; 
H,0, 8-3%). These figures, however, appear to be fortuitous, since 
small changes in the proportion of calcium oxide and sucrose are 
accompanied by changes in the composition of the precipitate. 
Moreover, if the precipitate be triturated repeatedly under 60°, 
alcohol, the percentage of calcium oxide gradually rises and after 
nine triturations becomes constant (Found: CaO, 24:5. Cale. for 
C1oH..0,;,2CaO : CaO, 247%). 

By the evaporation of 150 c.c. of the above aqueous solution at 0° 
in a vacuum over phosphoric oxide during a period of 3 months, a 
syrupy mass containing microscopic crystals was obtained. After 
it had been washed successively with conductivity water at 0°, with 
50% alcohol, and again with water, and then dried between filter- 
papers, there remained about 4 g. of slightly sticky solid (Found: 
CaO, 11-6, 11-9; H,O, 20-05. Calc. for C,,H,.0,,,Ca0,5H,0: 
CaO, 11-5; H,O, 1845. Cale. for C,,H,.0,,,Ca0,6H,O: Ca0, 
11-2; H,O, 21-3%). On beimg ground with 60% alcohol, this 
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product behaved in a similar manner to the dihydrate, dilime- 
monosucrose being formed. Monolime-monosucrose is an unstable 
substance at room temperature. 

Dilime-monosucrose.—The white precipitate formed by mixing 
500 c.c. of 60% alcohol with 250 c.c. of the lime-saturated sugar 
solution (p. 956) at 0° was rapidly collected, washed and triturated 
with 60% alcohol, and dried between filter-papers. A thin layer of 
the product contained in a copper boat was heated at 100° under 
1 mm. pressure in a slow current of air purified by passage through 
soda-lime and phosphoric oxide. This operation proved very 
lengthy, constant weight being attained only after 35 days in one 
experiment, and 32 days in another. The time may be shortened 
very much if, after the grinding with 60% alcohol, the precipitate is 
ground with small quantities of pyridine and finally with absolute 
aleohol several times before being heated under reduced pressure. 
During these operations some of the product appeared to become 
crystalline. We are indebted to Dr. R. Campbell for an examination 
of the substance, which he found to be isotropic, showing conchoidal 
fracture but no definite cleavage, and a refractive index between 
15245 and 1-:5294, The refractive indices for sucrose crystals are 
« 15397, 8 1-5667, and y 1-5716, so there can be no question of 
its identity with sucrose. The solubility of the crystalline part of 
the product was 45-23 g. per litre, and that of the amorphous pre- 
cipitate was 37-7 (cale. as C,,H,.0,,,2Ca0,6H,O). (Lippmann, 
0.Z. Zuckerind., 9, 35, gave the solubility as 1 in 33 of water.) 
[a]i = + 32-1° in 2.5% aqueous solution (Found: H,O, 18-7, 
17:8. Cale. for C,,H,.0,,,2Ca0,6H,O: H,O, 19-2%. Found: 
CaO, 24-2; C, 31-65; H, 4:8. Cale. for C,,H,.0,,,2CaO: CaO, 
246; C, 31-7; H, 485%). 

T rilime-monosucrose.—This substance began to separate as a white 
precipitate from the lime-saturated sucrose solution (p. 956) when 
this was heated to 58°; on further heating to 80°, the precipitate 
settled and was easily collected on a hot funnel. It was thoroughly 
washed with hot conductivity water and then dried between filter- 
papers. Dehydration and analyses were carried out as described 
above [Found: H,O, (1) constant after 66 days, 17-25, (2) con- 
stant after 56 days, 16-45; CaO, 33-0; C, 28-2; H, 4-45. Calc. for 
Ci2H».0,,,3Ca0,6H,0O: H,O, 17-5%. Cale. for C,,H..0,,,3Ca0: 
CaO, 33-0; C, 28-2; H, 43%]. An attempt to obtain this sub- 
stance in crystalline form was made by sealing up some lime-— 
sucrose solution in a tube, which was then immersed in a large 
volume of water. During a period of 8 days the temperature of the 
water was gradually raised from 17° to 58° and then more slowly to 
72°. The precipitate was examined in the tube with the aid of a 

LL2 
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lens at intervals during the heating, and thereafter on a slide under 
a microscope, but no crystalline structure was observed. 

Although trilime-monosucrose probably does not dissolve as such 
in water, the amount of lime in a saturated solution obtained by 
mixing anhydrous trilime-monosucrose with conductivity water at 
15° was found to correspond to 15-38 g. of anhydrous trilime-mono 
sucrose per litre (Lippmann, loc. cit., records 10 g. per litre). 
[a}i* = + 36-52° for this solution. 

After it had been proved by qualitative experiments that both 
lime and sucrose in an aqueous solution of trilime-sucrose diffuse 
through collodion membrane, two experiments, in which 50 c.c. of 
trilime-sucrose solution were placed in a collodion membrane sus. 
pended in 100 c.c. of conductivity water, were carried out with the 


following results : 
Sucrose. Lime. Sucrose : lime. 


(1) Initial cone. per 100 c.c. ...... 06706 0-3294 2-03 
Conc. after 12 hours 0-4201 0-1187 3-56 


(2) Initial cone. per 100 c.c. ...... 0-6706 0-3294 2-03 
Cone. after 24 hours 0-1534 3°34 
In the hope that methyl sulphate might react with trilime-mono- 
sucrose and produce a trimethylsucrose, methylation experiments 
were performed, but the products were always mixtures of more 
highly methylated sucroses. Some oxidation experiments, with 
calcium permanganate as oxidising agent, led to no definite con- 
clusions. 

Higher Lime-sucrose Compounds.—Amorphous, white precipitates 
were obtained on heating sucrose solutions in which less lime than 
that required for saturation had been dissolved. For instance, a 5°, 
sucrose solution containing 8 g. of lime per litre gave a precipitate 
on heating, which, after being triturated three times with 
60°% alcohol and dried, appeared to have the composition 
C,,H,.0,,,4CaO,H,O (Found: CaO, 38-4. Cale.: 38-4%). In 
another experiment starting with the same solution, the pre- 
cipitate was shaken with 90% alcohol for 2 hours and then dried 
(Found: CaO, 38-35%). In a third experiment with 5% sucrose 
solution containing 5 g. of lime per litre, the precipitate after three 
triturations with 60% alcohol and drying gave CaO, 58-5 (Calc. for 
C,.H,.0,,,9CaO,H,O : CaO, 58-3%). After repeated triturations 
of this same precipitate with alcohol, the lime content rose (Found : 
CaO, 79-6%). Similar results were obtained with the other pre- 
cipitates, the lime content rising to 80—90%. 

Sucrose-potassium Chloride.—This colourless crystalline compound 
was prepared by mixing solutions of sucrose (1 mol.) and of 
potassium chloride (1 mol.) in the minimum quantities of boiling 
water. The mixture, on cooling over sulphuric acid in a vacuum 





OF THE ALKALINE EARTHS WITH SUGARS. 959 


desiccator, deposited crystals (Found: KCl, 16-5; Cl, 7-8. Cale. 
for Cy,H».0,,,KC1,2H,O : KCl, 16-5; Cl, 7-8%). Violette (Compt. 
rend., 1873, 76, 485) gives the formula C,,H,,.KCIO,,, but without 
any analytical data, and describes the crystals as being isomorphous 
with those of sucrose itself—a very curious coincidence ! 

Monostrontia-monosucrose.—200 C.c. of 20% sucrose solution, in 
which strontia (1 mol.) had been dissolved at 75°, were shaken 
vigorously while being cooled: the hexahydrate was obtained in 
bunches of short, needle-like crystals. If the solution was allowed 
to cool undisturbed, or if seeded with a crystal of strontium hydr- 
oxide, crystals of the latter separated. After drying between filter- 
papers, the product appeared to be the hexahydrate. The solu- 
bility was 43-95 g. per litre at 16°, calculated as C,,H,,.0,,,SrO, and 
the solution showed [a]i* = + 42-09°. Scheibler (N.Z. Riiben- 
zuckerind., 10, 229) gives for the solubility the interpolated figure 
43-9 (Found: H,O, 17:8; SrO, 18-7; C, 32-3; H,4-9. Cale. for 
C,9H 20,,,Sr0,6H,O: H,O, 19:5; SrO, 187%. Cale. for 
CyoHg90,,,8rO0: C, 32-3; H, 49%). In a diffusion experiment 
(compare p. 958) 20 c.c. of solution were placed in a collodion 
membrane suspended in 50 c.c. of conductivity water. The initial 
concentration per 100 c.c. was sucrose 3-28, strontia 0-993 (ratio, 
3°3) and the concentration after 24 hours was sucrose 1-50, strontia 
0-163 (ratio, 9-21). 

Distrontia-monosucrose.—To a boiling, 15% sucrose solution, 
strontia (slightly more than 3 mols.) was added and ebullition con- 
tinued for 2 minutes. (With prolonged boiling, the precipitate 
becomes more difficult to filter.) The clear solution was decanted 
from the precipitate, which was washed with hot 10% strontia 
solution until colourless and then with boiling water, and dried 
between filter-papers or in a vacuum desiccator (Found: SrO, 
| 37-6; C, 26-75; H, 3-4. Cale. for C,,H,.0,,,2Sr0: SrO, 37-7; 
C, 26-2; H, 4.0%). The solubility was found to be 11-89 g. per 
litre at 100° (Sidersky, Bull. Asoc., 3, 240, gives 1 in 84 at the boiling 
point). [a] = + 37-79° for this solution cooled to 15°. The 
dry preparation remains unchanged for a long period, but in 
presence of cold water the white sandy crystals break up, mono- 
strontia-monosucrose and strontium hydroxide being produced. 

In experiments designed to obtain higher strontia-sucroses, 
mixtures of either or both of the above compounds with strontium 
hydroxide were obtained. 

Monobaryta-monosucrose.—This compound appears to be the 
only combination of baryta with sucrose and was obtained in the 
anhydrous state by several methods. (a) To a 5% sucrose solution 
saturated at room temperature with baryta, an equal volume of 
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60% alcohol was added. The white granular precipitate which 
separated was filtered off, washed with 60% alcohol, and dried 
between filter-papers. (b) On boiling the 5% sucrose—baryta 
solution (a), the same precipitate was formed. (c) By shaking a 
saturated solution of sucrose with excess of powdered baryta for 
10 minutes and seeding the filtered liquid with a crystal from a 
previous preparation, a copious crop of monobaryta-monosucrose 
crystals was produced (Found: BaO, 31-1; C, 29-05; H, 4-4. 
Cale. for C,.H,,0,,,BaO : BaO, 30-95; C, 29-1; H, 4.4%). Solu- 
bility, 22-10 g. per litre of solution at 20° (Peligot, Ann. Chim., 
1858, 54, 379, gave 21-0 at 15°). [a]? = + 43-89° for this solution. 
Dr. R. Campbell kindly examined the small crystals and reported 
them to be prismatic in habit, showing straight extinction and very 
weak double refraction. 

In a diffusion experiment (compare p. 958) in which 20 c.c. of 
solution were placed in a collodion membrane suspended in 50 c.c. 
of water, the initial concentration per 100 c.c. was sucrose 1-38, 
baryta 0-62 (ratio, 2-22) and the concentration after 24 hours was 
sucrose 0-67, baryta 0-325 (ratio, 2-08). 

Monolime-monoglucose.—The rapid decomposition of glucose in 
presence of alkali and water renders the preparation of this com- 
pound difficult. Within 1 hour lime (1 mol.) was added to 500 c.c. 
of 5% glucose solution at 0°, the solution filtered, and the filtrate 
mixed with an equal volume of 60% alcohol. The white precipitate 
formed was repeatedly triturated with small volumes of 60% 
aleohol, dried between filter-papers, and ground with absolute 
alcohol several times and finally with ether. It is essential to 
carry out these processes rapidly. Even after drying over phos- 
phoric oxide the compound appears to be the monohydrate (Found : 
CaO, 21-6. Cale. for C,H,,0,,Ca0,H,0: CaO, 22-05%). This 
white amorphous powder remains unchanged for months; but if 
wetted, it decomposes over-night. 

Attempts to isolate other hydrates- gave inconclusive results. 
For instance, after the precipitate first produced when the lime- 
glucose solution and 60% aleohol were mixed had been dried 
between filter-papers, the lime content was 12-0% (Cale. for 
C,H,,0,,Ca0,13H,0: CaO, 11-99%). As mentioned above, by 
treatment with alcohol and ether, this precipitate eventually gives 
a monohydrate when dried over phosphoric oxide. If instead of 
phosphoric oxide, calcium chloride is used, the dihydrate appears 
to be the product (Found : CaO, 20-6. Cale. for C;H,,0,,Ca0,2H,0 : 
CaO, 20-6%). A 5% glucose solution was shaken with excess of 
lime for 15 minutes and rapidly filtered and its rotation and lime 
content were measured. [a] = + 40-5° and CaO, 0-435 g. per 
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100 c.c. of solution. After removal of the lime by precipitation as 
oxalate the solution showed [«]}}’ = 52-3°, whereas the value for the 
original 5% glucose solution was [«]j}° = 52-5°. Owing to the rapid 
decomposition of the solution, no consistent results were obtained 
in solubility measurements. 

Attempts to prepare Compounds of Lime, Strontia, and Baryta 
with a- and 8-Methylglucosides.—a-Methylglucoside, m. p. 165°, 
[x}i* +- 157°, prepared by Fischer’s method as modified by Bour- 
quelot (Ann. Chim., 1915, 3, 298), and 8-methylglucoside, m. p. 108°, 
[x}" — 33°, obtained by Maquenne’s method (Bull. Soc. chim., 
1905, 33, 469), were used in these experiments. 

A mixture of 1-94 g. of «-methylglucoside in 100 c.c. of aqueous 
solution and 0-56 g. of lime was shaken vigorously for 6 hours. 
Alcohol (4 ¢.c.) was added to 5 c.c. of the filtered liquid and the 
gelatinous precipitate was rapidly collected and dried over calcium 
chloride in a vacuum desiccator. A small quantity of lime was the 
ultimate product. From the alcoholic filtrate, «-methylglucoside 
was recovered unchanged. 

The experiment was repeated at 0° and the period of shaking 
extended over a month. It was also performed with a ten times 
more concentrated solution. Acetone was also used in place of 
alcohoi. In each case, the lime and the glucoside were recovered 
unchanged. 

Solutions of the glucoside, saturated at room temperature with 
lime, strontia, and baryta, respectively, were heated to boiling point. 
No visible change was apparent except in the lime solution, which 
became turbid owing to the decreased solubility of lime in hot 
water. 

Measurements of the rotations of the solutions before and after 
the addition of the alkaline earths showed no change. 

Similar experiments with $-methylglucoside produced negative 
results. 

Monolime-monofructose—The hexahydrate was prepared accord- 
ing to Winter’s method (loc. cit.) (Found: CaO, 16-2. Cale. for 
C,H ,.0,,Ca0,6H,O : CaO, 16-3%). The colourless needle-shaped 
crystals were examined by Dr. R. Campbell and found to show 
oblique extinction and feeble double refraction and to be either 
mono- or tri-clinic. In a vacuum desiccator at 9° over concentrated 
sulphuric acid, the hexahydrate loses four molecules of water 
(Found: H,O, 20-9; CaO, 20-6. C,H,,0,,Ca0,6H,0 — 4H,0 re- 
quires HO, 20-9. C,H,,0,,CaO0,2H,O requires CaO, 206%). This 
hydrate is fairly stable and it was not found possible to remove 
all the water. Solubility at 15°, 0-847 g. (calculated as 


CyH.0,,Ca0,H,O) per 100 c.c. [a] = — 39-05°. 
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Efforts to prepare higher lime-fructoses showed the formation of 
precipitates of mixtures of lime and monolime-monofructose. 

8-Methylfructoside and the Hydroxides of the Alkaline Earths — 
B-Methylfructoside was prepared according to the method of Hudson 
and Brauns (J. Amer. Chem. Soc., 1916, 38, 1216). The first inter- 
mediate product—tetra-acetyl fructose—showed m. p. 130° and 
[x]; — 92-5°, whereas Hudson and Brauns’s data are m. p. 120— 
130° and [a] — 92-30°. The next product—tetra-acetyl methyl. 
fructoside—gave m. p. 75° and [a] — 124°, the corresponding 
figures of Hudson and Brauns being 75—76° and —124-6°. The 
8-methylfructoside was obtained in faintly yellow crystals, readily 
soluble in water and in alcohol, and with difficulty in benzene; 
m. p. 119°, [«J§° — 171°. Hudson and Brauns found m. p. 119— 
120° and [a]#” — 172-1°. 

Similar experiments to those done with «- and $-methylglucosides 
were performed (compare p. 961), but no evidence of the formation 
of compounds with the alkaline earths was forthcoming. The 
rotation of solutions of the fructoside was unaffected by the addition 
of the alkaline earths. 

Monolime-monomaltose.—The preparation of this substance was 
carried out in the same manner as that of lime-glucose. The 
amorphous, white powder obtained probably is hydrated and even 
after drying over phosphoric oxide in a vacuum at 0°, still shows 
the presence of water (Found : CaO, 13-8. Cale. for C,.H,.0,,,Ca0 : 
CaO, 14:1%. Cale. for C,,H,.0,,,CaO,H,O: CaO, 13-5%). The 
solubility of the monohydrate is 18-9 g. per litre, and the rotation 
of the saturated solution [«]}}° + 120-4°. The rotation calculated 
for the maltose in the solution is [«]}}' + 146-4°, whereas a pure 
maltose solution shows [«]}> + 137-9°. 

8-Methylmaltoside and the Alkaline Earths.—$-Methylmaltoside 
was prepared according to the method of Koenigs and Knorr (Ber., 
1901, 34, 4343), ten times the quantities employed by these inves- 
tigators being used. A mixture of 500 c.c. of red fuming nitric acid 
and 750 c.c. of chloroform was added to a solution of 50 g. of maltose 
octa-acetate (m. p. 157°), and the whole gently stirred for 2} hours, 
the temperature throughout being kept below —5°. The product 
was then poured on ice, and the chloroform solution separated from 
the water solution and washed successively with water, sodium 
bicarbonate solution and water—all at 0°. After the solution had 
been dried by sodium sulphate, the chloroform was distilled off and 
the residue dissolved in ether. From the ethereal solution there 
separated 27 g. of colourless crystals of acetonitromaltose, m. p. 94° 
(Koenigs and Knorr, 93—94°). 

On further concentration of the mother-liquor, a yellow oil, which 
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became crystalline on standing for two days at 0°, was obtained. 
This product, after recrystallisation from chloroform-ether, showed 
m. p. 178° and [a] initially + 79-3° in chloroform and, after 
addition of a trace of ammonia, finally + 110-4°. The crystals 
were free from nitrogen [Found: CH,°CO, 47-15. Calc. for 
C,9H,,0,,;(CO*CH3),: CH ;°CO, 47-°3%]. Hudson (J. Amer. Chem. 
Soc., 1916, 38, 1871) gives the melting point of maltose hepta- 
acetate as 181° and [a] initial + 67-8°, final + 111°. The hepta- 
acetate appears to have been produced by the hydrolysis of some 
of the acetonitromaltose. 

From 26 g. of acetonitromaltose, 15 g. of hepta-acetylmethyl- 
maltoside were obtained in colourless crystals, m. p. 128°, [«}}}° + 
536° in 2-5% chloroform solution (Koenigs and Knorr, m. p. 129°; 
Hudson, [«]) + 53°8°). 

The deacetylation of 15 g. of hepta-acetylmethylmaltoside by 
Helferich and Becher’s method (Annalen, 1924, 440, 17) gave 
38 g. of crystals, m. p. 105°, [«]f’ + 75-7° in 1-355% aqueous 
solution (Helferich and Becher give m. p. 105° and [«]}}° +- 76°). 

On saturating the methylmaltoside solution with baryta, strontia, 
and lime respectively, a very slight fall in the rotation (0-02°) was 
observed in the first two cases and no change in the last. The 
recovered methylmaltoside was recrystallised from alcchol-ethyl 
acetate: the rotation rose to [«]}?° + 82-5°, the calculated value 
being + 85°. 

Monolime-monolactose.—The preparation was carried out in the 
same manner as that of the maltose compound. No definite 
hydrate was obtained, and decomposition took place when moisture 
was present. The dry substance may, however, be kept for weeks 
without appreciable change (Found: CaO, 13-9. Cale. for 
Ci2H 90,,,CaO : CaO, 14-1%). The solubility of the white amorph- 
ous powder was 18-6 g. per litre of solution, and this solution gave 
[x] + 46-06°. These numbers are, however, only approximately 
correct, decomposition setting in immediately the substance has 
dissolved. 

Efforts to obtain higher lime-lactoses were fruitless. 

8-Methyl-lactoside and the Hydroxides of the Alkaline Earths.— 
Anhydrous lactose was converted into acetobromolactose by Dale’s 
method (J. Amer. Chem. Soc., 1916, 38, 2187). Yield, 60% of the 
theoretical. M. p. 140°. [«]%" in chloroform = + 106-5°. E. and 
H. Fischer (Ber., 1910, 43, 2521) give m. p. 143—144° and [a]}° + 
104-9°. 

From the acetobromolactose, hepta-acetylmethyl-lactoside was 
obtained by the action of methyl alcohol and silver carbonate 
(Ditmar, Monatsh., 1902, 23, 865). The product was without action 
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upon Fehling’s solution, and had m. p. 79—80°, [«]" in chloroform 
= — 8°. Ditmar found m. p. 76—77° and [a] — 6°. Ditmar 
obtained crystals, but our product was not distinctly crystalline. 

The deacetylation was carried out as in the methylmaltoside 
preparation (p. 963). The methyl-lactoside was obtained as a brittle 
glass, m. p. 173°, [a] + 12° (Found: C, 41:3; H, 6-9; OMe, 
7:8. Cale. for C,,.H,,0,,Me,H,0: C, 41-7; H, 7-0; OMe, 8-3%). 
Fehling’s solution was unaffected by the product. Ditmar found 
m. p. 171° and Hudson calculated [a], = -+- 6°. The rotation of the 
aqueous solution was unaffected by the addition of lime, strontia, 
or baryta, and no alkaline-earth methyl-lactoside was isolated. 


Our thanks are due to the Moray Bequest for a grant in aid of 
the above research. 
UNIVERSITY OF EDINBURGH. [Received, January 29th, 1929.} 





CXXVIII.—Strychnine and Brucine. Part VIII, The 
Action of Hydriodic Acid on Strychnidine. Di- 
hydrostrychnidine (B) and Substances derived 
therefrom. 


By Wir11am HENRY PERKIN, jun., and Rospert Rosrnson. 


In Part VI (J., 1927, 2389) of this investigation it was shown that 
strychnine, dissolved in dilute acetic acid, is reduced by hydrogen 
in the presence of palladium with the formation of dihydrostrychnine, 
Cy, H,02Np. 

This substance, on electrolytic reduction, yields dihydrostrych- 
nidine (A), C,,H,,ON,, m. p. 214°, and hexahydrostrychnine (A), 
C,,H,,0,N,, just as strychnine, under the same conditions, is 
reduced to strychnidine, C,,H,,ON,, and tetrahydrostrychnine, 
Cy,H.,0.N, (Tafel, Annalen, 1898, 301, 301). Furthermore di- 
hydrostrychnine (A) and hexahydrostrychnine (A) were obtained by 
the catalytic reduction of strychnidine and tetrahydrostrychnine, 
respectively. In describing these changes it was stated in a foot- 
note that a second dihydrostrychnidine, C,,H,,0N,, m. p. 151°, had 
been obtained from strychnidine by reduction with hydriodie acid 
in the presence of phosphorus. This substance, which we have 
named dihydrostrychnidine (B), is the principal substance dealt 
with in the present communication. In investigating the complex 
changes which dihydrostrychnidine (B) undergoes when it is treated 
with various reagents, it has been found necessary to carry out 
comparative experiments with strychnidine, dihydrostrychnidine 
(A), methoxymethyltetrahydrostrychnidine (J., 1927, 167) and other 
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allied substances, and the description of these experiments is also 
included. 

The conversion of strychnidine into dihydrostrychnidine (B) is 
brought about by long boiling with fuming hydriodie acid and 
phosphorus, but the investigation has unfortunately been rendered 
difficult, and is consequently not so complete as could be desired, 
by reason of the fact that, in contrast with dihydrostrychnidine (A), 
dihydrostrychnidine (B) is very readily soluble in the usual organic 
solvents and therefore difficult to obtain in crystalline condition 
from the gummy product of the reduction. When, however, the 
substance is pure, it separates from acetone or ether in thick prisms. 
It does not yield an acetyl derivative, neither does it combine with 
hydroxylamine or with benzaldehyde. It is not reduced by boiling 
with sodium and alcohol, in this respect resembling dihydrostrych- 
nidine (A), which also-is not susceptible to further reduction. 
Dihydrostrychnidine (B) is a strong base, yielding with hydro- 
chloric acid the monohydrochloride, C,,H,g0N,,HC1,3H,0, but 
when a solution of the sulphate is mixed with sodium iodide the di- 
hydriodide, C,,H,,ON,,2HI, separates ; this is decomposed by boiling 
methyl alcohol into hydriodic acid and the monohydriodide. The 
behaviour of the base towards methyl sulphate is similar to that 
of the isomeride (A), since it yields the monomethosulphate, 
C,,H,g0N.,Me,SO,, at the ordinary temperature, but is converted 
into the dimethosulphate, C,,H,,O0N,,2Me,SO,, when its solution 
in benzene is boiled with methyl sulphate. The conversion of these 
derivatives into the corresponding methiodides and methochlorides 
and dimethiodides and dimethochlorides as well as their formation 
from the base by the direct action of methyl iodide, etc., is described 
in the experimental section (pp. 975—980). 

The study of the oxidation of dihydrostrychnidine (B), C,,H,,ON,, 
in moist acetone solution by permanganate has yielded interesting 
results. The main product is a substance, C,,H,,0,N,, m. p. 196°, 
which, for reasons mentioned below, has been named dihydro- 
strychnine (B) and is characterised by the fact that its solution in 
dilnte sulphuric acid gives, like strychnine, an intense blue coloration 
with dichromate. It yields well-defined salts and derivatives, of 
which the hydriodide,C,,H,,0,N,,HI, the methiodide,C,,H,,0.N>,Mel, 
the methochloride and methobromide have been prepared and ex- 
amined. It is also sharply characterised by its conversion into a 
very sparingly soluble, beautifully crystalline benzylidene derivative, 
C,,H,,0,N., when its solution in aleqhol is treated with benzaldehyde 
and sodium ethoxide. Dihydrostrychnine (B) is readily hydrolysed 
by sodium ethoxide at 100° and, on acidification with hydrochloric 
acid, the hydrochloride of dihydrostrychnic acid (B) separates in a 
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crystalline condition. This is decomposed by ammonia with the 
separation of the free acid, C,,H,,0,N., which melts at 285° with 
elimination of water and regeneration of dihydrostrychnine (B), a 
series of changes reminiscent of the conversion of strychnine into 
strychnic acid and the regeneration of the base from the latter by 
the action of heat. 

This behaviour clearly proves that the oxidation product of 
dihydrostrychnidine (B) contains the group >N-CO- and the 
reactions of the substance (see p. 981) show that it is the group 
>N(a)-CH,- and not the group >N(b)-CH,- that has been trans. 
formed (compare J., 1928, 3087, 3090). A substance containing 
>N(a)-CH,~ and >N(b)-CO- would be expected to show the 
reactions of the strychnidine type, whereas an isomeride containing 
>N(a)-CO- and >N(6)-CH,- would resemble strychnine. Actually 
the substance C,,H,,0,N,, m. p. 196°, shows the characteristic 
reactions of strychnine and fails to exhibit those characteristic of 
strychnidine. 

Dihydrostrychnine (B) is unchanged by reagents for the carboxy] 
and hydroxyl groups and it is therefore evident that its condensation 
with benzaldehyde must involve the change >N(a)*CO-CH,- —> 
>N(a)-CO-C:CHPh, and it is worthy of note that such a process 
should be so facile. Analogies are forthcoming in the well-known 
ready formation of the arylidene derivatives of oxindole and in the 
condensation of derivatives of piperidone with reactive esters such 
as ethyl oxalate, ethyl cinchoninate, or ethyl nicotinate (Ruzicka, 
Helv. Chim. Acta, 1921, 4, 472, 482, 486; compare also Spath and 
Bretschneider, Ber., 1928, 61, 327). 

The above interpretation of the nature of dihydrostrychnine (B) 
and the discovery of its benzylidene derivative suggested that di- 
hydrostrychnine (A) and strychnine itself also might condense with 
benzaldehyde, and this was found to be indeed the case. A detailed 
account of these accessible strychnine derivatives, important on 
account of the new breach in the defences against oxidising agents, 
is reserved, but we have included a brief description of benzylidene- 
strychnine in this communication. The formation of this substance 
proves that strychnine contains the group >N(a)-CO-CH,-, and this 
was not previously known with certainty. 

Dihydroisostrychnine does not, however, appear to condense with 
benzaldehyde to form a characteristic derivative analogous to the 
benzylidenedihydrostrychnines (A) and (B). This would be 
explicable if the strychnine-isostrychnine change involved the 
transformation 


ale 
>N(a)-CO-CH,—CH —> >N(a)-CO-CH=C< 
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This simple change is difficult to bring into line with the fact that 
dihydroisostrychnine does not absorb hydrogen in the presence of 
palladium (compare Part VI, loc. cit., p. 2398) and in order to 
accommodate this observation we have considered the possibility 
that a further ring-fission occurs, giving a true pyridone which 
might well offer resistance to catalytic hydrogenation. The scheme 
given below on the basis of one of the formulz * recently discussed 
(J., 1928, 3089) has the advantage that it explains why the strych- 
nine-isostrychnine change has no parallel among strychnidine 
derivatives and it also serves to relate this change to the formation 
of brucinolone. 


CH, 
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OH, GH, CH, OH, 
N CH o CH-CH:CH-CH,:0H 
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Ga a, 98 \g 7 Non, H, Hog 

CH. poe /O —-  % 
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The conversion of dihydrostrychnine (A) into dihydroiso- 
strychnine can be represented in an entirely similar manner and 
the assumption that either a saturated or an unsaturated group 
can break away from the potential pyridone nucleus does not 
involve any theoretical difficulty. It is analogous to the migrations 
of saturated alkyl or unsaturated aryl groups in molecular re- 
arrangements. Preliminary experiments on the oxidation of 
dihydrostrychnidine (A) (Part VI, J., 1927, 2399) with permanganate 
suggest that this substance behaves similarly to the isomeride (B) 
only in regard to the composition of the product, since it yields 
ocydihydrostrychnidine (A), Cy,H,O,N,, m. p. 345°, a substance 
which has not yet been further investigated but is clearly not 
identical with dihydrostrychnine (A). 

When dihydrostrychnine (B), m. p. 196°, is treated with hydrogen 

* The point of attachment of the ether oxygen given in the formule put 
forward in this memoir was based on a misapprehension of the facts and 
requires modification. The heterocyclic ring should be 6-membered and the 
oxygen should be joined to C 17 and not to C 18, because Leuchs and his 
collaborators found that the brucinolone, which is the primary product of 
the decomposition of brucinolic acid, contains the group >N-CO-CH:C<. 
In subsequent changes the ethylene linkage moves into the fy-position and 
then back again into the position indicated; the change is accompanied by 


another transformation in some other portion of the molecule.—R. C. F., 
W. H. P., R. R. 
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peroxide in the presence of methyl-alcoholic potassium hydroxide, 
it is converted into dioxydihydrostrychnic acid (B), C,,H,,0,N,, 
which crystallises well from water but has so far been obtained in 
such minute quantities that further examination has been impossible, 

The methochlorides and dimethochlorides of dihydrostrychnidine 
(B) undergo a very interesting decomposition when they are heated 
with methyl-alcoholic potassium hydroxide, the main product 
being methoxymethyltetrahydrostrychnidine (B), C3H3,0,N>, m. p. 
180—181°, a highly characteristic substance which, for this reason, 
has been investigated in considerable detail. 

If the simplest case of this decomposition, namely, the formation 
of the methoxy-derivative from the monomethochloride of di- 
hydrostrychnidine (B), is considered, it is seen that the change 
may be represented in the simple manner, C,,H,,O0N,,MeCl + 
MeOK ——> C,,H,,0,N, + KCl, and it will at once be evident that 
this curious change is reminiscent in. many ways of the corre. 
sponding conversion of strychnidine methochloride (or the metho- 
sulphate) into methoxymethyldihydrostrychnidine (J., 1927, 1602) 
under the same conditions. In both cases it may be assumed that 
the decomposition takes place essentially according to the scheme 


>N-C- —>>NMe Me0-CZ, 


rupture of the corresponding strychnidine ring taking place during 
the process. The strychnidine-type reactions of dihydrostrychnidine 
methochloride prove that all these changes occur at N(b). In accord. 
ance with this scheme, methoxymethyltetrahydrostrychnidine (B) 
contains a methoxy-group and a methyl group attached to nitrogen 
N(d), and the substance which it most closely resembles in pro- 
perties and possibly also in structure is the isomeric methoxy- 
methyltetrahydrostrychnidine, m. p, 220°, described in Part IV of 
this investigation (loc. cit., p. 1617). The two substances have these 
properties in common: they are remarkably sparingly soluble in 
the usual organic solvents, they may be distilled under reduced 
pressure without decomposition, and they exhibit no tendency to 
lose methyl alcohol when boiled with dilute sulphuric acid (compare 
the behaviour of methoxymethyldihydrostrychnidine, loc. cit., p. 
1610). Methoxymethyltetrahydrostrychnidine (B) is not s0 
strongly basic as dihydrostrychnidine (B), since it does not combine 
with benzyl chloride, but it yields well-characterised salts such, for 
example, as the hydriodide, C,;H3,0,N,,HI, and the methosulphate, 
C.3H3,0,N.,Me,S0,, and combines readily with methyl iodide to 
yield the methiodide, m. p. 235—238° (decomp.), a substance which 
is decomposed on heating into methyl iodide and the base. Whena 
solution of the base in benzene is boiled with methyl sulphate the 
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dimethosulphate’ is obtained, and from this: the dimethiodide, 
(gH gg0gN,,2MeI, m. p. 205—210°, and the dimethochloride are 
obtained. 

The oxidation of methoxymethyltetrahydrostrychnidine (B) in 
acetone solution by means of permanganate has yielded unexpected 
results. The main product is a base, C,;H,,0,N,, m. p. 154°, which 
contains a MeO but no >NMe group and there can be no doubt that 
this substance is produced by the conversion of the >NMe group in 
methoxymethyltetrahydrostrychnidine (B) into >N-CHO, and that 
the substance of m. p. 154° is formylmethoxytetrahydrostrychnidine (B). 

This view is supported by the fact that, although the substance 
distils to some extent unchanged under 1 mm., it is largely decom- 
posed in these circumstances with loss of CO and formation of 
methoxytetrahydrostrychnidine (B), Cyg3H3,0,N,, m. p. 152°. This 
substance is also produced when the formy] derivative is boiled with 
dilute sulphuric acid, elimination of formic acid taking place. 
Methoxytetrahydrostrychnidine (B) is a secondary base and when 
treated with methyl iodide yields the hydriodide of methoxymethy]l- 
tetrahydrostrychnidine (B), as is proved by the fact that a solution 
of the product in water is decomposed by dilute aqueous ammonia 
with the separation of this base. 

It has been pointed out above that there is some similarity 
in properties between methoxymethyltetrahydrostrychnidine (B), 
m. p. 180°, and the isomeric substance, methoxymethyltetrahydro- 
strychnidine (m. p. 220°) described in Part IV of this series (J., 
1927, 1617) and we therefore thought that it would be interesting to 
find out whether oxidation of the latter isomeride would proceed 
in the direction just described in the case of the former. Un- 
fortunately, owing perhaps partly to its insolubility in cold acetone, 
the oxidation of the isomeride, m. p. 220°, takes place with difficulty 
and leads mainly to gummy products. There were indications that 
minute quantities of a formyl derivative were produced, but we were 
unable to obtain this substance in a pure state so as to make a 
comparison with formylmethoxytetrahydrostrychnidine (B) possible. 
In some other respects methoxymethyltetrahydrostrychnidine (B) 
(m. p. 180°) behaves in a different manner from the isomeride 
(m. p. 220°). 

When the hydriodide of the substance, m. p. 180°, is heated in 
the dry state it loses methyl alcohol and yields the methiodide of 
dihydrostrychnidine (B), and the same decomposition takes place 
almost quantitatively when the base is boiled with hydriodic acid 
(p. 988). This change, which clearly takes place according to the 
scheme 


>NMe Me0-C¢é + HI = >N(Mel)Cé + MeOH, 
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is the reverse of that which occurs when dihydrostrychnidine (B) 
is converted, by the action of alcoholic potash on its methochloride, 
into methoxymethyltetrahydrostrychnidine (B). When the hydr. 
iodide of the isomeride, m. p. 220°, is heated, a change similar to 
that shown above takes place (compare Part IV, J., 1927, 1618; 
Part VI, ibid., p. 2410), but the yield is extremely small and pre. 
liminary experiments on the action of boiling hydriodic acid on 
the base seem to show that in this case also the transformation takes 
place with difficulty and only to a small extent. It is difficult to 
understand why the two isomerides, m. p. 180° and 220°, should 
show such very different behaviour in these and some other parallel 
circumstances. 

In describing the action of methyl-alcoholic potash on the 
methochloride or dimethochloride of dihydrostrychnidine (B) 
(p. 985), it is shown that the product of this decomposition 
consists essentially of methoxymethyltetrahydrostrychnidine (B) 
(m. p. 180°). The mother-liquors which had accumulated from 
many preparations of this substance contained some dihydro- 
strychnidine (B) and two new substances, namely, methyl-s-strych- 
nidine (B)* (m. p. 225°) and dihydrostrychnidine (C) (m. p. 134°), 
isomeric with (A) (m. p. 212°) and (B) (m. p. 151°). The formation 
of dihydrostrychnidine (B) from its methochloride by the action of 
methyl-alcoholic potash is clearly due simply to the removal of 
methyl chloride, and this takes place only to a very small extent. 
A similar change occurs quantitatively when the methochloride of 
dihydrostrychnidine (C) is heated with methyl-alcoholic potash (see 
below). Methyl--strychnidine (B), C.,H,g,ON, (m. p. 225°) is a 
sparingly soluble substance yielding a well-crystallised dimethiodide, 
CygH,gON,,2Mel, and a solution of the dimethochloride exhibits a 
very characteristic behaviour on evaporation, becoming intensely 
purple. Dihydrostrychnidine (C), C,,H,,ON, (m. p. 134°), 
cerystallises from ether in brilliant prisms which Dr. T. V. Barker 
has kindly examined and measured. On treatment with methyl 
iodide, it gradually yields a dimethiodide, C,,H,,0N,,2Mel; the 
dimethochloride, obtained from this by the action of silver chloride, 
is completely decomposed on heating with methyl-alcoholic potash, 
with regeneration of dihydrostrychnidine (C). 

It is evident from the results recorded above that the differences 
existing between dihydrostrychnidines (A) and (B) either are 
stereochemical or more probably originate in an isomeric change of 


* In proposing this name in order to distinguish the new base, we do not 
imply that there is necessarily any structural relation or analogy with the 
compound previously termed methyl-¢-strychnidine. 
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the ring system under the influence of the drastic treatment to which 
the base is subjected. 

The change might be in the position of a bridge ring, in the 
shift of a link so that a fused 5-ring : 6-ring system becomes 6-ring : 5- 
ring, or in a buckling or ring contraction such that, for example, 
-CH,°CH,- becomes ~-CHMe- and a 6-ring becomes a 5-ring. The 
formation of benzylidenedihydrostrychnine (B) shows that this 
contraction, if it occurs, does not affect the group >N(a)-CH,-CH,-. 
We have no clue to the precise nature of the isomerism, but the 
behaviour of methoxymethyltetrahydrostrychnidine (B) towards 
hydriodic acid indicates that the heterocyclic system including 
>N(b)- is more stable in dihydrostrychnidine-(B) than in its 
isomeride (A). 

Pursuing this line of argument, it would appear that the system 
in dihydrostrychnidine (C) is more stable still, because in this 
case the ring cannot be opened at all. 

These conclusions are not easy to utilise in any definite manner, 
but they do imply that the strychnine carbon skeleton must be such 
that it can be modified in two ways so as to reach its most stable 
arrangement. Such modifications may be collateral or consecutive. 

This communication also contains a short account of some new 
derivatives of strychnidine which are at present under examination. 

The preparation of strychnidine dimethosulphate, 

C,,H,,0N,,2Me,S0,, 
is described and its conversion into the corresponding dimethiodide 
and dimethochloride, and also the preparation of strychnidine benzyl- 
chloride, Cy,H,,ON,,C,H,Cl, and its conversion by the action 
of methyl-alcoholic potash into methorybenzyldihydrostrychnidine, 
C9H,,0,No. 
EXPERIMENTAL. 

Preparation of Dihydrostrychnidine (B), C.,H,g,0N Carefully 
purified strychnidine (25 g.) is mixed with hydriodic acid (100 c.c. ; 
d1-94) and amorphous phosphorus (8 g.) in a flask fitted with a 
wide ground-in condenser, and the mixture is gradually heated on a 
sand-bath and then boiled for 24 hours, care being taken to avoid 
stoppage of the condenser tube by phosphonium iodide. The 
almost colourless liquid, after filtering through asbestos to remove 
any phosphorus, is mixed with saturated sulphurous acid (100 c.c.), 
causing the separation of a thick brown paste. On the addition of 
water (500 c.c.) and thorough shaking, the brown precipitate 
becomes yellow. When the liquid is now boiled, much of the pre- 
cipitate dissolves and the whole becomes colourless. After cooling, 
the clear solution is filtered from an insoluble iodide (8-10 g.; not 
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further examined), made strongly alkaline with caustic potash, and 
extracted three times with ether; the ethereal solution is well 
washed several times with water (A; see below), dried over potass. 
ium carbonate, and evaporated; a pale yellow gum (13 g.) then 
remains, which on standing becomes a partly crystalline sticky mass, 
The separation of pure dihydrostrychnidine (B) from the crude 
product, owing to its small tendency to crystallise when in this 
condition, is a tedious process, but may be done in either of the 
following ways. 

(i) The well-dried concentrated solution in pure ether is left ina 
closed flask in the ice-chest for several days in contact with a few 
crystals of the substance. A pale yellow crust of prisms gradually 
forms and this is recrystallised several times from pure dry ether 
until the substance melts at 145—148°. 

(ii) The crude product is digested with a large volume of petrol. 
eum (b. p. 60—80°), and the solution is filtered, concentrated, and 
kept in the ice-chest; the crystalline crust that gradually forms is 
recrystallised until the pale yellow prisms melt at 145—148°. 
In view of the fact that the base is almost insoluble in water it is 
very difficult to understand why, during the washing of the ethereal 
solution of the crude base with water, about 25° of the substance 
passes into the washings (A). When these are concentrated by 
distillation under reduced pressure and then by evaporation on the 
steam-bath, a syrup separates which sets to a resin on cooling. This 
is washed and dissolved in pure ether and the solution is dried over 
potassium carbonate, concentrated, and left in the ice-chest; 
a crust of colourless glistening prisms then gradually separates which 
after recrystallisation melts at 146—148° and consists of dihydro- 
strychnidine (B) (Found: C, 78-3; H, 8-3%. See below). 

In eitiaer case (i) or (ii), the mother-liquors are evaporated and the 
viscid syrup is distilled; almost the whole passes over at 225— 
227°/0-2 mm. and treatment with petroleum then gives a further 
small quantity of the crystalline base. The distillation and the 
treatment with petroleum are continued until there is no further 
crystallisation. It is curious that the final syrup gives analytical 
numbers agreeing closely with those required for the formula 
C.,H,g,ON, (Found: C, 78-2; H, 8-5%) and is converted into the 
dimethiodide of dihydrostrychnidine (B) (compare p. 977) when a 
solution in methyl alcohol is boiled with a large excess of methyl 
iodide. 

Dihydrostrychnidine (B) crystallises in brilliant colourless prisms 
which do not melt quite sharply but usually soften at 145° and are 
molten at 151° (Found: C, 77-9, 783; H, 8-1, 82; N, 8% 
C,,H,,ON, requires C, 78-2; H, 8-1; N, 8-7%). It is unfortunate 
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that the facets of the crystals are not sufficiently well developed to 
allow of accurate crystallographical measurement. The base is very 
soluble in alcohol or benzene, less soluble in acetone or ether, and 
almost insoluble in water. It crystallises well from acetone but 
appears to suffer some change on long boiling with this solvent; 
from ether it separates usually in short, hard, glistening prisms but 
sometimes in groups of striated needles. It is a strong base and a 
solution in dilute sulphuric acid gives (i) with dichromate at first a 
faint red colour, deepening on standing or warming to reddish- 
brown, and (ii) with nitrite an orange colour rapidly becoming brown. 
The base, dissolved in very dilute hydrochloric acid, gives with ferric 
chloride no coloration at first, but gradually a pink colour develops 
which becomes crimson on warming. A solution in dilute acetic 
acid combines with diazobenzenesulphonic acid to give a yellow 
solution, becoming intensely crimson on addition of hydrochloric 
acid. 

In order to determine whether dihydrostrychnidine (B) contains a 
keto-group, its behaviour (i) with hydroxylamine, (ii) towards 
sodium and alcohol, and (iii) towards electrolytic reduction was 
investigated. 

(i) The base (2 g.), dissolved in alcohol, was mixed with hydroxyl- 
amine hydrochloride (5 g.) and sodium acetate (5 g.) and boiled 
under reflux for 2 hours. The reaction mixture was kept over the 
week-end, caustic potash then added, and the whole extracted with 
ether. The washed and dried ethereal solution deposited, on con- 
centration, the unchanged base in prisms (1-5 g., m. p. 145—147°). 

(ii) Sodium (20 g.) was rapidly added to a solution of the base 
(10 g.) in boiling alcohol (350 c.c.). When the whole of the sodium 
had dissolved, water was added, the base extracted with ether, the 
ethereal solution well washed, dried over potassium carbonate, and 
evaporated, and the colourless syrup distilled. The whole passed 
over at 225—230°/0-4 mm. When it was dissolved in a little ether 
and left in the ice-chest in contact with a crystal of the original 
base, a crust of crystals of the unchanged substance, m. p. 145— 
147°, gradually separated (Found: C, 78-4; H, 8-3%). 

(iii) The base, dissolved in 10% sulphuric acid, was placed in the 
electrolytic apparatus described in Part IV (J., 1927, 1600), and a 
current of 5 amps. passed for 12 hours. The colourless solution 
was mixed with caustic.soda and extracted with ether, the ethereal 
solution dried over potassium carbonate and concentrated, and the 
base distilled. Almost the whole passed over at 225—230°/0-4 mm. 
as a colourless syrup; a concentrated solution of this in ether, left 
in the ice-chest, gradually deposited a crust of crystals of the un- 
changed base, m. p. 145—147°. 
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In order to determine whether dihydrostrychnidine (B) is capable 
of yielding an acetyl derivative, the base (2 g.) was digested under 
reflux on the steam-bath with anhydrous sodium acetate (2 g.) and 
acetic anhydride (6 c.c.) for 4 hours. The product was mixed with 
ice and left in the ice-chest over-night, but nothing separated even 
after addition of an excess of sodium bicarbonate. The whole was 
made strongly alkaline with potassium hydroxide and extracted 
with ether: from the dried and concentrated extract the unchanged 
base separated. 

Attempts to condense dihydrostrychnidine (B) with aldehydes 
were made under the following conditions. The base (1 g.), dis. 
solved in alcohol, was mixed with benzaldehyde (2 c.c.) and a few 
drops of concentrated sodium ethoxide solution and left over-night. 
The pasty product was heated in the water-bath for 4 hour, mixed 
with water, and extracted with ether, and the ethereal solution was 
well washed, dried over potassium carbonate, and concentrated; 
the unchanged base then separated in colourless prisms, m. p. 
145—147°. The effect of the treatment with benzaldehyde had 
been merely to remove a trace of colouring matter. Similar results 
were obtained in experiments in which the benzaldehyde was re- 
placed by piperonal and by salicylaldehyde. 

Dihydrostrychnidine (B) hydrochloride, C,,H,gO0N,,HCI,3H,0, 
separates from concentrated aqueous solution in needles and is 
very soluble in water. The air-dried substance lost 10-2% at 100° 
and then gave C, 67-3; H, 8-0; N,7-6; Cl, 9-4(C,,H,,0N,,HCI1,3H,0, 
losing 2H,O, requires loss, 9:7%. C,,H,,ON,,HCI,H,O requires 
C, 67-1; H, 8-0; N, 7-7; Cl, 95%). Dried at 100°, the hydro- 
chloride melts at 123° with vigorous decomposition. Addition 
of ammonia to a dilute solution of the hydrochloride precipitates 
the base as a caseous mass which melts under water and only 
slowly crystallises. A concentrated ethereal solution gradually 
deposits the base in prisms, m. p. 144—147°. 

The dihydriodide and monohydriodide. A solution of dihydro- 
strychnidine (B) in dilute sulphuric acid containing a little sulphurous 
acid was heated to boiling, and sodium iodide then added in excess; 
the clear solution obtained, on cooling and rubbing, deposited minute 
colourless warts, which, after being washed and left on porous 
porcelain, became sticky on the steam-bath (Found, after drying 
over sulphuric acid in a vacuum : C, 42-9; H, 5-0. C,,;H,,ON,,2HI 
requires C, 43-6; H, 48%). This dihydriodide is readily soluble in 
hot water and sparingly soluble in cold methyl alcohol. After it 
has been boiled with the latter solvent for some minutes, a mass of 
soft needles of the monohydriodide separates, the boiling with methy! 
alcohol having removed hydrogen iodide (Found in substance 
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dried at 105°: C, 55-8; H, 6-6. C,,H,,ON,,HI requires C, 56-0; 
H, 60%). This hydriodide melts at about 235—240° (efferv.) and 
isreadily soluble in, but does not appear to combine with, chloroform. 
When it is boiled with water (in which it is sparingly soluble) and 
silver chloride and the filtered solution is concentrated, the hydro- 
chloride described above separates. 

The methosulphate (a). When a solution of dihydrostrychnidine 
(B) (8 g.) in carefully dried benzene (50 c.c.) was mixed at 10° with 
freshly distilled methyl sulphate (4 c.c.), it clouded immediately 
and became warm and a jelly separated on the sides of the flask. 
The benzene layer was at once poured off and the jelly washed 
with benzene; it then rapidly crystallised. After contact with 
porous porcelain and drying over sulphuric acid in a vacuum, the 
colourless mass contained 8, 7-6 (C,,;H,gO0N,,Me,SO, requires S, 
7:2%). This methosulphate is very soluble in warm water and on 
addition of sodium iodide the cloudy liquid deposits a jelly which 
soon becomes crystalline when warmed on the steam-bath. This 
methiodide (a) separates from water, in which it is rather sparingly 
soluble, in brilliant groups of needles which gradually change to 
heavy, detached, striated prisms; the mother-liquor, on remaining 
exposed to the air, deposits the same substance in large crystals. 
It melts at 340—345° (decomp.),* is almost insoluble in cold acetone, 
but is moderately readily soluble in hot methyl alcohol, separating 
in prismatic needles (Found : C, 57-3; H, 6-1; N, 6-1. C,,;H,,ON,,Mel 
requires C, 56-9; H, 6-2; N, 60%). This methiodide is identical 
with the substance obtained by the action of methyl-alcoholic 
potash on dihydrostrychnidine (B) dimethiodide (A) (p. 979) and 
most of the material was made by that process. It is also identical 
with the substance obtained by the action of heat on the hydriodide 
of methoxymethyltetrahydrostrychnidine (B) (p. 988). Its most 
characteristic property is its behaviour with chloroform, in which 
the finely powdered substance dissolves completely in the cold; on 
standing, or much more rapidly on warming, crystallisation sets in 
with the separation of the sparingly soluble additive derivative. 
This was collected, washed with chloroform, and left on porous 
porcelain exposed to the air for a few minutes (Found: loss on 
heating at 100°, 20-2; C, 47-9; H, 5-6. C.,H,ON,I,CHCl, requires 
CHCl,, 20°4; C, 47-3; H, 5-2%). This substance gradually loses 
chloroform on exposure to air and much more rapidly over sulphuric 
acid in a vacuum; in the latter case after 12 hours the substance 
contained only 15-7% of chloroform. 


* The melting points of the methiodides described in this series of papers 
vary very much with the rapidity of heating and the determinations were 
always made rapidly in an electrically heated m. p. apparatus (Mason). 
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In order to determine whether dihydrostrychnidine (B) is capable 
of yielding an acetyl derivative, the base (2 g.) was digested under 
reflux on the steam-bath with anhydrous sodium acetate (2 g.) and 
acetic anhydride (6 c.c.) for 4 hours. The product was mixed with 
ice and left in the ice-chest over-night, but nothing separated even 
after addition of an excess of sodium bicarbonate. The whole was 
made strongly alkaline with potassium hydroxide and extracted 
with ether: from the dried and concentrated extract the unchanged 
base separated. 

Attempts to condense dihydrostrychnidine (B) with aldehydes 
were made under the following conditions. The base (1 g.), dis- 
solved in alcohol, was mixed with benzaldehyde (2 c.c.) and a few 
drops of concentrated sodium ethoxide solution and left over-night. 
The pasty product was heated in the water-bath for } hour, mixed 
with water, and extracted with ether, and the ethereal solution was 
well washed, dried over potassium carbonate, and concentrated; 
the unchanged base then separated in colourless prisms, m. p. 
145—147°. The effect of the treatment with benzaldehyde had 
been merely to remove a trace of colouring matter. Similar results 
were obtained in experiments in which the benzaldehyde was re- 
placed by piperonal and by salicylaldehyde. 

Dihydrostrychnidine (B) hydrochloride, C,,H,g,0N,,HCI,3H,0, 
separates from concentrated aqueous solution in needles and is 
very soluble in water. The air-dried substance lost 10-2% at 100° 
and then gave C, 67-3; H, 8-0; N,7-6; Cl, 9-4(C,,H,g,0N,,HCI1,3H,0, 
losing 2H,O, requires loss, 9:-7%. C,,H,gON,,HCI,H,O requires 
C, 67-1; H, 8-0; N, 7-7; Cl, 95%). Dried at 100°, the hydro- 
chloride melts at 123° with vigorous decomposition. Addition 
of ammonia to a dilute solution of the hydrochloride precipitates 
the base as a caseous mass which melts under water and only 
slowly crystallises. A concentrated ethereal solution gradually 
deposits the base in prisms, m. p. 144—147°. 

The dihydriodide and monohydriodide. A solution of dihydro- 
strychnidine (B) in dilute sulphuric acid containing a little sulphurous 
acid was heated to boiling, and sodium iodide then added in excess; 
the clear solution obtained, on cooling and rubbing, deposited minute 
colourless warts, which, after being washed and left on porous 
porcelain, became sticky on the steam-bath (Found, after drying 
over sulphuric acid in a vacuum : C, 42-9; H, 5-0. C,,H,,ON,,2HI 
requires C, 43-6; H, 48%). This dihydriodide is readily soluble in 
hot water and sparingly soluble in cold methyl alcohol. After it 
has been boiled with the latter solvent for some minutes, a mass of 
soft needles of the monohydriodide separates, the boiling with methyl 
alcohol having removed hydrogen iodide (Found in substance 
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dried at 105°: C, 55-8; H, 6-6. C,,H,,ON,,HI requires C, 56-0; 
H, 60%). This hydriodide melts at about 235—240° (efferv.) and 
isreadily soluble in, but does not appear to combine with, chloroform. 
When it is boiled with water (in which it is sparingly soluble) and 
silver chloride and the filtered solution is concentrated, the hydro- 
chloride described above separates. 

The methosulphate (a). When a solution of dihydrostrychnidine 
(B) (8 g.) in carefully dried benzene (50 c.c.) was mixed at 10° with 
freshly distilled methyl sulphate (4 c.c.), it clouded immediately 
and became warm and a jelly separated on the sides of the flask. 
The benzene layer was at once poured off and the jelly washed 
with benzene; it then rapidly crystallised. After contact with 
porous porcelain and drying over sulphuric acid in a vacuum, the 
colourless mass contained S, 7-6 (C,,H,,ON,,Me,SO, requires §, 
7:2%). This methosulphate is very soluble in warm water and on 
addition of sodium iodide the cloudy liquid deposits a jelly which 
soon becomes crystalline when warmed on the steam-bath. This 
methiodide (a) separates from water, in which it is rather sparingly 
soluble, in brilliant groups of needles which gradually change to 
heavy, detached, striated prisms; the mother-liquor, on remaining 
exposed to the air, deposits the same substance in large crystals. 
It melts at 340—345° (decomp.),* is almost insoluble in cold acetone, 
but is moderately readily soluble in hot methyl alcohol, separating 
in prismatic needles (Found : C, 57-3; H, 6-1; N, 6-1. C.,H,,ON,,Mel 
requires C, 56-9; H, 6-2; N, 6-0%). This methiodide is identical 
with the substance obtained by the action of methyl-alcoholic 
potash on dihydrostrychnidine (B) dimethiodide (A) (p. 979) and 
most of the material was made by that process. It is also identical 
with the substance obtained by the action of heat on the hydriodide 
of methoxymethyltetrahydrostrychnidine (B) (p. 988). Its most 
characteristic property is its behaviour with chloroform, in which 
the finely powdered substance dissolves completely in the cold; on 
standing, or much more rapidly on warming, crystallisation sets in 
with the separation of the sparingly soluble additive derivative. 
This was collected, washed with chloroform, and left on porous 
porcelain exposed to the air for a few minutes (Found: loss on 
heating at 100°, 20-2; C, 47-9; H, 5-6. C,,H,,ON,I,CHCI, requires 
CHCl, 20°4; C, 47-3; H, 52%). This substance gradually loses 
chloroform on exposure to air and much more rapidly over sulphuric 
acid in a vacuum; in the latter case after 12 hours the substance 
contained only 15-7% of chloroform. 

* The melting points of the methiodides described in this series of papers 


vary very much with the rapidity of heating and the determinations were 
always made rapidly in an electrically heated m. p. apparatus (Mason). 
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The methochloride (a) was obtained by grinding the methiodide 
(a) to a paste with warm water and digesting the mass with a large 
excess of silver chloride and water on the steam-bath for 2 hours. 
The solution was evaporated to a small bulk and left over sulphuric 
acid in a vacuum; a hard satiny mass of the methochloride (a) 
remained, m. p. 335—340° (vig. efferv.) (Found in material dried at 
120° : C, 70-2; H, 8-0. C,,H,,ON,,MeCl requires C, 70-8; H, 7-8°%). 
The action of heat. The dry methochloride, in quantities of 0-5 g., 
was heated very cautiously in test-tubes until effervescence was 
complete and a yellowish-brown syrup remained, which set to a resin 
but did not crystallise. About 5 g. of this resin were distilled under 
1 mm., the distillate was dissolved in pure dry ether, and the 
solution concentrated in a test-tube and left in the ice-chest for 
several days. The pale yellow prisms which gradually separated 
had m. p. 145—147° and consisted of dihydrostrychnidine (B), as the 
analysis and a mixed m. p. showed (Found: C, 78-0; H, 8-1; 
N, 86. Calc. for C,,H,,ON,: C, 78-2; H, 8-1; N, 8-7%). 

Dihydrostrychnidine (B) dimethosulphate (A) was obtained by 
adding methyl sulphate (5 c.c.) to a solution of the base (2 g.) 
in warm dry benzene (30 c.c.), shaking the mixture well and keeping 
it at about 30° for 24 hours. The benzene solution was decanted 
from the crystalline cake, which was washed with benzene, left in 
contact with porous porcelain, and dried over sulphuric acid ins 
vacuum (Found: S, 10-9. C,,H,g,ON,,2Me,SO, requires S, 11-19%). 
This dimethosulphate is readily soluble in warm water. A rather 
dilute solution gave, with excess of sodium iodide, no precipitate 
(but an immediate voluminous crystalline precipitate on the addition 
of a large quantity of 50% caustic potash). However, the clear 
solution slowly deposited stars of brilliant prisms, which gradually 
became yellow unless a little sulphurous acid had been added (Found 
in material dried at 100°: CO, 45:3; H, 5-4; Me as >NMe, 45%. 
C,,H,,ON,,2MelI requires C, 45-6; H, 5-3; 2Me as 2>NMe, 4-9%). 
This dimethiodide had m. p. 238—242° (decomp.) and proved to be 
identical with the substance produced by the direct union of the 
base and methyl iodide under the conditions explained on p. 977. 
It is very sparingly soluble in methyl alcohol or benzene but dis- 
solves readily in cold and very readily in hot water. It is very 
stable and may be warmed on the steam-bath with 20% caustic 
potash solution for some minutes with very little decomposition. 
The crystals give no coloration with diazobenzenesulphonic acid 
and acetic acid and there is no change on the addition of hydrochloric 
acid. It dissolves with difficulty in chloroform and, on warming, 4 
very sparingly soluble substance separates which has not beet 
analysed but appears to be an additive compound (compare p. 975). 





PART VII. ACTION OF H¥DRIODIC ACID ON STRYCHNIDINE. 977 


The dimethochloride (A) was obtained by adding silver chloride 

to a hot aqueous solution of the dimethiodide (A) and evaporating 
the filtrate; a syrup remained which became a transparent resin 
when kept over sulphuric acid in a vacuum. An aqueous solution 
gives no coloration with a drop of dilute hydrochloric acid and ferric 
chloride. -An aqueous solution does not cloud when boiled with a 
large excess of caustic potash, and even heating with methyl- 
alcoholic potash (25%) on the steam-bath only very gradually 
brings about decomposition. When, however, the temperature 
is raised to 120°, a rapid change takes place with formation 
of methoxymethyltetrahydrostrychnidine (B), m. p. 178—180° 
(p. 985). 
The dimethobromide (A) does not crystallise when sodium bromide 
is added to a moderately concentrated solution of the dimetho- 
chloride, but 50° caustic potash solution gives a cloudy liquid from 
which a mass of needles soon separates. This dimethobromide is 
remarkably readily soluble in cold water, but separates from methyl 
alcohol as a voluminous mass of needles which, dried at 100°, decom- 
pose with effervescence at about 345° (Found: C, 53-4; H, 6-5. 
C,,H,gO0N,,2MeBr requires C, 52-9; H, 6-3%). 

The Action of Methyl Iodide on Dihydrostrychnidine (B).—It is 
explained in the introduction that this direct action leads to the 
formation mainly of the dimethiodide (A), the isomeride (B) being 
produced in relatively very small quantity. When the base (B) 
(5 g.), dissolved in a little methyl alcohol, was mixed with methyl 
iodide (8 c.c.) in the cold, the solution became warm and crystal- 
lisation began at once owing to the separation of the monomethiodide 
(a), m. p. 340—345° (decomp.) (Found : C,56-8; H,6-2%. Compare 
p. 975). When the mixture was heated under reflux on the steam- 
bath a second reaction occurred, and boiling continued for a con- 
siderable time after removal from the bath. Finally the whole was 
heated for 2 hours, the methyl iodide and some of the methyl alcohol 
were distilled off, and the product was left for 24 hours in the ice- 
chest; the crystalline mass was then collected and washed with 
| methyl alcohol. Analysis and the subsequent examination showed 
that this crude product consists mainly of the dimethiodides (A) and 
(B), but contains varying quantities of the monomethiodide (a). 
The product (60 g.) from several experiments was boiled with methyl 
alcohol, in which it is sparingly soluble, until completely dissolved 
and the solution was cooled rapidly in running water; a sandy 
precipitate (40 g.) of the almost pure dimethiodide separated, there 
was then a distinct pause in the crystallisation, and, after filtration 
and vigorous shaking, glistening needles (10 g.), which had m. p. 
345° (efferv.) and consisted of the almost pure monomethiodide (a), 
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were deposited. These crystals became opaque at 100° (Found: 
C, 57-2; H, 6-6. Calc. for C,,H,,ON,,MeI: C, 56-9; H, 6-2%). 
The mother-liquor contained more of the above substances as well 
as all the dimethiodide (B): the separation of these constituents is 
described on p. 979. 

The difficulty of preparing the large amounts of the dimethiodide 
(A) required for this research was bound up with the difficulty, already 
commented on (p. 972), of obtaining the requisite quantities of the 
crystalline dihydrostrychnidine (B). This was, however, got over 
when it was found that, owing to the facility with which it crystallises, 
it is possible to obtain the pure dimethiodide in quantity from 
specimens of the crude base which no longer crystallise. The 
mother-liquors from the crystalline base were evaporated and the 
residue was distilled three times; almost the whole then passed 
over at 220—230° under a pressure of 0-5 mm. The pale yellow 
syrupy distillate, which set to a resin on cooling and yielded, when 
dissolved in ether or extracted with petroleum, only a comparatively 
small quantity of crystalline dihydrostrychnidine (B), nevertheless 
gave analytical numbers agreeing almost exactly with those required 
for the formula C,,H,,ON, of this base (Found: C, 78-1; H, 8:2. 
Cale. : C, 78-2; H,8-1%). As, in spite of careful search, no evidence 
of the presence of an isomeride could be obtained, it is probable that 
some slight impurity was present which prevented the separation 
of the crystalline .base: it is known that very small quantities of 
impurity have this effect. The resin (50 g.), dissolved in as little 
boiling methyl alcohol as possible, was gradually mixed with methyl 
iodide (70 c.c.); a good deal of heat was then generated and crystal- 
lisation began at once. As soon as the reaction had subsided, the 
whole was heated under reflux for 4 hours on the steam-bath, the 
excess of methyl iodide distilled off, a little boiling methyl alcohol 
added, and the whole left over-night in the ice-chest; the mass of 
crystals was then collected and washed with methyl alcohol until 
colourless. After twice crystallising from methyl alcohol, the 
product (75 g. instead of 110 g.) was the pure dimethiodide (A), m. p. 
340—345° (decomp.). Very little more could be got by concentrat- 
ing the dark brown mother-liquors, the working up of which into 
methoxymethyltetrahydrostrychnidine (B) is described on p. 986. 

Preparation of Dihydrostrychnidine (B) Methiodides (a) and (b).— 
Since it was not possible to obtain the large quantities of these 
substances required for this research from the corresponding 
methosulphates (compare p. 975), experiments were made in the 
hope of obtaining them by removing one molecule of methyl iodide 
from the dimethiodides (A) and (B). In the first experiment, the 
dimethiodide (A) (5 g.) was digested with mesitylene (50 c.c.) for 
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} hour in the manner described in the corresponding conversion of 
methoxymethyltetrahydrostrychnidine (A) dimethiodide (B) into 
the monomethiodide (b) (J., 1927, 1621). The substance did not 
dissolve, and separated from methyl alcohol in colourless needles 
which became opaque on the steam-bath and decomposed at 340— 
345°. The analysis (C, 45-8; H, 5-5) showed that elimination of 
methyl iodide had not occurred. 

After further experiments of a similar kind, it was discovered that 
the desired result could be easily obtained by treating the crude 
dimethiodides, obtained as described on p. 977, with methyl- 
alcoholic potash under the following conditions: The finely 
powdered mixture of dimethiodides (50 g.) is ground to a fine paste 
with methyl-alcoholic potash (250 c.c. of 25%), heated just to boiling 
on the steam-bath, removed, and, after the somewhat vigorous 
action has subsided, heated with frequent shaking for 3 hours. 
The substance does not dissolve but changes in appearance, the 
original pasty liquid depositing a crystalline crust. After remaining 
for 24 hours in the ice-chest, the solid is collected and washed with 
methyl alcohol; it then consists essentially of the methiodide (a) 
containing some unchanged dimethiodide (A). A second treatment 
with methyl-alcoholic potash does not entirely remove this di- 
methiodide, but this is easily got rid of by extraction with cold water 
and may be recovered from the filtrate by distilling off the water 
under reduced pressure and crystallising the residue from methyl 
alcohol. The methiodide (a), sparingly soluble in water, is then 
crystallised from methyl alcohol, separating in colourless needles, 
m. p. 345° (decomp.), and is identical with the substance already 
described as resulting from the decomposition of the methosulphate 
(a) with sodium iodide (p. 975) (Found: C, 57-0; H, 6-3. Calc. 
for C,,H,g,ON,,Mel : C, 56-9; H, 6-2%). 

Dihydrostrychnidine (B) dimethiodide (B) was present only in 
small quantity in the methyl-alcoholic mother-liquors from which 
the dimethiodide (A) and the monomethiodide (a) had separated! 
(see p. 977), and its isolation proved to be difficult. The 
mother-liquor, on concentration, deposited further quantities of 
the above substances and then a rather sticky mass which, after 
long contact with porous porcelain and repeated fractional crystal- 
lisation from methyl alcohol, ultimately yielded nodules of needles 
of the dimethiodide (B). This decomposes at 260—265° (efferv.), is 
very soluble in cold water, and is more soluble in methyl alcohol 
than the modification (A), from which it also differs in appearance- 
and most other properties (Found : €, 45-7; H, 5-5. C,,H,,0N,,2Mel 
requires C, 45-5; H, 5-3%). 

Dihydrostrychnidine (B) methiodide (b) may be prepared by 
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digesting the dimethiodide (B) with methyl-alcoholic potash under 
conditions similar to those described above in the case of the 
dimethiodide (A), and some was also obtained from the. mother. 
liquors of the methiodide (a) (compare above). It separates from 
methyl alcohol, in which it is far more soluble than the isomeride (a), 
as a soft mass of needles which do not become opaque at 100°, 
shrink at about 250° and gradually melt as the temperature rises 
(Found: C, 56:2; H, 6-5. C,,H,,ON,,MeI requires C, 56-9; 
H, 6-2%). In contrast with the methiodide (a), the substance (b) 
does not appear to combine with chloroform. It dissolves with 
difficulty in much chloroform in the cold, much more readily on 
boiling, and there is no sign of the separation of a sparingly soluble 
additive compound. 

Dihydrostrychnidine (B) methochloride (b) is, in contrast with (a) 
(p. 976), a well-characterised substance. It was obtained in the 
usual way by heating the methiodide (b) with water and silver 
chloride on the steam-bath and evaporating the filtrate to a small 
bulk; on cooling, balls of needles gradually separated. These were 
recrystallised from water, from which the substance separated in 
four-sided, pearly plates containing 2 molecules of water (Found for 
the air-dried substance : loss at 100°, 9-45. C,,H,,0N,,MeCl,2H,0 
requires 2H,O, 8-8%. Found for the dry substance: C, 70-6; 
H, 8-0. C,,H,g,0N,,MeCl requires C, 70-8; H, 7-7%). This 
methochloride (b) is relatively sparingly soluble in cold water. The 
intensely bitter solution gives, with a drop of dilute hydrochloric 
acid and ferric chloride, a yellow coloration soon becoming pink ; on 
boiling, a crimson qplour develops; addition of excess of hydro- 
chloric acid destroys the colour. A solution in dilute sulphuric 
acid gives, with dichromate, a yellow colour slowly changing to 
yellowish-crimson, and to crimson on boiling. When this dimetho- 
chloride (b) was heated with methyl-alcoholic potash at 120—130° 
under the conditions given on p. 985, a good yield of methoxy- 
methyltetrahydrostrychnidine (B) (m. p. 178°) was obtained. 

The methobromide (b) was obtained by adding sodium bromide to 
a hot concentrated aqueous solution of the methochloride and 
leaving the mixture in the ice-chest for several days. It separated 
in colourless glistening plates, which became nearly black at 330° 
and effervesced at 340—345° (Found in substance dried at 110°: 
C, 63-0; H, 7-3. C,,H,g0N,,MeBr requires C, 63-3; H, 7-0%). 

Dihydrostrychnidine (B) Benzylchloride—The base (6 g.), dissolved 
in toluene (30 c.c.), was mixed with a large excess of benzyl chloride 
(15 e.c.) and heated with a free flame; a precipitate soon began to 
separate and there was considerable rise of temperature. After 
boiling for a few minutes, and cooling, the product was mixed with 
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ether, and the colourless crystalline precipitate was collected, washed 
with ether, dissolved in warm methyl alcohol, and mixed with much 
ether; on rubbing, the clear solution deposited a mass of thin plates 
which were washed with ether and dried at 100° (Found: C, 74-3; 
H, 7:8; Cl, 7-8. C,,H,,0N,,C,H,Cl requires C, 74-9; H, 7-5; 
Cl, 7-8%). 

Dihydrostrychnidine (B) benzylchloride is very soluble in cold water 
or methyl alcohol but almost insoluble in ether. It melts at about 
325° with effervescence and formation of a yellow gum, which is 
insoluble in water but very soluble in cold dilute acids and appears 
in part to consist of dihydrostrychnidine (B). A solution in water 
gives no precipitate with ammonia or dilute aqueous potassium 
| hydroxide. 

Oxidation of Dihydrostrychnidine (B). Formation of Dihydro- 
strychnine (B).—The crystalline base (5 g.), dissolved in acetone 
(400 c.c.) and water (3 c.c.), was gradually mixed with finely 
powdered potassium permanganate with frequent shaking, care 
being taken that the temperature did not exceed 15°. The per- 
manganate was added in quantities of 2 g. each day and, after 
13 g. had been added, the whole was heated to boiling and filtered 
and the manganese precipitate thoroughly extracted with boiling 
acetone. The extract was dried over potassium carbonate, con- 
centrated to a small bulk, and left in the ice-chest, a crystalline crust 
gradually forming. This was dissolved in much boiling ether, in 
which the crystals were rather sparingly soluble, and the solution 
was concentrated and left in the ice-chest; the new substance then 
separated as a brilliant crust of nodules of small prisms. Two 
different specimens were analysed : (i) crystallised from acetone and 
(ii) from ether [Found : (i) C, 74-9; H, 7-0; N, 8-3. (ii) C, 74-8; 
H, 7-1. C,,H,,O,N, requires C, 75-0; H, 7-1; N, 83%]. Di- 
hydrostrychnine (B), m. p. about 196°, is somewhat soluble in water, 
yielding a bitter solution which on concentration deposits the sub- 
stance in microscopic prisms. It dissolves readily in methyl alcohol 
or acetone and separates from the latter, often as twin crystals, 
in glistening prisms. The solution in dilute sulphuric acid (60%) 
gives with dichromate an intense bluish-purple coloration changing 
0 green and then to brown and, on warming, to brownish-crimson, 
a reaction reminiscent of the behaviour of strychnine itself. Most 
specimens of this substance give a pale pink coloration when ferric 

hloride is added to their solutions in very dilute hydrochloric acid, 

but when the base is perfectly pure this reaction is negative, even 

bn heating. Similarly the pure base does not couple with diazo- 

benzenesulphonic acid. It is very readily soluble in dilute mineral 

wcids and even in dilute acetic acid and is precipitated by ammonia 
MM 
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as a gum which, on warming and rubbing, crystallises. . The hydro. 
chloride is rather sparingly soluble and separates well as a volumin- 
ous mass of minute needles. When a boiling solution of this salt is 
mixed with a little sulphurous acid and excess of sodium iodide 
added, the hydriodide separates as a mass of glistening plates. It is 
sparingly soluble in acetone or methyl alcohol or in boiling water 
and separates from the last in glistening feathery groups which 
become opaque at 100°. It melts at 350—355° to a dark brown syrup 
(Found : C, 53-9; H, 5-5. C,,H,,0,N,,HI requires C, 54-3; H, 5-4%), 

The methiodide. A solution of the base in boiling acetone gave, 
with methyl iodide, an immediate voluminous precipitate; this 
separated from methyl alcohol, in which it was sparingly soluble, in 
pale yellow feathery needles which changed partiy to pale yellow 
prisms. and, on recrystallisation, became needles again, The 
crystals darkened gradually above 220° and melted at about 365° 
(decomp.) (Found: C,. 55-6; H, 5-8, (©,,H,,0,N,,MeI requires 
C, 55-3; H, 5-6%). This methiodide is sparingly soluble in cold 
water and rather readily on boiling and separates as a soft mass of 
minute needles. 

The methochloride. When the methiodide was digested with 
water and silver chloride, and the filtrate evaporated, the metho- 
chloride was obtained as a crystalline mass, separating from methyl 
alcohol in soft needles which became opaque on standing in the air 
(Found: C, 67:8; H, 7:2. C,,H.,O.N.,MeCl requires ©, 68:3; 
H, 7:0%). This methochloride, m. p. 370—375° (efferv.), is readily 
soluble in water; the solution gives no coloration with ferric 
chloride and a little hydrochloric acid in the cold. A solution 
dilute sulphuric acid (60%) gives with dichromate a blue coloration 
rapidly changing to purple and then to brown. 

The methobromide separated as a mass of needles when sodium 
bromide was added to a hot concentrated solution of the metho- 
chloride. It is readily soluble in warm water and separates from 
methyl alcohol, in which it is sparingly soluble, in needles, m. p. 
about 375° (decomp.) (Found ; C, 61-6; H, 6-3. C,,H,,0,N,,MeBr 
requires C, 61-3; H, 6-3%). 

The benzylidene derivative was readily formed when a solution 0 
the base (1 g.) in a little boiling aleohol was mixed with benzaldehyde 
(2 ¢.c.) and a few drops of concentrated sodium ethoxide and left 
for 2 days. On vigorous rubbing, crystallisation set in and, afte 
being washed with water, the benzylidene derivative was recrys 
tallised from methyl alcohol, in which it was very sparingly soluble, 
separating in glistening, pale lemon-yellow flitters, m. p. 270—275 
(Found: ©, 79-3; H, 6-5; N, 6-6. C,,H,.O.N, requires C, 793; 
H, 6-6; N, 6°6%). 
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When the benzylidene derivative is moistened with hydrochloric 
acid the hydrochloride separates as a white powder, which is sparingly 
soluble in cold water but dissolves on boiling; the solution on cooling 
sets to a jelly. Ferric chloride added to an aqueous solution gives 
no coloration in the cold but a deep yellow on boiling. The sulphate 
is more soluble and the solution in 60% sulphuric acid gives, with 
dichromate, an intense blue colour changing to purple and then to 
brown. With 10% sulphuric acid this colour reaction is not shown. 

Dihydrostrychnine (B) does not appear to yield an oxime, since 
on adding excess of hydroxylamine hydrochloride and some potas- 
sium carbonate to a solution in methyl alcohol and leaving the 
mixture for 24 hours, the base was recovered on dilution with water 
and extraction with ether and had m. p. 189—-191° (Found: N, 
8-0%). 

The manganese precipitate (p. 981), from which the dihydro- 
strychnine (B) had been extracted with acetone, was extracted with 
boiling water and the brown extract was nearly neutralised with 
hydrochloric acid, concentrated by distillation under reduced 
pressure, and acidified; a considerable precipitate of a chocolate- 
coloured acid then separated which was washed with water and 
dried in a desiccator. The well-dried acid was extracted for some 
days in a Soxhlet apparatus with dry ether; from the extract, a 
small quantity of a pale yellow microcrystalline acid separated; this 
was soluble in boiling water, from which it crystallised rather in- 

| definitely on cooling (Found : C, 60-2; H, 5-9; N,7-0. C,,H,,0,N, 
requires C, 60-6; H, 5-8; N, 6-7%). This acid froths and decom- 
poses at about 205°, is readily soluble in dilute ammonia solution and 
in dilute sulphuric acid. A solution in 60% sulphuric acid gives 
with dichromate a fine bluish-purple coloration changing to purple 
andthentobrown. Unfortunately, the amount of this acid available 
was so small that further investigation was impossible. 

Hydrolysia of Dihydrostrychnine (B).—This substance was boiled 
with dilute methyl-alcoholic potassium hydroxide for several 
minutes without any apparent change and was precipitated on the 
addition of water, but when a solution of 1 g. in a little alcohol was 
heated in a sealed tube with sodium ethoxide (0-5 g. Na) in a boiling 
water-bath for 5 hours, complete hydrolysis occurred. The colour- 
ess solution was mixed with water and left over sulphuric acid in a 
vacuum ; it then dried to a gum which was very readily and com- 
pletely soluble in a little water. When this solution was acidified 

rith hydrochloric acid and left over sulphuric acid, groups of feathery 
tystals containing chlorine gradually separated; these were 
ecrystallised from dilute hydrochloric acid and dried first over 

phuric acid in a vacuum and then for a short time at 100° (Found : 
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C, 64-2; H, 6-7. C,,H,,0,N,,HCl requires C, 64:5; H, 6-9%). 
This hydrochloride of dihydrostrychnic acid (B) dissolves in con- 
centrated nitric acid to an orange solution; on warming, a pale 
yellow crystalline substance separates which is readily soluble in 
hot water. The hydrochloride is very readily soluble in hot water: 
when ammonia is added to the cold solution there is no precipitate, 
but when the solution is boiled in a test-tube so that most of the 
ammonia escapes, a crystalline precipitate of the acid separates, the 
ammonium salt evidently being dissociated. The precipitate is 
washed with a little water and dried at 100° (Found: C, 70-7; 
H, 7-4. C,,H,,0,N, requires C, 71-1; H, 7-3%). Dihydrostrychnic 
acid (B) melts at about 285° with effervescence and formation of 
dihydrostrychnine (B) (see below). A solution in dilute sulphuric 
acid (50%) gives a reddish-brown colour with dichromate, and 
addition of ferric chloride to a solution in very dilute hydrochloric 
acid gives no coloration in the cold but, on boiling, a deep brown. 
crimson colour develops. Action of heat. When a small quantity 
of the acid was cautiously heated in a test-tube, it effervesced and 
water was eliminated. The residue was ground and extracted with 
much boiling ether, and the ethereal solution concentrated to a 
small bulk and left; a pale yellow substance then separated in 
minute prisms, m. p. 203°. This substance, which gave an intense 
blue colour, changing to purple, when its solution in dilute sulphuric 
acid (50%) was mixed with dichromate, proved to be dihydro. 
strychnine (B), since a mixture with this substance melted at 201— 
202°. This method of formation is the only way, so far observed, 
of raising the melting point of this substance from 196° to 203°. 
Action of Perhydrol on Dihydrostrychnine (B).—The substance 
(0-5 g.), dissolved in methyl alcohol (15 c.c.), was mixed with methy!- 
alcoholic potassium hydroxide (15 c.c.), and perhydrol (1 c.c) 
added. After 24 hours, the solution was concentrated to a small 
bulk, made acid to Congo-red with dilute hydrochloric acid, and left 
in the ice-chest. The clear solution gradually deposited a colourless 
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crystalline substance which was washed with water and dried a no. 
100° (Found: C, 62-8; H, 6-7; N, 6-7. C,,H,,0,N, requires (3 as 
62-7; H, 6-5; N, 7-0%). by 
Dioxydihydrostrychnic acid becomes pale brown at 250°, dark (co 
brown at 275°, and decomposes at 300—305° to a black mass. It ] 
is rather sparingly soluble in cold water but dissolves readily »—} stry 
boiling and separates as a crust of glistening pearly plates. 4) —1 
solution in dilute sulphuric acid (50%) gives with dichromate 1 din 
orange coloration, deepening on warming; a solution in dilute met 
(50 






hydrochloric acid gives no coloration with ferric chloride. 
Oxidation of Dihydrostrychnidine (A) (Part VI, J., 1927, 239%) 
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Formation of Oxydihydrostrychnidine (A).—Dihydrostrychnidine (A) 
(8 g.), dissolved in hot acetone (500 c.c.) and water (5 c.c.), was 
heated to boiling, and finely powdered permanganate added in small 
quantities at a time with frequent shaking. When 40 g. had been 
reduced, the liquid was filtered hot and the manganese precipitate 
extracted twice with boiling acetone. After distillation of some of 
the acetone on the steam-bath, the concentrated solution began to 
deposit crystals. When cold these (1-5 g.) were collected, washed 
with acetone, and crystallised from much boiling alcohol, from which 
the substance separated as a satiny mass of needles. More of the 
same substance was obtained by evaporating the acetone mother- 
liquors to dryness and rubbing the residual gum with methyl alcohol 
(Found: C, 74-8; H, 7-2; N, 8-4. C,,H,,0,N, requires C, 75-0; 
H, 7-1; N, 83%). Oxydihydrostrychnidine (A), isomeric with di- 
hydrostrychnine (B) (m. p. 196°; p. 981), melts at about 345° to a 
black mass and is very sparingly soluble in most of the usual solvents. 
It dissolves in concentrated sulphuric acid without colour. A 
solution in 60% sulphuric acid gives with dichromate an immediate 
intense crimson colour, whereas the isomeride (B) gives a deep blue 
colour under the same conditions. It may be noted, however, that 
the final mother-liquors from the purification of the substance (A) 
contain a substance which also gives a deep blue colour with sulphuric 
acid and dichromate. Oxydihydrostrychnidine (A) is a feeble base, 
dissolving with difficulty in dilute hydrochloric acid. It is sparingly 
soluble in, and does not appear to combine with, methyl iodide, 
because when heated with a large excess of methyl iodide in a sealed 
tube in the water-bath for 2 hours it does_not dissolve and the 
recovered substance, after being washed with methyl alcohol, 
melts at 336—340° and does not contain iodine. When an alcoholic 
solution of the base is heated in a sealed tube with benzaldehyde and 
a little sodium ethoxide there is no evidence of the formation of a 
benzylidene derivative. 

In view of the feebly basic character of this substance and its 
non-identity with dihydrostrychnine (A), it is feasible to regard it 
as an epidihydrostrychnine derived from dihydrostrychnidine (A) 
by the transformation of the group >N(b)-CH,- into >N(b)-CO- 
(compare J., 1928, 3087, 3090). 

Methoxymethyltetrahydrostrychnidine (B), Cy3Hg,0.N,, Methyl-y- 
strychnidine (B), C..H,,ON,, and Dihydrostrychnidine (C), C.,H,,ONo. 
—These substances are obtained when dihydrostrychnidine (B) 
dimethochlorides or monomethochlorides are decomposed by 
methyl-alcoholic potash. (i) Crude dihydrostrychnidine dimethiodide 
(50 g.) (p. 977) is converted into the dimethochloride by digestion 
with water and silver chloride, the solution evaporated to dryness, 
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and the syrup dissolved in boiling methyl alcohol (100¢.c.). _Methy!- 
alcoholic potash (300 c.c. of 25%) is added, and the whole heated on 
the steam-bath in an open flask for } hour. The flask is then trans. 
ferred to a sand-bath, a thermometer inserted, and the heating 
continued until the temperature reaches 120°; there is then much 
frothing and, on temoval of the flame, the temperature remains at 
this point for several minutes. Finally the whole is heated at 
140—145° for about 15 minutes until effervescence has ceased. (ii) 
Dihydrostrychnidine (B) monomethochloride, obtained from the 
crude monomethiodide (p: 979) (50 g.) by digestion with silver 
chloride and evaporation to dryness, is digested with methyl. 
alcoholic potash (300 c.c.) exactly as described above. This process, 
although rather more tedious from start to finish, appears to pro- 
ceed more smoothly and to give a purer product in better yield than 
(i). In either case, the cold product is mixed with crushed ice, water 
added, and the whole well shaken until the separation of the crude 
grey mass is complete. This is well washed, dried on porous 
porcelain, and dissolved in the minimum of boiling methyl aleohol, 
in which it is rather sparingly soluble, and filtered. The first crop, 
which separates rapidly on cooling and shaking, is collected and 
washed with methyl alcohol; the colourless crystalline mass is then 
usually almost pure methoxymethyltetrahydrostrychnidine (B), m. p. 
177—179°. When the filtrate is concentrated to about a quarter 
of its volume, a small second crop of the same substance separates, 
m. p. 165—172°. The mother-liquor is evaporated to dryness, and 
the residue dissolved in a little boiling acetone; on standing in the 
ice-chest, a further crop of nearly pure substance, m. p. 172—177°, 
separates. Finally, the filtrate is boiled for some hours with norite, 
systematically concentrated, and left in the ice-chest with frequent 
rubbing until no further separation of a crystalline mass, m. p. 
110—130°, consisting of crude dihydrostrychnidine (C) (p. 995) 
occurs. The treatment of the final mother-liquors is described 
on p. 994. 

It is very important in carrying out the decompositions (i) and 
(ii) with methyl-alcoholic potash to be sure that the process is 
complete, otherwise serious loss may occur. In successful operations 
the yields of methoxymethyltetrahydrostrychnidine (B) and crude 
dihydrostrychnidine (C) are in (i) 22—25 g. and 2-3 g. and in (ii) 
27 g. and 3—4 g., respectively, or roughly 70—75% of the theoretical. 
The final mother-liquors are added to the fraction, b. p. 215—220°/ 
1 mm., mentioned below. 

Considerable quantities of methoxymethyltetrahydrostrychnidine 
(B) were obtained from the brown mother-liquors from which 
dihydrostrychnidine dimethiodide had separated (p. 978). Water 
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was added, the methyl alcohol removed on the steam-bath, and the 
hot liquid filtered from much tar and heated with excess of silver 
chloride. The filtrate, evaporated to a syrup, was mixed with a 
large excess of methyl-alcoholic potash and heated at 120—130° 
exactly as described above. The gum obtained on addition of water 
was dissolved in ether, the ethereal solution well washed, dried over 
potassium carbonate, and evaporated, and the dark brown syrup 
rapidly fractionated three times. The fraction, b. p. 215—225°/1 
mm., when dissolved in methyl alcohol and rubbed, gradually 
deposited a considerable quantity of crude methoxymethyltetra- 
hydrostrychnidine. The mother-liquor, when evaporated and 
distilled again, gave a pale yellow syrup, b. p. 220—225°/1 mm., 
which, dissolved in a little acetone and left for some weeks in the 
ice-chest, deposited a material (5 g.) which softened at 155° and 
was not completely melted at 190°. The separation of this into 
methoxymethyltetrahydrostrychnidine and methylstrychnidine (B), 
m. p. 223—225°, is described on p. 994. 

Methoxymethyltetrahydrostrychnidume (B), like its isomeride (A), 
m. p. 220° (J., 1927, 1617), is remarkably sparingly soluble in ether 
or cold methyl alcohol and crystallises from the latter with great 
facility in colourless glistening needles, m. p..179—180° (Found : 
C, 75°38, 75-0; H, 8-7, 8-6; N, 7-6; MeO, 8-0; Me as >NMe, 4-5; 
Me as combined Me, 8-4. C,,;H,.0,N, requires C, 75-0; H, 8-7; 
N, 7-6; MeO, 8-2; Me as >NMe, 4-1; 2Me as combined Me, 8-2°%). 
It is very sparingly soluble in cold acetone, but dissolves moderately 
readily on boiling and separates beautifully in glistening triangular 
prisms; it also separates well from petroleum in glistening plates. 
When heated rapidly in small quantities in a test-tube, it distils 
largely unchanged ; the distillate separates from methyl alcohol in 
plates, m. p. 178°. A moist acetone solution decolorises perman- 
ganate only slowly in the cold, but more readily on warming (p. 991). 
A solution in dilute sulphuric acid, on addition of a drop of dichrom- 
ate, gives in the cold a crimson colour, which becomes very intense 
on warming. A solution in very dilute hydrochloric acid gives, 
with ferric chloride, no colour at first; a pink colour then gradually 
develops and becomes crimson on warming. The base dissolves to 
a bright red solution in concentrated nitric acid. 

When the base was boiled with dilute sulphuric acid (10% by 
vol.) for 2 hours there was no sign of elimination of methyl alcohol 
and on addition of ammonia a thick curdy precipitate was produced 
which soon hardened; this separated from methyl alcohol in 
plates, m. p. 178°, and proved to be the unchanged base, practically 
the whole being recovered. In order to determine whether the 
substance was capable of electrolytic reduction, 1 g., dissolved in 
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dilute sulphuric acid (100 c.c. of 10% by vol.), was placed in the 
cathode chamber of the apparatus described in Part II of this 
research (J., 1924, 125, 1798) and exposed for 14 hours to a current 
of 5 amps. at 22°. No reduction occurred, since the filtered solution 
gave, with ammonia, a solid base, m. p. 170—175°, which, after 
crystallisation from methyl alcohol, had m. p. 178—180°, almost the 
whole quantity being recovered. 

The hydriodide was obtained by dissolving the base in a slight 
excess of dilute sulphuric acid and adding a few drops of concentrated 
sulphurous acid and then excess of sodium iodide. When the clear 
solution was warmed on the steam-bath, the crystalline canary- 
yellow hydriodide largely separated ; after being well washed and 
dried on the steam-bath, this became colourless at 155—160°, 
softened and decomposed at 175—180°, solidified immediately, 
effervesced again at 235°, became again solid, and finally decomposed 
at about 325° to a brown froth (Found in substance dried at 105° : 
C, 56-0; H, 6-7. C,,;H,,0,N,,HI requires C, 55-7; H, 6-6%). It 
is rather readily soluble in boiling water to a colourless solution and 
separates, on cooling slowly, in well-developed prisms. The mother- 
liquor from the canary precipitate gave with ammonia a considerable 
precipitate of the base. 

The hydriodide was heated gradually in a test-tube in a sulphuric 
acid bath; methyl alcohol was eliminated at 250—260° and after 
about 10 minutes’ heating at 260° decomposition was complete. 
The brittle grey mass was boiled with water; the filtered solution 
gradually deposited long, pale pink needles, but sometimes a jelly 
separated first which soon passed into the needles. The substance 
was recrystallised from water and dried at 100° (Found: C, 57-5; 
H, 6-2; N, 5-9. Cale. for C,,H,,ON,I : C, 56-9; H, 6-3; N, 6-0%). 
That this substance, which melted at about 345° (decomp.), was a 
methiodide was shown by the fact that its aqueous solution gave no 
precipitate with ammonia or caustic potash even on warming, and 
that it was dihydrostrychnidine (B) methiodide (a) (p. 975) was 
demonstrated in the following way. The substance yielded the 
chloroform additive derivative characteristic of this methiodide, 
and when the methiodide was converted into the methochloride 
and this decomposed by heating in a test-tube, a yellowish-brown 
liquid remained which, distilled under 1 mm., dissolved in a little 
ether, and left in the ice-chest, gradually deposited crystals, m. p. 
146—148° (Found : C, 78-0; H, 8-1; N, 8-4. Cale. for C,,H,,ON, : 
C, 78:2; H, 81; N, 8-7%). That this substance was dihydro- 
strychnidine (B) was confirmed by the method of mixed melting 
point. 

The same interesting change from methoxymethyltetrahydro- 
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strychnidine (B) to the methiodide of dihydrostrychnidine (B) — 
takes place much more readily and completely when the base (1 g.) 
is boiled with hydriodic acid (5 c.c.; d 1-94) and a little amorphous 
phosphorus for 2 hours. The solution is diluted with water and 
filtered, and addition of excess of caustic potash then precipitates a 
gelatinous mass which separates from boiling water in needles, 
m. p. 345° (decomp.), and consists of the methiodide (a) of dihydro- 
strychnidine (B), the yield being almost quantitative. 

The methiodide. Methoxymethyltetrahydrostrychnidine (B) (2 g.) 
is sealed up with methyl iodide (5 c.c.): there is little action in 
the cold but, on heating in the water-bath, a pale solution is 
formed which gradually becomes brown owing to the liberation of 
traces of iodine. After 2 hours there may be no separation, but if 
a crystal nucleus happens to be formed the whole quickly becomes a 
mass of crystals. If this is not the case, the methyl iodide is dis- 
tilled off and the syrup is dissolved in a little hot methyl] alcohol and 
well rubbed; crystallisation then soon sets in. The crystals are 
collected, washed with methyl alcohol, in which the methiodide is 
sparingly soluble, and dissolved in this medium, from which 
colourless, glistening, irregular, flat prisms separate; these become 
chalky at 110° and effervesce at 235—238° to a colourless liquid 
which crystallises at a higher temperature (Found in material dried 
at 110—115°: C, 56-5; H, 6-9. C,3H;,0,N,,MelI requires C, 56-5; 
H, 69%). This substance is sparingly soluble in cold but readily 
soluble in hot water, forming a supersaturated solution from which 
the methiodide separates in long striated prisms on the introduction 
of a crystal. It dissolves readily in cold chloroform and on leaving 
or warming there is no separation of an additive derivative. 

Action of heat. The methiodide (3-22 g.) lost 0-91 g. of methyl 
iodide on heating at 250°, or 28-2% (calc. for C,,H;,0,N,,Mel losing 
Mel, 27-8%). The slight sublimate which formed melted at 178° 
and the residue separated from acetone in prisms, m. p. 178—180°, 
of pure methoxymethyltetrahydrostrychnidine (B). 

The methochloride, obtained by digesting the methiodide with 
water and silver chloride for 2 hours, evaporating the solution to a 
small bulk, and placing it over sulphuric acid in a vacuum desiccator, 
separated in soft pearly crusts, which were left on porous porcelain 
and dried at 100° (Found: C, 68-7; H, 8-5. C,g3H3,0.N,,MeCl 
requires C, 68-8; H, 8-4%). 

This methochloride begins to decompose at about 150° and 
effervesces vigorously at 170°; the residue crystallises and consists 
of methoxymethyltetrahydrostrychnidine (B). It is very soluble 
in water and the addition of a drop of hydrochloric acid and then 
ferric chloride gives no coloration in the cold but, on warming, a 

MM2 
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deep crimson colour develops, fading to brown and then to yellow. 
A solution in dilute sulphuric acid gives, with dichromate, a yellow 
colour changing to pink and then to deep crimson. When caustic 
potash (50%) is added to an aqueous solution of the methochloride 
the whole sets to a crystalline mass; on warming on the steam- 
bath, a pale brown syrup floats, crystallises on cooling, and consists 
of the unchanged methochloride. 

The dimethosulphate. The base (7 g.), dissolved in dry benzene 
(50 c.c.), was mixed with freshly distilled methyl sulphate (20 c.c.) 
and heated under reflux on the steam-bath; after about 40 minutes, 
a gum commenced to separate which gradually changed to colourless 
prisms. After 2 hours, the deposit was collected, washed with 
benzene, dried on the steam-bath, and immediately. analysed 
because the substance was deliquescent (Found: C, 52-0; H, 7-1. 
Cy3H3,0,N,,2Me,SO, requires C, 52-2; H, 7-1%). A solution in 
dilute sulphuric acid, on addition of dichromate, gives a yellow 
coloration which becomes deeper on warming. An aqueous solution 
mixed with ferric chloride and a little hydrochloric acid is coloured 
merely yellow but on boiling changes to bright green. 

The dimethiodide. A solution of the dimethosulphate in hot water, 
when mixed with sodium iodide, gives a clear solution, which does 
not crystallise on rubbing and standing for 12 hours. The addition 
of caustic potash (50%) causes a caseous sticky precipitate to 
separate which soon hardens, and becomes crystalline on boiling 
with methyl alcohol. The substance crystallised from methy] 
alcohol, in which it was very sparingly soluble, in circular nodules 
which softened at about 205° and melted at 210°, becoming solid 
again. This dimethiodide is very readily soluble in cold water 
(Found in material dried at 110° : C, 45-9; H, 6-0. C,,;H3,0,N,,2Mel 
requires C, 46-0; H, 5-8%). The mother-liquors appeared to con- 
tain an isomeric dimethiodide, which was not isolated in a pure 
condition. 

When the dimethiodide, m. p. 205—210°, was mixed with methy]- 
alcoholic potash (25%) and heated on the steam-bath, it did not 
dissolve but changed in appearance and the pasty liquid deposited a 
colourless crust. This was collected, washed with a little water, in 
which the substance was now sparingly soluble, and twice crystallised 
from methyl alcohol, separating as a soft mass of needles (Found 
in material dried at 100° : C, 56-2; H, 6-9. Cale. for C,;H3,0,N,,Mel: 
C, 56-5; H,6-9%). Careful examination showed that this substance, 
m. p. 233—236° (efferv.), is identical with the methiodide obtained 
by the direct action of methyl iodide on methoxymethyltetrahydro- 
strychnidine (B) (see above). 

Methoxymethyltetrahydrostrychnidine (B) dissolves in nearly 
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boiling benzyl chloride apparently without combination, since the 
solution, when diluted with ether, deposits the unchanged base. 
The same is also true of the isomeride of m. p. 220° (J., 1927, 
1617). 

Methoxybenzyltetrahydrostrychnidine — (B).—Dihydrostrychnidine 
(B) benzylehloride (p. 981) (12 g.) was mixed with methyl-alcoholic 
potassium hydroxide (200 c.c. of 25%) and gradually heated on a 
sand-bath until a thermometer placed in the melt registered 150°, 
the decomposition proceeding very smoothly and without dis- 
coloration. On addition of water to the cold mass, a colourless base 
separated in almost quantitative yield; it was well washed and 
dissolved in ether, in which it was very soluble. The ethereal solu- 
tion, dried over potassium carbonate and concentrated, did not 
deposit crystals when kept in the ice-chest, as so readily happens in 
the case of methoxymethyltetrahydrostrychnidine (B) (p. 985). 
When, however, the ether was distilled off and the gum dissolved in 
methyl alcohol and rubbed, crystallisation rapidly set in and the 
colourless crystalline substance was now comparatively sparingly 
soluble in methyl alcohol and separated as a feathery mass of 
needles, m. p. 126—127° (Found: C, 78-9; H, 8-2; MeO, 6-7. 
C.gHgg0.N, containing 1 MeO requires C, 78:7; H, 7-8; MeO, 
70%). It is very soluble in methyl iodide: when the solution is 
boiled for a few minutes and the methyl iodide evaporated, a gum 
remains which on warming with water deposits the unchanged base, 
no combination having occurred under these conditions. 

Formylmethoxytetrahydrostrychnidine (B) (p. 969).—This sube 
stance is obtained when methoxymethyltetrahydrostrychnidine 
(B), dissolved in moist acetone, is oxidised by permanganate. The 
base (11 g.), dissolved in acetone (650 c.c.) and water (10 c.c.), was 
mixed with very finely powdered permanganate (4 g.), the whole 
being well shaken from time to time and the temperature kept at 
12°. After 24 hours, decolorisation was nearly complete and 
further quantities of the permanganate were gradually added until, 
when 14 g. had been added, decolorisation became extremely slow. 
Five such lots were combined and heated for some minutes on the 
steam-bath, the manganese precipitate was well washed with acetone, 
and the yellow filtrate and washings were concentrated to a small 
bulk and left in the ice-chest for several days; the solution then 
either became a pasty mass of crystals or deposited a hard crust. 
The crystals were collected, boiled with a little ether to remove a 
gummy impurity, and fractionally crystallised several times from 
methyl alcohol to remove the last traces of unchanged methoxy- 
methyltetrahydrostrychnidine (B). The treatment of the large 
amount of the oxidation product contained in the acetone and methyl 
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alcohol mother-liquors is described on p. 993. Formylmethoxy- 
tetrahydrostrychnidine (B) separates from methyl alcohol in brilliant, 
colourless, well-developed prisms, which rapidly become opaque 
when exposed to the air on a watch glass (Found: C, 72-0; H, 7-9; 
N, 7:3; MeO, 8-0; >NMe, none. C,;H;,0,N, containing 1 MeO 
requires C, 72-3; H, 7-8; N, 7°3; MeO, 8-1%). It melts at 154°, 
is very soluble in hot, but much less so in cold, methyl alcohol, and 
is almost insoluble in boiling water. Dichromate added to a solution 
of the formyl derivative in dilute sulphuric acid gives a yellow 
coloration, quickly changing to pink and becoming crimson on 
warming. A solution in very dilute hydrochloric acid is coloured 
yellow by ferric chloride, but gradually an intense crimson colour 
develops which is not destroyed by excess of hydrochloric acid. 
The base dissolves in concentrated nitric acid to a deep yellow 
solution. In order to see whether it was capable of hydrolysis, the 
base was heated with alcoholic sodium ethoxide in a sealed tube in 
the water-bath for 2 hours. On addition of water the solution 
became turbid, and when the alcohol was evaporated a syrup 
separated which crystallised from methyl alcohol, had m. p. 152— 
154°, and consisted of the unchanged substance. On treatment 
with benzaldehyde and sodium methoxide in methyl-alcoholic 
solution, the base is not converted into a benzylidene derivative. 
The base is readily soluble in, but does not appear to combine with, 
methyl iodide, since in two experiments in which it was heated 
(i) with methyl iodide and methyl] alcohol in a sealed tube for } hour, 
and (ii) for the same time with methyl iodide alone, practically the 
whole of it was recovered unchanged. 

Action of Dilute Sulphuric Acid on Formylmethoxytetrahydro- 
strychnidine (B). Formation of Methoxytetrahydrostrychnidine (B).— 
This interesting decomposition was brought about (1) by boiling 
formylmethoxytetrahydrostrychnidine (B) with dilute sulphuric 
acid, and (2) by distilling this substance under reduced pressure 
(see below). (1) Formylmethoxytetrahydrostrychnidine (B) (1 g.), 
dissolved in dilute sulphuric acid (20 c.c. of 10% by vol.), was 
boiled under reflux for an hour, the cold product mixed with excess 
of potassium hydroxide, and the cloudy solution extracted twice 
with ether. The ethereal solution was dried over potassium car- 
bonate, concentrated to a small bulk, cooled, and rubbed; crystal- 
lisation soon commenced and, after the mixture had been kept for 
some hours in the ice-chest, the solid was collected, washed with 
ether, and crystallised from this solvent. The colourless leaflets 
obtained became opaque on the steam-bath, melted at 150—152°, 
and were not identical with the original base (m. p. 154°), because a 
mixture of the two softened at 123° and was nearly melted at 130° 
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(Found : C, 74-3, 74-4; H, 8-5, 8-4; N,7°8; MeO, 8-0. C,.H,,0,N, 
containing 1 MeO requires C, 74-6; H, 8-5; N, 7-9; MeO, 8-7%). 

Methoxytetrahydrostrychnidine (B) dissolves in dilute sulphuric 
acid (60%) to a pale pink solution which becomes crimson on the 
addition of dichromate. A solution in very dilute hydrochloric acid 
gives no immediate coloration with ferric chloride, but a pink colour 
rapidly develops. A crystal of the base dissolves in concentrated 
nitric acid to a deep salmon solution. The nitroso-derivative 
separated, when sodium nitrite was added to a well-cooled solution 
of the base in very dilute hydrochloric acid, as a light yellow, 
crystalline mass ; after addition of sodium acetate, the precipitate 
was collected, washed, and dried over sulphuric acid in a vacuum 
desiccator [Found : N, 10-7. C,H .(NO)O,N, requires N, 110%]. 

In order to determine whether the methoxy-base was susceptible 
to electrolytic reduction a solution of 1 g. in 30'c.c. of 15% sulphuric 
acid was placed in the usual electrolytic reduction apparatus (J., 
1924, 125, 1798) and subjected to a current of 4 amps. for 20 hours. 
The colourless solution was diluted with water and made alkaline 
with potassium hydroxide, the milky liquid extracted with ether, 
and the extract dried over potassium carbonate, concentrated, and 
kept in the ice-chest; pearly plates separated which melted at 
149—151° and consisted of the unchanged base (Found: C, 74-2; 
H, 8-4%). 

Action of methyl iodide. The base dissolved readily in methyl 
iodide with some rise of temperature, crystals gradually separated, 
and increased in quantity on heating in a sealed tube in the water- 
bath. After 2 hours the excess of methyl iodide was distilled off 
and the crystals were dissolved in boiling methyl alcohol; they 
separated again as a pale yellow crust, which became opaque on 
the steam-bath and then melted at about 235° (efferv.), became solid 
again, and finally decomposed at 320—325° (Found: C, 55-2; 
H, 6-6. Cale. for C,,H,,0,N,,HI: C, 55-7; H, 66%). It is 
explained on p. 969 that this substance is the hydriodide of 
methoxymethyltetrahydrostrychnidine (B) (compare p. 988). It 
dissolves readily in warm water and on addition of ammonia colour- 
less crystals immediately separate which crystallise from methyl 
alcohol in glistening flitters, m. p. 178—180° : there is no depression 
on admixture with an equal quantity of methoxymethyltetrahydro- 
strychnidine (B). 

Distillation of Crude Formylmethoxytetrahydrostrychnidine (B).— 
Results at first difficult to understand were obtained when the 
acetone and methyl-alcoholic mother-liquors from a number of 
preparations of this substance, m. p. 154° (p. 991), were evaporated 
and distilled, After a good deal of frothing and decomposition, 
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about two-thirds distilled at 225—265°/1 mm., leaving a dark tar, 
and after two more fractionations most of the substance passed over 
at 218—223°/1 mm. and set to a pale amber resin (22 g.) on cooling, 
This was readily soluble in ether : the concentrated cooled solution, 
from which a mass of crystals began to separate almost immediately, 
was kept for some days in the ice-chest; the mass then consisted of 
hard nodules covered with soft needles. By shaking with ether and 
rapid decantation, the needles were easily separated from the 
nodules; after recrystallisation they had m. p. 152—154° and con. 
sisted of formylmethoxytetrahydrostrychnidine (B) which had 
escaped decomposition during the distillation. This was proved by 
analysis (Found: ©, 72:1; H, 7-8; N, 7-3. Cale. for C,;H,0,N, : 
C, 72:3; H, 7-8; N, 7-3%) and by the method of mixed melting 
point. The nodules had m. p. 130—135° and after many recrystal- 
lisations from ether, in which the substance was readily soluble, the 
m. p. rose to 137—138° (Found: C, 74-2; H, 8-2; MeO, 8-2. 
0,,H,,0,N, containing 1 MeO requires C, 74-6; H, 8-5: MeO, 8-7%). 
This analysis and the fact that the melting point could not be raised 
above 137° by recrystallisation seemed to indicate that the substance 
was a second modification of methoxytetrahydrostrychnidine (B) 
(m. p. 154°). This view received support from the fact that the 
nodules, on treatment with methyl iodide, also yielded the hydriodide 
of methoxymethyltetrahydrostrychnidine (B) (see above).. When, 
however, the nodules were boiled with dilute sulphuric acid and the 
base was set free with alkali, the crystalline mass no longer separated 
in nodules but in needles, which melted at 150-—152° and at the same 
temperature when mixed with methoxytetrahydrostrychnidine (B), 
m. p. 152°. It seems probable, therefore, that the nodules consist 
of this substance contaminated with small quantities of formy]- 
methoxytetrahydrostrychnidine (B) (m. p. 154°) which resist 
separation by crystallisation but are converted into methoxy- 
tetrahydrostrychnidine (B) (m. p. 152°) by boiling with dilute sul- 
phuric acid. ' 

Methyl--strychnidine (B) and Dihydrostrychnidine (C).—The 
final acetone and methyl-alcoholic mother-liquors collected from 
the purification of a large number of preparations of methoxy- 
methyltetrahydrostrychnidine (B), and from which crude dihydro- 
strychnidine (C) had separated (compare p. 986), were evaporated 
and the gummy residue was distilled under reduced pressure, 4 
considerable fraction passing over at 220—225°/1 mm. This was 
dissolved in acetone and left in the ice-chest in contact with a crystal 
of methoxymethyltetrahydrostrychnidine (B) for 2 weeks; a thin 
crust of this base, m. p. 165—175°, then separated. The filtrate, 
when concentrated and left for some months, deposited about 6 g. 
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of a substance, m. p. 185—210°; after several crystallisations from 
alcohol, in which the substance was very sparingly soluble, methyl-y- 
strychnidine (B) was obtained in brilliant needles, m. p. 222—225° 
(Found: C, 78-9; H, 80; N, 83; Meas >NMe, 4-5. C,,H,,ON, 
containing one >NMe requires C, 79-0; H, 7-8; N, 8-4; Me as 
>NMe, 4:5%). , 

A solution of methyl-y-strychnidine (B) in dilute sulphuric acid 
(60%) gives an intense crimson colour with dichromate, and addition 
of ferric chloride to a solution in very dilute hydrochloric acid. also 
produces an immediate crimson colour. 

The dimethiodide. The base combines with methyl iodide with 
some evolution of heat. The mixture was heated in a sealed tube 
for a few minutes in the water-bath, the excess of methyl iodide 
distilled off, and the residue dissolved in methyl alcohol. The 
solution remained for a long time, but, on rubbing, the methiodide 
gradually separated as a crust of minute needles, which melted at 
about 275° and effervesced vigorously at 280—285°, leaving a pale 
yellow syrup which crystallised (Found: C, 46-7; H, 5-6. 
Cy9HgON>,2Mel requires C, 46-6; H, 5-2%). The dimethiodide is 
somewhat sparingly soluble in cold water, moderately easily soluble 
in boiling water, and crystallises therefrom in minute needles. In 
attempting to prepare the dimethochloride, the following curious 
and characteristic behaviour was observed. When silver chloride 
was added to a boiling dilute aqueous solution of the methiodide, a 
pale pink colour developed which, on concentration of the filtered 
solution on the steam-bath, soon became purplish-pink and then 
deep purple ; when kept over sulphuric acid in a vacuum, the whole 
dried up to a blackish-purple jelly. 

Dihydrostrychnidine (C). The mother-liquors from the methyl-,- 
strychnidine (B) yielded, on concentration, a further small quantity 
of this substance. The filtrate, further concentrated and left in 
the ice-chest for some weeks, gradually deposited a considerable crop 
of crystals which proved to be a mixture of dihydrostrychnidine 
(C) with a little methoxymethyltetrahydrostrychnidine (B) (m. p. 
180°), The solid was collected, dissolved together with the sub- 
stance, m. p. 110—130°, obtained as described on p. 986, in a little 
acetone, and left in the ice-chest for several days ; almost the whole of 
the substance, m. p. 180°, was deposited as a thin crust; when 
the mother-liquor was exposed to the air, groups of prisms separated. 
On repeated fractional crystallisation from ether this crude material 
yielded brilliant prisms of dihydrostrychnidine (C). These crystals 
were kindly examined by Dr. T. V. Barker, who reports that no 
diagrams are necessary, since the habit is simple and constant. The 
system is monoclinic, a : 6: c = 1-037: 1:2; 8 = 113° 48’, the forms 
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developed being c (001) and m (110) of equal size and a (100) con- 
siderably smaller. Following are the results of measurement of two 


m(110). (100). —-¢(001). 
0° 0’ =—-66° 12’ 
90° 0’ 90° 0’ 
Optically an axis emerges through m, indicating the axial plane to 
be normal to 6 (010). The extinction on m is about 20° inclined to 
the vertical edge. 

Owing to the fact that the melting point was never quite sharp, 
two specimens were analysed, namely, (a) the prisms from ether and 
(6) the needles from methyl alcohol (see below) [Found: (a) (, 
78-3; H, 83; N, 8-4; Me as >NMe, none. (6) C, 78-1; H, 8-2. 
C,,H,,ON, free from >NMe requires C, 78-2; H, 8-1; N, 8-7%]. 
Dihydrostrychnidine (C) is readily soluble in ether or acetone but is 
much less soluble in methyl alcohol, from which it separates, when 
the solution is rapidly concentrated, in brilliant glistening needles, 
softening at about 128° and melting at 132—134°. It is a strong 
base, dissolving readily in dilute acetic acid. A solution in very 
dilute hydrochloric acid gives no immediate coloration with ferric 
chloride in the cold, but gradually a yellow colour develops which 
becomes brownish-pink and, on heating, pale brown. A solution in 
dilute sulphuric acid (60%) gives with dichromate approximately 
the same colour changes. 

The base was heated with methyl iodide in the steam-bath for a 
few minutes; no crystallisation took place and on evaporation a 
gummy substance was obtained which consisted essentially of the 
monomethiodide. This was readily soluble in water and the solution 
gave no precipitate with caustic potash. When, however, a solution 
of the base (1 g.) in methyl iodide (2 ¢.c.) and methyl] alcohol (2 c.c.) 
was heated in a sealed tube in the steam-bath no change was ob- 
served during 3—4 hours; a substance then began to separate in 
small prisms and the quantity increased slowly during 7 hours. 
After remaining over-night, the crystals were collected and dis- 
solved in a little boiling water, from which the dimethiodide separated 
as a chalky crust of minute needles, m. p. 265—270°, effervescing 
to an amber resin (Found in material dried at 100° : C, 44-9; H, 5-2. 
C,,H,,ON,,2Mel requires C, 45-5; H, 5-3%). 

The dimethochloride, obtained by adding silver chloride to a hot 
aqueous solution of the dimethiodide and evaporating the filtered 
liquid, is a non-crystalline brittle mass very soluble in water. When 
this was heated with methyl-alcoholic potassium hydroxide until 
the temperature reached 150° (compare p. 985), decomposition took 
place smoothly and, on addition of ice-water to the cold mass, an 
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ochreous precipitate was obtained which separated from methyl 
alcohol in glistening plates, m. p. 127—129°, and consisted of di- 
hydrostrychnidine (C), methyl chloride having been eliminated 
during the process. Identity was established by a mixed m. p. 
determination, by analysis (Found: C, 78-2; H, 8-3%) and by 
conversion into the dimethiodide, which was identical with the 
derivative described above. 

In an attempt to reduce dihydrostrychnidine (C) electrolytically, 
the base (1 g.), dissolved in dilute sulphuric acid (40 c.c. of 10% by 
volume), was subjected in the usual electrolytic reduction apparatus 
(J., 1927, 1600) to a current of 5 amps. for 6 hours. The chalky 
precipitate which separated on addition of caustic potash was 
collected, dried, and recrystallised from methyl alcohol, separating 
in needles, m. p. 127—132° (Found: C, 78-0; H, 8-2%). That the 
substance was unchanged was confirmed by a mixed m. p. determin- 
ation. 

It is conceivable that crude dihydrostrychnidine (B) already 
contains this isomeride (C) and that the bases are stereoisomerides 
owing their origin to the new asymmetric carbon atom in a group 
~CHMe- derived from ~—CH,°CH,~ in strychnidine. 

Benzylidenestrychnine.—As explained in the introduction (p. 966), 
we were led to attempt the condensation of strychnine and some of 
its simple derivatives with aromatic aldehydes as the result of a 
theoretical argument based on the properties of dihydrostrychnine 
(B). We find tkat strychnine and brucine and many of their 
derivatives, provided that these retain the group >N(a)-CO-, 
condense readily with benzaldehyde, anisaldehyde, or piperonal and 
we are engaged in the detailed investigation of the new bases so 
obtained. 

Owing to the readiness with which it is formed and its good 
crystallising power, benzylidenestrychnine is a highly charac- 
teristic derivative of the alkaloid, but it does not appear to 
have been previously described. Finely powdered strychnine 
(34 g.) was added to a boiling mixture of 94% aleohcel (300 c.c.) 
and benzaldehyde (25 c.c.). On the introduction of a solution 
of potassium hydroxide (5 g.) in water (10 c.c.), the boiling being 
continued, the strychnine quickly dissolved, giving an orange- 
yellow solution. The source of heat was then removed and in a 
few seconds there was a copious separation of glistening yellow 
leaflets. After cooling, the derivative was collected, washed with 
alcohol, water, and alcohol, and dried at 100°. The base is very 
sparingly soluble in boiling alcohol or ethyl acetate, more readily 
soluble in hot toluene, acetone or pyridine; it may be conveniently 
crystallised from isoamyl alcohol, separating in pale lemon-yellow 
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leaflets, m. p. 235—237° (Found: C, 79-1, 79-9*; H, 6-2, 6-4; 
N, 6-4. C,,H,,0,N, requires C, 79-6; H, 6-2; N, 66%). Benzy- 
idenestrychnine dissolves in concentrated hydrochloric acid to an 
intensely yellow solution and on dilution with water the colour is 
largely discharged and the sparingly soluble hydrochloride is 
precipitated. Its yellow solution in 60% sulphuric acid gives a deep 
pure blue coloration on the addition of dichromate; this becomes 
dull green and then brown on keeping. The substance readily forms 
a methosulphate and other derivatives which will be described 
subsequently. 

In contrast, benzylidenebrucine crystallises with difficulty, but 
the characteristic hydrochloride is readily prepared in the following 
manner: Caustic potash (4 g.) in water (10 c.c.) is added to a 
boiling solution of brucine (20 g.) and benzaldehyde (10 c.c.) in 
alcohol (50 c.c.) contained in a large beaker. After 2 minutes’ 
boiling, the product is cooled, mixed with ether and then with 
concentrated hydrochloric acid (20 c.c.) diluted with water (200 c.c.). 
The ether is poured off, fresh ether added, and then a crystal of the 
hydrochloride from.a previous preparation ; copious crystallisation 
of the hydrochloride of benzylidenebrucine occurs. After. being 
washed with dilute hydrochloric acid, this separates from alcoholic 
hydrogen chloride (2%) in yellow needles which, dried at 100°, 
appear to contain }H,O (Found : ©; 68-3; H, 6-4. 

_ CygH90,N,,HC1,4H,0 
requires C, 68-3; H, 6-1%). 

We propose to submit this salt and the corresponding, readily 

soluble base to detailed examination. 


Derivatives of Strychnidine. 

Strychnidine Methosulphate, C,,H.,ON,,Me,SO,.—The following 
modification of the method described in Part IV (J., 1927, 1600) gives 
excellent results and is convenient for the preparation of large 
quantities of the substance. Strychnidine (50 g.) is finely powdered 
and stirred in a mortar while a mixture of freshly distilled methyl 
sulphate (20 c.c.) and methyl alcohol (25 c.c.) is gradually added. 
Interaction takes place immediately and the whole sets to a hard 
mass, which is ground, washed with methyl alcohol, and dried at 
100°. 

Strychnidine Methochloride, C,,H,,ON,,MeCl.—Strychnidine 
methiodide (Tafel, Annalen, 1898, 301, 314), dissolved in hot water, 
was mixed with a large excess of freshly precipitated silver chloride 
and heated on the steam-bath for 3 hours. The filtrate from the 
silver salts was evaporated to a small bulk and left in the ice-chest. 

* Lead chromate tube. 
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The methochloride, which separated as a voluminous mass of needles, 
was collected, washed with: a little water, in which it was very 
soluble, and left on porous porcelain for 2 days (Found : loss 
at 100°, 8-2. Found in the dried material: C, 71-7; H, 7-4. 
Cy9H,ON,C1,2H,O requires H,O, 8-8%. C,.H,,ON,Cl requires 
0, 71-3; H, 7-3%). It melts and decomposes at about 370°, leaving 
a residue containing strychnidine. 

When an aqueous solution is dechlorinated by silver hydroxide, 
and the filtrate concentrated by distillation under reduced pressure 
and then over sulphuric acid, a colourless crystalline mass— 
presumably the methohydroxide—remains : this will be examined. 

Strychnidine Dimethosulphate, C,,H,,ON,,2Me,SO,.—-Strychnidine 
(25 g.), suspended in dry benzene (200 c.c.), was heated to boiling 
and the clear solution obtained was cooled and rapidly mixed with 
methyl sulphate (40 c.c.) before crystallisation set in. When the 
viscid gelatinous mass of strychnidine methosulphate was heated on 
the steam-bath, the whole gradually became more limpid and after 
20 hours a thick gum had separated below the benzene. The 
benzene layer was decanted, the gum washed with benzene, the 
benzene shaken with water, and the aqueous extract used to dissolve 
the gum. After being filtered from some benzene, the solution of 
the dimethosulphate was heated to boiling and nearly neutralised 
with potassium hydroxide, and a large excess of hot concentrated 
sodium iodide solution added ; the clear liquid soon began to deposit 
a glistening colourless mass of strychnidine dimethiodide. This is 
sparingly soluble in cold water, much more readily on boiling, and 
separates in long brilliant needles (Found: C, 45-4; H, 5-2. 
C,,H,,ON,,2Mel requires C, 45-7; H, 5:0%). 

The dimethochloride, prepared in the usual way from the di- 
methiodide and silver chloride, was deposited as a gum on evaporation 
of the aqueous solution. When heated with a large excess of methyl- 
alcoholic potassium hydroxide (25%) until the temperature rose to 
140°, the gum was readily decomposed and on addition of water a 
grey mass was obtained which separated from methyl alcohol in 
colourless prisms, m. p. 125°, and was readily identified by analysis 
and by a mixed melting-point determination as methoxymethyl- 
dihydrostrychnidine (J., 1927, 1602). It is remarkable that the 
specimen obtained was much freer from purple colouring matter 
than the material prepared from strychnidine monomethosulphate 
under the same conditions. 

Strychnidine Benzylchloride, C,,H,,ON,,C;H,Cl—A solution of 
strychnidine (20 g.) in boiling toluene was cooled somewhat, and 
benzyl chloride (12 ¢.c.) added : combination began at once with 
separation of crystals and the whole soon became a paste. The 
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mass was collected, washed with ether, and dissolved in boiling 
methyl alcohol, and the clear solution mixed with ether. The 
glistening plates which separated were washed with ether and dried 
at 100° (Found: C, 75-0; H, 6-9; Cl, 7-8. C,,H,,ON,Cl requires 
C; 75-2; H, 69; Cl, 8-0%). 

Strychnidine benzylchloride, m. p. 330—335° (efferv.), is very soluble 
in water. The solution gives no precipitate with alkali, but with 
dichromate a sparingly soluble, bright yellow chromate is obtained. 
A solution in dilute sulphuric acid (60%) gives with dichromate 
the ordinary crimson strychnidine reaction. When the dry sub- 
stance is heated in small quantities in test-tubes, benzyl chloride is 
eliminated and strychnidine regenerated, but at the same time 
small quantities of other substances are produced which are under 
examination. 

When strychnidine benzylchloride (20 g.) is heated with methyl- 
alcoholic potash (250 c.c. of 25°) until the temperature of the melt 
reaches 150° and the whole is then cooled and water added, a solid 
separates in very good yield which is difficult to crystallise and 
melts at 92—95° (Found : C, 78-5; H, 7-7; MeO, 7-6. C,gH,,0,N, 
requires C, 78-7 ; H, 7-7; MeO, 7-1%). This base, which is evidently 
methoxybenzyldihydrostrychnidine (compare Part IV, J., 1927, 1602), 
will be subjected to a detailed examination. 


We are indebted to Mr. R. I. E. Halli, M.A., for the preparation of 
most of the dihydrostrychnidine (B) required for this investigation 
and to Mr. F. Hall for carrying out the analyses. We desire also 
to thank the Government Grant Committee of the Royal Society 
for repeated grants towards the heavy cost of the work. 

THE Dyson Perrins’ LABORATORY, UNIVERSITY COLLEGE, 


OxFoORD. LONDON. 
[Received, April 3rd, 1929.] 





CXXIX.—The Introduction of the Triphenylmethyl 
Group into Phenols. Part II. 


By Dovetas VeRNoN NetMaR Harpy. 


Ir has previously been shown that the Baeyer-—Villiger reaction may 
be utilised in order to condense triphenylcarbinol with phenol and 
anisole (Baeyer and Villiger, Ber., 1902, 35, 3018), pyrocatechol 
(Zincke and Wugk, Annalen, 1908, 363, 284), o-cresol, o-toly! 
methyl ether, and m-cresol (Schorigin, Ber., 1927, 60, 2373; Part |, 
Boyd and Hardy, J., 1928, 630). Moreover, the failure of the 
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reaction has been observed with p-cresol (Schorigin, loc. cit.) and 
with methyl salicylate (Part I), but whereas the latter is quite 
unreactive, the former induces a novel reaction in which the tri- 
phenylearbinol is reduced to triphenylmethane and the p-cresol is 
oxidised to a product for which the constitution of a highly poly- 
merised p-quinomethane has been suggested. With a view to 
elucidate the factors which determine this variation in behaviour, 
an extended study of the Baeyer-Villiger reaction has been under- 
taken. 

According to their behaviour towards an acetic-sulphuric acid 
solution of triphenylearbinol, phenols and phenolic ethers fall 
naturally into three groups, viz., those which undergo condensation 
(group I), those under whose influence the carbinol is reduced to 
triphenylmethane (group II), and those which are unreactive 
(group ITT). 

Group I: Phenol, anisole, phenetole, o-cresol, o-tolyl methyl 
ether, o-tolyl ethyl ether, m-cresol, pyrocatechol, guaiacol, veratrole, 
resorcinol and its dimethyl ether, quinol, pyrogallol and its trimethyl 
ether, thymol, «- and §-naphthols, o-chlorophenol,* and o-bromo- 
phenol.* 

Group II: p-Cresol, p-tolyl methyl and ethyl ethers, o-,* m-, 
and p-chlorophenols, o-bromophenol,* and quinol dimethyl ether. 

Group III: o- and p-Nitrophenols, picric acid, o- and p-nitro- 
anisoles, salicylic acid and its methyl ester, trichlorophenol, 
trichloroanisole, and tribromophenol. 

The addition of any member of groups I and II to an acetic— 
sulphuric acid solution of triphenylcarbinol causes the production of 
a deep brown colour, but the members of group III produce no 
appreciable alteration in the reddish-orange colour of the carbinol 
solution. These and previous results permit three deductions, 
namely, (1) the deep brown colours indicate the formation of inter- 
mediate compounds, (2) the formation of these intermediate com- 
pounds is essential to reaction, and (3) the primary reaction takes 
place between the ions of triphenylmethy] sulphate (compare Part I) 
and the undissociated phenol—since the phenolic ethers react 
similarly to the phenols. 

As applied to members of group I, the Baeyer-—Villiger reaction 
serves, in general, to introduce one triphenylmethyl group into the 
nucleus, but, contrary to a statement by Schorigin (Ber., 1928, 61, 
2517) that ‘‘ Es tritt bekanntlich in den Kern eines Phenols stets nur 
ein Triphenylmethyl-Rest ein, . . .” di-triphenylmethylation has 
been observed with a-naphthol and with 1 : 3-dimethoxybenzene. 


* In the reactions with o-chlorophenol and with o-bromophenol condensation 
and formation of triphenylmethane occur simultaneously. 
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The available data indicate that, although the triphenylmethyl group 
usually enters the nucleus para to hydroxyl, methoxyl, etc., ortho. 
substitution occasionally occurs. 

Reaction with members of group II involves the oxidation of the 
phenol or phenolic ether, a process which in some cases can only 
be realised by removal of nuclear hydrogen and in others probably 
follows the lines indicated by the researches of Pummerer, Gold- 
sehmidt, Hunter, and others (see Davis and Hill, J. Amer. Chem. Soc., 
1929, 51, 493). The oxidation products are usually intractable 
oils or resins, but from p-cresol two amorphous solids have been 
isolated, viz., (A) a red substance of high melting point, believed to 
be a highly polymerised p-quinomethane, which was obtained by 
Schorigin (loc. cit.) on carrying out the reaction at 100°; and (B) a 
yellowish-brown substance of comparatively low melting point 
which has now been isolated by working at room temperature. It 
has been suggested that A is formed by the dehydration of p- 
toluquinol, a compound which, together with three amorphous 
substances, was isolated by Bamberger (Ber., 1903, 36, 2030) by 
oxidising p-cresol with Caro’s acid. The properties of B are closely 
in agreement with those of one (C,,H,,0,) of Bamberger’s amorphous 
substances. 

In Part I of this investigation, a mechanism of the Baeyer- 
Villiger reaction was suggested which, when generalised, assumes 
(i) nuclear attack by the triphenylmethyl kation, and (ii) that the 
formation of triphenylmethane is preceded by the elimination of 
the triphenylmethy] anion from the complex : 


oy HSO,'—> CHPh,-+CH,:C,H,:0-++H,S0,. 


HCH, 


An alternative mechanism has been suggested by van Alphen (Ree. 
trav. chim., 1927, 46, 799) for the analogous reaction between 
triphenylmethy] chloride and phenol. This assumes the formation 
of an oxonium intermediate which, under the influence of an alkaline 
medium, e.g., pyridine, loses hydrogen chloride to form phenyl 
triphenylmethyl ether (compare Helferich, Ber., 1925, 58, 882), 
whereas under acid conditions it undergoes intramolecular rearrange- 
ment, the triphenylmethyl group migrating to the p-position of 
the nucleus : 


C,H,-OHCI-CPh, —> Ph,C-C,H,OH(p) + HCI. 


On these assumptions also must the triphenylmethyl anion play an 
essential part in the reaction, for not only must it be eliminated 
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prior to the formation of triphenylmethane, but it must, in addition, 
be the migrating group : 


mbESED \'HSO,’ = bert, \'HSO,’ = 


glory tag + H,S0,. 
H 


x 
Pho 2G CH, -H} HSO,—> CHPh, + 
= 0:C,H,:CH, -+ H,SO,. 


The available evidence is insufficient to decide between the two 
mechanisms, both of which provide an adequate explanation of the 
unreactivity of the members of group III, attributing it on the one 
hand to reduced nuclear reactivity and on the other to the in- 
hibition of oxonium formation consequent upon increased acidity. 

Contained in the literature are a number of reactions in which the 
triphenylmethyl anion would seem to be formed. Schmidlin (Ber., 
1912, 45, 3180) observed the formation of 4-hydroxytetrapheny]l- 
methane and triphenylmethane by the action of phenol upon hexa- 
phenylethane. It would appear highly probable that the hexapheny]l- 
ethane dissociates into triphenylmethyl anions and kations, and 
whilst the latter attack the phenol, the former accept the subsequently 
expelled protons. Again, triphenylmethyl chloride has been shown 
to react with pure ether in presence of zinc chloride (Gomberg, 
J. Amer. Chem. Soc., 1913, 35, 204) and of aluminium chloride 
(Norris and Young, ibid., 1924, 46, 2580) to give triphenylmethane 
and acetaldehyde. Evidence exists that ethyl triphenylmethy] 
ether may also be produced, a reaction which is included in the 
following scheme : 


nN AN a CHMe:‘0 + CHPh, + EtCl + AIC 
a ont I . 
ae Ph} AICI," <— 
* ony CH,Me-0-CPh, + EtCl + AICI. 
Norris and Young (loc. cit.) found also that alkyl triphenylmethyl 


ethers suffer thermal decomposition into triphenylmethane and the 
aldehyde or ketone corresponding to the alkyl group : 


~L\ , I> 
Ph,C—O—CR,—H ——> CHPh, + O°CR,. 


Preliminary experiments upon the introduction of other tri- 
arylmethyl groups into phenols have been carried out. These and 
| allied investigations are being continued. 
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ExPERIMENTAL. 


The Action of Triphenylcarbinol upon Phenols and Phenolic Ethers 
in the Presence of Sulphuric Acid —Except where otherwise stated, 
the reaction mixtures were prepared by dissolving triphenylcarbinol 
(6 g.) and the phenol or phenolic ether (6 g.) in acetic acid (60 c.c.) 
by warming, and adding sulphuric acid (10 g.) to the warm solution. 

(1) Phenetole. After standing for a week, the crystalline con- 
densation product was collected, washed with dilute acetic acid, and 
dried (3-8 g.); a further quantity (2-58 g.) was obtained by diluting 
the mother-liquor. It was twice recrystallised from benzene- 
alcohol and then formed a colourless powder, m. p. 191° (Found: 
C, 88-7; H, 6-8. C,,H,,0 requires C, 89-0; H, 6-6%). 

4-Ethoxytetraphenylmethane is difficultly soluble in acetic acid and 
in aleohol and easily soluble in benzene. When boiled with a 
mixture of acetic and hydriodic acids, it was converted into 4- 
hydroxytetraphenylmethane. 

(2) Pyrocatechol. The 3: 4-dihydroxytetraphenylmethane (8-10 
g.) was collected after 10 minutes, washed, dried, and recrystallised 
from acetone or from toluene. It formed colourless needles which 
became brown at 260°, and melted at 262° as recorded by Zincke 
and Wugk (loc. cit.). 

(3) Guaiacol. The washed (with alcohol) and dried product 
(8-2 g.), which was collected after 24 hours, was repeatedly crystallised 
from acetic acid and also from benzene—petrol, but a fraction of 
definite melting point could not be obtained. On boiling with a 
mixture of hydriodic and acetic acids it was converted into 3: 4- 
dihydroxytetraphenylmethane, m. p. and mixed m. p. with an 
authentic specimen, 262°. The product consisted, therefore, of a 
mixture of 4-hydroxy-3-methoxy- and 3-hydroxy-4-methoxy- 
tetraphenylmethane. 

(4) Veratrole. 7-62 G. of product were obtained as under (3) and 
consisted of almost pure 3: 4-dimethoxytetraphenylmethane. 
Dilution of the reaction mixture furnished a further quantity. The 
substance formed colourless prisms, m. p. 170° after recrystallisation 
from acetic acid, as recorded by Gomberg and Forrester (J. Amer. 
Chem. Soc., 1925, 47, 2389) for the compound obtained by treating 
3 : 4-dimethoxytriphenylmethyl chloride with magnesium pheny! 
bromide. By treatment with a mixture of hydriodic and acetic 
acids the substance was converted into 3 : 4-dihydroxytetraphenyl- 
methane. 

(5) Resorcinol. Sulphuric acid (5 g.) was added to a solution of 
triphenylcarbinol (4 g.) and resorcinol (4 g.) in acetic acid (30 c.c.) 
and as soon as the mixture was cold the crude 2 : 4-dihydroxytetra- 
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phenylmethane was collected, washed with alcohol, and dried 
(4:04g.). After recrystallisation from toluene and then from acetone 
it formed colourless crystals, m. p. about 268° with previous shrink- 
age and decomposition. The compound has also been prepared by 
E. von Meyer (J. pr. Chem., 1910, 82, 521) from resorcinol and 
triphenylmethyl chloride, the melting point being given as 268°. 
The true melting point of 2: 4-dihydroxytetraphenylmethane 
appears to be considerably higher, for if placed in a bath at 250° and 
rapidly heated, it does not melt until about 280°. 

(6) Resorcinol dimethyl ether. 7-50 G. of the condensation product 
were collected after 15 minutes, and a further quantity (0-5 g.) was 
obtained by diluting the mother-liquor. The product was extracted 
with a large volume of boiling acetic acid, and the insoluble material 
collected. The acetic acid solution deposited crystals, m. p. 180° 
after recrystallisation from benzene-alcohol. Its properties are 
in agreement with those of 2 : 4-dimethoxytetraphenylmethane, 
which was prepared by Gomberg and Forrester (loc. cit.) from 
2: 4-dimethoxytriphenylmethyl chloride and magnesium phenyl 
bromide. 

The material insoluble in acetic acid separated from benzene- 
alcohol in colourless crystals (1-1 g.), m. p. 271° (Found : C, 88-45; 
H, 66. C,g,H,,0, requires C, 88-7; H, 6:15%). 1: 3-Dimethoxy- 
4: 6-bistriphenylmethylbenzene is difficultly soluble in most of the 
common organic solvents but moderately easily soluble in benzene. 

(7) Pyrogallol. A solution of triphenylcarbinol (6 g.) in acetic 
acid (50 c.c.) and sulphuric acid (10 g.) was mixed with a solution 
of pyrogallol (6 g.) in acetic acid (10 c.c.), and after an hour the 
crystalline product was washed (dilute alcohol) and dried (7-99 g.). 
Purification of the product was complicated by the presence of 
another substance (in all probability formed by the di-tripheny]l- 
methylation of pyrogallol) whose removal was very difficult, as 
was shown by the high carbon content of the various preparations. 
After many recrystallisations from acetone, 3 : 4 : 5-trihydroxy- 
tetraphenylmethane was obtained as efflorescent colourless prisms 
which contained two molecules of acetone (Found : loss on heating 
at 80° in a vacuum, 21-4. C,,H, )0,,2Me,CO requires loss, 24-0%). 
The pure substance darkens at about 230° and melts with much 
decomposition at about 255°, the melt being black (Found : C, 81-0; 
H, 5-5. C,;H, 0, requires C, 81-5; H, 55%). 3:4: 5-Trihydroxy- 
tetraphenylmethane is difficultly soluble in alcohol, benzene, and 
acetic acid but easily soluble in hot acetone. 

(8) Pyrogallol trimethyl ether. At the end of a week the 3: 4: 5- 
trimethoxytetraphenylmethane (7-87 g.) was collected, washed (dilute 
alcohol), dried, and recrystallised from acetic acid; it then formed 
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colourless needles, m. p. 178° (Found : C, 81-6; H, 6:3. C,,H,,0, 
requires C, 81-9; H, 6-4%). 

(9) «-Naphthol. 7-25 G. of the reaction product were obtained 
asin (3). It was boiled with alcohol and the solution, after filtration 
from an insoluble residue (0-80 g.), deposited colourless clusters of 
prisms which contained one molecule of alcohol (Found : loss on 
heating at 80° in a vacuum, 10:5. C,,H,,0,EtOH requires loss, 
10-7%).. The pure 4-triphenylmethyl-l-naphthol melted at 204— 
204-5° (Found: ©, 89-9; H, 58; M, 359. C,.H,,0 requires 
C, 90-1; H, 5-7%; M, 386). 

The material insoluble in alcohol was crystallised from acetic acid 
and recrystallised from aqueous acetone, after which it formed a 
white powder (Found: C, 91-45; H, 6-1; M, 617, 605, 598. 
CygH3,0 requires C, 91-7; H, 5-8%; M, 628). 2: 4-Bistripheny- 
methyl-1-naphthol melts at 235—236°. 

(10) 8-Naphthol. The reaction mixture slowly deposited crystals 
of 1-triphenylmethyl-2-naphthol, which were collected at the end of 
a month, washed with dilute alcohol, dried (6-4 g.), and recrystallised 
from alcohol; m. p. 228° (Found: C, 89-9; H, 5-85. C, H,,.0 
requires C, 90-1; H, 5-7%). 

(11) Thymol.. The deep brown reaction mixture was left until 
the next day; the colour had then faded to light brown. It was 
poured into water, the mixture boiled, and tie resulting oil digested 
with sodium hydroxide solution, after which it solidified on cooling. 
It was taken up in ether, and the solution shaken with sodium 
hydroxide solution and dried over sodium sulphate. After removal 
of ether, the residue crystallised from methyl alcohol in colourless 
needles which, after drying in a vacuum over sulphuric acid for 
24 hours, melted at 106—107°. At a higher temperature the melt 
resolidified, and a second and sharp melting occurred at 157°. The 
low-melting material was heated in a vacuum at 80° (5 hours), then 
at 110° (4 hours), and finally at 148° (5 hours), a treatment which 
failed to bring about either an appreciable loss in weight or fusion 
of the substance. The dried material melted at 157°, and after 
recrystallisation from methyl alcohol was converted into the lower- 
melting form. 4-Hydroxy-2-methyl-5-isopropyltetraphenylmethan 
exists, therefore, in two crystalline modifications melting at 106— 
107° and 157° (Found in higher-melting form: C, 88-5; H, 7%. 
CygH,,0 requires C, 88-7; H, 7:2%). It is easily soluble in all 
organic solvents with the exception of cold methyl alcohol. 

(12) o-Chlorophenol. At the ond of 2 months the crude 3-chloro- 
4-hydroxytetraphenylmethane was collected, washed (dilute aceti( 
acid), dried (2-1 g.), and recrystallised first from alcohol and thea 
from ether-petrol; it then formed colourless silky needles, m. p. 
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193-5° (Found : :Cl, 9-6. C,,H,,OCI tequires'Cl, 96%). It is easily 
soluble in alcohol, benzene, and acetic acid but diffieultly soluble in 
petroland ether. It is stable towards a boiling mixture of hydriodic 
and acetic acids (see Part I). 

The acetic-sulphuric acid mother-liquor was poured into water 
and the resulting oil was digested with sodium hydroxide solution, 
after which it solidified on cooling: The well-washed and dried solid 
was dissolved in the minimum quantity of benzene, and on 
addition of alcohol gave colourless crystals of the benzene compound 
of triphenylmethane, m. p. 78°, which after loss of benzene melted 
at 93° and weighed 1-66 g. Evaporation cf the mother-liquor 
gave an intractable oil. 

(13) m-Chlorophenol. The reaction mixture was set aside for a 
month and was then heated on a boiling water-bath until the deep 
brown colour had faded. It was then poured into water, and the 
product worked up as under (12). 1-68 G. of triphenylmethane were 
isolated. 

(14) p-Ohlorophenol. This experiment was conducted exactly as 
under (13). 24 G. of triphenylmethane (m. p. and mixed m. p. 
with an authentic specimen; 93°) were isolated, together with an 
uncrystallisable oil. 

(15) o-Bromophenol. This experiment was similar to (12) with 
the exception that the reaction mixture was worked up after one 
month. The crude 3-bromo-4-hydroxytetraphenylmethane (1-68 g.) 
was recrystallised from alcohol; and formed a white crystalline 
powder, m. p. 186—187° with previous shrinkage (Found : Br, 19-5. 
C,;H,,0Br requires Br, 19-3%). From the acetic-sulphurie acid 
solution triphenylmethane (1-56 g.) was isolated. 

(16) p-Oresol. p-Cresol (3 g.) was added to a cold solution of 
triphenylearbinol (3 g.) in acetic acid (30 ¢.c.) and sulphuric acid 
(5g.). The next day the deep brown solution was full of crystals, 
and at the end of another day the solution was fuchsime-coloured. 
The crystals (2-43 g.) after recrystallisation from alcohol melted at 
33° alone or mixed with triphenylmethane. On working up the 
acetic-sulphuric acid solution as previously described, a further 
40 g. of triphenylmethane was obtained. Acidification of the 
sodium hydroxide extract produced a yellowish-brown precipitate 
of an amorphous substance (1-45 g.) which was easily soluble in 
alcohol, acetone, and acetic acid, but difficultly soluble in benzene, 
petrol, and chloroform. It dissolved in concentrated sulphuric 
acid to give a fuchsine-coloured solution. The substance shrinks 
at about 85° and melts between 100° and 110° with evolution of 
pas 


(17) p-Tolyl methyl ether. Sulphuric acid (13 g.) was added to a 
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solution of triphenylcarbinol (13 g.) and p-tolyl methyl ether (6-1 g. ; 
1 equiv.) in acetic acid (80 c.c.). After a month the mixture was 
heated on a boiling water-bath for 2 hours, and on cooling deposited 
almost pure triphenylmethane (10-05 g.). The mother-liquor was 
worked up as usual and gave a further quantity of triphenylmethane 
(1-98 g., making in all 12-03 g., t.e., 98-4% of the theoretical yield) 
together with a fuchsine-coloured resin which was insoluble in 
sodium hydroxide solution. 

(18) p-T'olyl ethyl ether. The reaction mixture was warmed at 75° 
for several -hours, and on cooling, triphenylmethane (3-13 g.) 
separated. A further quantity (1-95 g.) was obtained from the 
mother-liquor, together with a brown, uncrystallisable oil. 

(19) Quinol dimethyl ether. This experiment was conducted as 
described under (13), triphenylmethane (2-76 g.) and an oil being 
the only products. 

(20) Methyl salicylate. The orange-red solution was set aside for 
a month and then poured into water, and the mixture boiled until 
the precipitated oil had completely changed into a crystalline mass 
(5-76 g.), m. p. 159°, of almost pure triphenylcarbinol. 

The experiments with other members of group III were carried 
out in like fashion, the recovered triphenylcarbinol being always in 
almost theoretical yield. 

(21) o-Tolyl ethyl ether. Crude 4-ethoxy-3-methyltetraphenyl- 
methane (6-06 g.) was isolated as under (3), and after recrystallisation 
from benzene-alcohol formed colourless prisms, m. p. 144°. The 
substance is difficultly soluble in alcohol and acetic acid and easily 
soluble in benzene. 

By the condensation of triphenylearbinol with o-toluidine, van 
Alphen (Rec. trav. chim., 1927, 46, 501) obtained a base the diazonium 
sulphate of which furnished a compound (m. p. 143°) when boiled 
with alcohol. Although no analysis was given, the compound 
was suggested to be «-2-ethoxyphenyl-886-triphenylethane. In 
view of the revision of the structure of the original base (see 
Part I) it seemed desirable to re-open the investigation of this 
derivative. 

4-Amino-3-methyltetraphenylmethane.—A mixture of triphenyl- 
carbinol (20 g.) , o-toluidine (16 g.), concentrated hydrochloric acid 
(10 c.c.), and acetic acid (40 c.c.) was heated under reflux for an 
hour. The crystalline hydrochloride of the base which separated 
(26-8 g.) was boiled with a solution of sodium hydroxide (5 g.) in 60% 
alcohol (150 c.c.) for 2 hours, and the insoluble amine was collected, 
washed thoroughly with water, and dried (24 g.). After crystal- 
lisation from carbon tetrachloride it formed a white powder, m. p. 
216—217°. It was diazotised (4 g.) in a mixture of acetic acid (15 
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c.c.) and sulphuric acid (2 g.) at 30° with amyl nitrite (4c.c.). After 
standing for several hours in a warm place (25—28°) the solution 
was diluted with a considerable volume of ether; the precipitated 
diazonium sulphate, after being washed with ether and dried in a 
vacuum, melted at 106—107° with vigorous decomposition. 
4-Ethoxy-3-methyltetraphenylmethane.—The diazonium sulphate 
(4g.) was added in small portions to boiling absolute alcohol (60 c.c.) 
and after partial evaporation of the alcoholic solution, somewhat: 
brownish crystals were deposited (1-4 g.). These, after recrystallis- 
| ation from acetic acid and then from alcohol, were colourless, m. p.. 
143° (Found: C, 88-4; H, 7-1. C,,H,,0 requires C, 88-8; H, 
69%). A mixed melting-point determination with the compound 
prepared from o-tolyl ethyl ether and triphenylcarbinol showed no 
depression. 
4-Chloro -3 - methyltetraphenylmethane.—4 - Amino - 3-methyltetra- 
phenylmethane (15 g.) was diazotised as above, and the diazo- 
solution poured into boiling cuprous chloride—hydrochloric acid. 
The mixture was then poured into water, and the precipitated oil. 
extracted with benzene, shaken repeatedly with water, and dried 
over sodium sulphate. Light petroleum (b. p. 60—80°) was added 
to the concentrated benzene solution, and the sandy crystals (9-4 g.) 
which separated were recrystallised repeatedly from acetic acid. 
4-Chloro-3-methyltetraphenylmethane forms somewhat brownish 
crystals, m. p. 160° (Found: Cl, 8-6, 8-7.* C,,H,,Cl requires. 
Cl, 9-6%). It is stable towards both sulphuric acid and a mixture 
of hydriodic and acetic acids. 
o-Diphenylene-4-hydroxydiphenylmethane, SE >CPh-C.Hy-OH. 
644 
—o-Diphenylenephenylcarbinol was condensed with phenol as. 
described by Ullmann and Wurstemberger (Ber., 1904, 37, 73). Or 
boiling the o-diphenylene-4-hydroxydiphenylmethane with a mixture: 
of hydriodic and acetic acids it was converted into o-diphénylene- 
phenylmethane, m. p. 145° after crystallisation from alcohol. 
Diphenylyl-4-hydroxytriphenylmethane, C,H ,°C,H,°CPh,°C,H,°OH. 
—Diphenylyldiphenylcarbinol (Schlenk, Herzenstein, and Weickel, 
Annalen, 1910, 372, 18) (1-5 g.) and phenol (1-5 g.) were dissolved 
in acetic acid (15 c.c.), and sulphuric acid (2-5 g.) added. The- 
fuchsine-coloured solution was set aside for a week, and the con- 
densation product was then collected, washed (dilute alcohol), 
dried, and recrystallised three times from acetic acid, diphenylyl-. 
4-hydroxytriphenylmethane being obtained as white aggregates, 
* The low values obtained (by the method of Carius) are probably due to- 
the fact that even after prolonged heating at 320° some substance remainedi 
unoxidised. 
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m. p. 183° (Found:: C, 90-15; H, 6-2. C,,H,,O requires C, 90-25. 
H, 5-9%). 

The same substance was obtained when diphenylyldiphenylmethy| 
chloride (1 g.) was boiled with phenol (3 g.). The cherry-red 
solution gave off hydrogen chloride and eventually became almost 
colourless. The melt was digested with sodium hydroxide solution, 
and the residue (1-15 g.) crystallised from acetic acid; the product 
then melted at 183°, alone or when mixed with the previously 
prepared substance. 

Diphenylyl-4-hydroxytriphenylmethane is stable towards a 
mixture of hydriodic and acetic acids. 

The Decomposition of Tetra-arylmethane Derivatives.—Further 
investigation of the stability of the tetra-arylmethane derivatives 
has shown that fission of the types mentioned in Part I is fairly 
general. The following table is a summary of some further results 
in that connexion (compare Part I, pp. 634, 638). 


Action of sulphuric acid. 

Action of 
Wt. Time Yieldof _hydriodic- 
(g.). Temp. (mins.).CPh,-OH. acetic acid. 





3 : 4-Dihydroxytetraphenyl- 
methane 0-5 30 0-03 — Stable. 
3 : 4-Dimethoxytetraphenyl- 
methane 0-5 20 0-132 Demethylated. 
2 : 4-Dihydroxytetraphenyl- 
methane 0- 0-144 CHPh,. 
2 : 4-Dimethoxytetraphenyl- ke: 0-027 a 
methane 0-5 28 0-022 
3: 4: 5-Trihydroxytetra- 
phenylmethane 0-083 
3:4; 5-Trimethoxytetra- . 0-072 
phenylmethane : 0-146 
4-Hydroxy-2-methyl-5-iso- 
propyltetraphenylmethane 0- 15 0-058 3: 
3 : 5-Dibromo-4-hydroxy- 
tetraphenylmethane Stable. Stable. 
1-Triphenylmethyl-2- 
naphthol , 60 20 Nil. és 
4-Triphenylmethyl-1- ‘ 
naphthol ‘ 18 16 0-41 CHPh,. 
hrs. 


These decompositions are analogous to those of 2-hydroxytri- 
phenylmethane (Schmidt, Diss., Heidelberg, 1898, p. 26) and of the 
hexamethyl ether of phloroglucinolphthalein (Lund, J., 1928, 1569). 
The new data with regard to the decomposition by means of sulphuric 
acid form additional evidence that the Baeyer—Villiger reaction is 
reversible. 


In conclusion, the author wishes to express his gratitude to Pro- 
fessor D. R. Boyd, D.Sc., for valuable advice and criticism, and to 
the Chemical Society for a grant which has partly defrayed the cost 
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CXXX.—The Chemotherapy of some Bromine Deriv- 
atives of Phenylarsinic Acids and Arsenobenzenes. 


By ALAN HaYTHORNTHWAITE. 


ExnRLIcH, in his research on salvarsan, prepared 5 : 5’-di-iodo- 
3 : 3’-diamino-4 : 4'-dihydroxyarsenobenzene (Ehrlich and Hata, 
“Chemotherapy,” p. 34), but owing to its chemotherapeutic index 
being less than that of salvarsan, he did not pursue further the study 
of halogen derivatives of organic arsenicals. 

Thepresent investigation was undertaken todeterminethe influence 
on the chemotherapeutic index of the introduction of bromine into 
the nucleus of some of the simpler phenylarsinic acids and arseno- 
benzenes. The bromine was introduced in the o-, m-, and p-positions 
with respect to the arsenic by the use of Sandmeyer’s reaction on the 
corresponding aminophenylarsinic acids. The synthesis and the 
orientation of the o-bromo-acids were carried out as follows : 


As0(OH), As0(OH), 
a r 
NHAc NHAc NHAc 


In no case did the compound produced show an improved chemo- 
therapeutic index when compared with the corresponding compound 
containing no bromine. 

For the determination of the minimum curative dose (C), experi- 
ments were performed on mice infected with Trypanosoma equiper- 
dum and normal mice were used for the toxicity tests (7). The 
compounds soluble in sodium hydroxide solution were administered 
intravenously and those insoluble per os. 
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The following table shows the results obtained. 


Admin- 
istration. 
Intravenous 


C (mg. 
per g.). 
>0-05 
>0-01 


T (mg. 
Compound. per g.). 
Phenylarsinic acid 
4-Bromophenylarsinic acid 
Arsenobenzene 
4 : 4’-Dibromoarsenobenzene os 
4-Aminophenylarsinic acid Intravenous 
3-Bromo-4-aminophenylarsinic acid pe 
2-Bromo-4-aminophenylarsinic acid 
4 : 4’-Diaminoarsenobenzene 
3 : 3’-Dibromo-4 : 4’-diaminoarseno- 
benzene as 
2 : 2’-Dibromo-4 : 4’-diaminoarseno- 
benzene 
4-Acetamidophenylarsinic acid 
2-Bromo-4-acetamidophenylarsinic 
acid 
4:4’. tami 
2 : 2’-Dibromo-4 : 4’-diacetamido- 
arsenobenzene 
4-Hydroxyphenylarsinic acid 
3- ee Cletrtenphengioreiit 


> 
Per os 


> 
Per os 


—_—— 


’? 
Intravenous 


>? 
Per os 


nhenzene 





mm bo 
No ao oo 


’? 
Intravenous 


On 


22 oF 
or 


4:4 gre oe tate mnt 
3 : 3’-Dibromo-4 : 4’-dihydroxy- 
arsenobenzene 
3-Amino-4-hydroxyphenylarsinic 
acid 
5-Bromo-3-amino-4-hydroxy- 
phenylarsinic acid 0-75 
3 : 3’-Diamino-4 : 4’-dihydroxy- 
arsenobenzene 0-125 
5: 5’- Dibromo- 3: 3’ -diamino- 4:4’- 
dihyd: ‘oxyar obenz 0-05 
3- Aauteinileneneiegaiale acid ... 1-3 
5-Bromo-3-acetamido-4-hydroxy- 
phenylarsinic acid 0-3 
3 : 3’-Diacetamido-é4 : 4’-dihydroxy- 
arsenobenzene 0-175 0-03 58 
0-1 0-06 1-7 


i © 
oe 
bn 





>0-3 


5 : 5’-Dibromo-3 : 3’-diacetamido- 
4 : 4’-dihydroxyarsenobenzene 


Since this work was completed a description of 5-bromo-3-amino- 
4-hydroxyphenylarsinic acid and its acetyl derivative has been given 
by Fisher and Raiziss (J. Amer. Chem. Soc., 1929, 51, 527), but the 
method of preparation is different. 


EXPERIMENTAL. 


3-Nitro-4-aminoacetanilide was prepared from p-aminoacet- 
anilide according to the methods described in the literature (Ber., 
1884, 17, 148), but as these give no definite proof of the position of 
the nitro-group, its orientation was carried out as follows. 

3-Nitro-4-aminoacetanilide (5 g.), suspended in a mixture of 8 c.c. 
of sulphuric acid (d 1-84) and 100 c.c. of water, was diazotised below 
10° (sodium nitrite, 1-8 g.; water, 20 c.c.), 00 c.c. of absolute alcohol 





1921 
acidi 
Cale. 
acid, 
etc., 
Heid 
As, 2 
2-1 
acid 
36 c. 
solut 
18 g. 
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were added, and after some time the solid was collected, suspended 
in 50 c.c. of absolute alcohol, and heated with 2 g. of copper powder 
until the evolution of nitrogen ceased. The filtered solution, when 
poured into an excess of water, gave m-nitroacetanilide (m. p. 
150-5° after recrystallisation from water; yield, 1-9 g.), from which 
m-nitroaniline was obtained on hydrolysis. 

2-Nitro-4-acetamidophenylarsinic Acid (compare D.R.-P. 267307; 
Fourneau, Navarro-Martin, and Trefouel, Ann. Inst. Pasteur, 1923, 
590).—3-Nitro-4-aminoacetanilide (18 g.) was diazotised as described 
above (concentrated hydrochloric acid, 18 c.c.; water, 30. c.c.; 
sodium nitrite, 7-2 g.; water, 30 c.c.), the diazo-solution added to 
copper arsenite solution (Lewis and Cheetham, J. Amer. Chem. Soc., 
1921, 43, 2119) and boiled with charcoal, and the filtered liquid 
acidified. The arsinic acid obtained (12-8 g.) (Found: As, 24-6. 
Cale.: As, 24-7°%) gave m-nitroaniline when boiled with 50% sulphuric 
acid, and 2-amino-4-acetamidophenylarsinic acid (compare Fourneau, 
etc., loc. cit.) when reduced at 30° by ferrous sulphate (Jacobs, 
Heidelberger, and Rolf, J. Amer. Chem. Soc., 1918, 40, 1581) (Found : 
As, 27-2. Cale. : As, 27-4%). 

2-Bromo-4-acetamidophenylarsinic Acid.—The preceding amino- 
acid (30 g.) was diazotised at 0—5° (concentrated sulphuric acid, 
36 c.c.; water, 200 c.c.; sodium nitrite, 8 g.; water, 24 c.c.), the 
solution poured into hot cuprous bromide solution (copper sulphate, 
18 g.; copper foil, 14 g.; potassium bromide, 72 g.; water, 90 c.c.) 
and kept over-night, and the crude acid purified by means of the 
sodium salt. 2-Bromo-4-acetamidophenylarsinic acid (10 g.) separ- 
ated on acidification (Congo-red) in white irregular plates (Found : 
As, 21-9; Br, 23-4. C,H,O,NBrAs requires As, 22-2; Br, 23-7%). 
It crystallised in hexagonal plates from hot water and was soluble 
inhot alcohol. The barium and calcium salts crystallised in rosettes 
of needles, the magnesium salt was amorphous. 

2-Bromo-4-aminophenylarsinic Acid.—30 G. of the preceding acid 
were refluxed for 10 minutes with 300 c.c. of water and 90 c.c. of 
concentrated hydrochloric acid. The amino-acid, precipitated with 
sodium acetate solution and purified by Christiansen’s method 
(J. Amer. Chem. Soc., 1920, 42, 2403), crystallised in white irregular 
plates (yield, 15 g.) (Found: As, 25-1; Br, 26-6. C,H,O,NBrAs 
requires As, 25:3; Br, 27-:0%). It crystallised from hot water in 
colourless plates and was soluble in hot alcohol. The calcium and 
magnesium salts were amorphous. 

3-Bromo-4-hydroxyphenylarsinic acid was prepared from 3-amino- 
+hydroxyphenylarsinic acid (20 g.) in the usual way and purified 
through the sodium salt (yield, 8-5 g.) (Found: As, 25-4; Br, 26-5. 

sH,0,BrAs requires As, 25-3; Br, 26-99%). It was soluble in hot 

NN 
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alcohol and crystallised from hot water in irregular plates. The 
crystalline calcium salt was insoluble in hot water but very soluble in 
cold. The magnesium salt was amorphous. 

5-Bromo-3-acetamido-4-hydroxyphenylarsinic acid (compare 
Fisher and Raiziss, loc. cit.) (9 g.) was similarly prepared from 
5-amino-3-acetamido-4-hydroxyphenylarsinic acid (15 g.) and 
purified (Found : As, 21-0; Br, 22-4. Cale.: As, 21-2; Br, 22-69%), 
It gave 5-bromo-3-amino-4-hydroxyphenylarsinic acid in 60°% yield 
when hydrolysed with 25% sodium hydroxide solution (Found: 
As, 23-9; Br, 25-4. Calc.: As, 24-0; Br, 25-6%). 

The following arsenobenzenes, which are all yellow, amorphous 
powders, were prepared by means of sodium hydrosulphite from the 
respective phenylarsinic acids : 4 : 4'-Dibromoarsenobenzene (Found: 
As, 32:2; Br, 32-8. C,,H,Br,As, requires As, 32-5; Br, 34-6°); 
3 : 3’-dibromo-4 : 4’-diaminoarsenobenzene (Found: As, 29-3; Br, 
29-0. C,,H,)N,Br,As, requires As, 30-5; Br, 32-5%); 2: 2'-4i- 
bromo-4 : 4'-diaminoarsenobenzene (Found: As, 28-5; Br, 32-2°%); 
4 : 4’-diacetamidoarsenobenzene (Found: As, 35-0. CjgH,,0,N,As 
requires As, 35-99%); 2: 2’-dibromo-4 : 4’-diacetamidoarsenobenzeng 
(Found: As, 25-0; Br, 27-7. C,gH,,0,N,Br,As; requires As 
26-0; Br, 27-8%). All the above arsenobenzenes are insoluble it 
sodium hydroxide solution, and the following are all soluble 
3 : 3’-Dibromo-4 : 4'-dihydroxyarsenobenzene (Found : As, 29-2; Br 
28-4. C,,H,O,Br,As, requires As, 30-4; Br, 32-4%); 5:5’ 
bromo-3 : 3'-diamino-4 : 4'-dihydroxyarsenobenzene (Found: A: 
27-3; Br, 29-1. C,,H, 0,N,Br,As, requires As, 28-6; Br, 30-5%) 
5 : 5'-dibromo-3 : 3'-diacetamido-4 : 4’ -dihydroxyarsenobenzene (Fount 
As, 25:0; Br, 24-9. C,,H,,0,N,Br,As, requires As, 24-7; By 
26-3%). 

Tue RESEARCH LABORATORIES, Messrs. May & BAKER, Lrp., 

WanpswortH, S.W. 18. [ Received, March 6th, 1929.] 





CXXXI.—The Determination of Unsaturated a 
Aromatic Hydrocarbons in Light Oils and Mot 
Spirits. 


By ALEXANDER BERNARD MANNING. 


In the course of a systematic examination of the various produ 
of carbonisation of coal at different temperatures and in differ 
types of retort, the problem arose of determining the compositit 
of the light oils obtained. The study of these light oils, which hi 
a boiling range of ca. 30—170°, throws considerable light on * 
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processes occurring during carbonisation, and is of importance also 
as affecting the utilisation of the refined oils as motor spirits. In 
analysing light hydrocarbon oils of this character, it is sufficient 
for most purposes to determine the relative proportions of un- 
saturated, aromatic, naphthene, and paraffin hydrocarbons. It is 
evident that, if a method for such a determination is once estab- 
lished, a more complete knowledge of the composition of the oil is 
readily attained by applying the method to suitably chosen fractions 
of the original oil. 

Details of typical methods which have been used for the analysis 
of light oils will be found in papers by, e.g., Egloff and Morrell 
(J. Ind. Eng. Chem., 1926, 18, 354), Kattwinkel (Brennstoff-Chem., 
1927, 8, 353), and Brame (J. Inst. Pet. Tech., 1926, 12,48; Brame 
and Hunter, ibid., 1927, 13, 794). Such methods usually depend on 
observing the successive losses in volume when the oil is shaken 
(a) with a reagent which absorbs the unsaturated but not the 
aromatic hydrocarbons, and (6) with a second reagent which absorbs 
the aromatic but not the saturated hydrocarbons. To avoid the 
difficulty of completely separating the reagent and the oil, it has 
been proposed to calculate the percentage of aromatic hydrocarbons 
in oils from which the unsaturated hydrocarbons have been removed, 
from the change in some physical property of the oil, e.g., its specific 
gravity (Thole, J. Soc. Chem. Ind., 1919, 38, 391) or its “ aniline 
point ’’ (Tizard and Marshall, ibid., 1921, 40, 207), before and after 
treatment with the reagent. As reagents for the first absorption, 
sulphuric acids of various concentrations from 80 to 87% have 
been proposed, but it has been shown (Brame, loc. cit.) that the 
80°, acid will not completely remove the unsaturated hydrocarbons, 
and the 87% acid attacks the aromatic hydrocarbons. A further 
difficulty arises from the polymerising action of the acid on the 
unsaturated hydrocarbons, with the formation of products which are 
insoluble in the acid. Sulphuric acids of concentrations from 97 
to 100%, and also various concentrations of fuming acid, have been 
proposed as reagents for the removal of aromatic hydrocarbons, but 
again the difficulty arises of obtaining a sharp separation of the 
two classes of hydrocarbons. Appreciable errors can arise also 
from the solubility of the saturated hydrocarbons in the acid solution 
of the sulphonated aromatic compounds. 

Methods of determining the unsaturated hydrocarbons from the 
bromine or iodine values of an oil can only be regarded as approx- 
imate, being liable to relatively large errors (Brame, loc. cit.). 

Little progress has been made in the problem of determining the 
relative proportion of cyclic (naphthene) and straight-chain (paraffin) 
hydrocarbons in the oil from which the unsaturated and aromatic 
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hydrocarbons have been removed. The use of the “ aniline point ” 
for this purpose is hardly legitimate in view of our scanty know- 
ledge of the aniline points of the possible saturated hydrocarbons 
present in the light oil. Indeed, our limited knowledge of the 
properties of the individual hydrocarbons which might be present 
in the light oils under discussion, and the very small number of 
such hydrocarbons readily available in the pure state for making 
test mixtures of known composition, constitute fundamental diffi- 
culties in any investigation of methods of analysis of complex 
hydrocarbon oil mixtures. 

In the search for a method which would avoid some, at least, of 
the difficulties discussed above, and which, moreover, could be used 
when only small quantities of the light oil were available, a line of 
investigation was followed which was suggested by the methods of 
gas analysis. A small quantity of the oil, vaporised in a current of 
air, was passed through a suitable reagent, the increase in weight 
of which was determined. A convenient and readily available form 
of apparatus consists of a stoppered U-tube and two potash bulbs 
in series. The light oil is weighed into the U-tube and the 
bulbs are charged with the absorbing liquid. A gentle current of 
dry carbon dioxide-free air (or nitrogen) is passed through the 
train until the oil has completely vaporised and the absorbing bulbs 
have attained constant weight. The reagent used is such that the 
constituent to be absorbed is taken up completely in the first set 
of bulbs. The function of the second set is discussed later. 

With these experimental conditions the complete evaporation of 
an average sample of light oil (0-2—0-5 g.) requires 2—8 hours, 
but this could doubtless be expedited by improving the design of 
the U-tube. To avoid difficulties due to non-volatile residues it is 
sometimes advisable to redistil the oil immediately before the 
analysis. 

Determination of Aromatic Hydrocarbons in Mixtures containing 
no Unsaturated Hydrocarbons.—Preliminary experiments on mixtures 
of this type showed that 98% or even 100% sulphuric acid failed to 
absorb benzene and toluene completely. The 98% acid, for example, 
took up only about 70% of the benzene present. Complete 
absorption took place with fuming sulphuric acid (5% SO,), but 
this reagent also attacked the saturated hydrocarbons. It was 
found, however, that the addition of 2—3% of silver sulphate to 
the 98% acid greatly accelerated the sulphonation of benzene and 
its homologues, and did not affect the action of the acid on the 
saturated hydrocarbons. This reagent proved entirely satisfactory 
for the analysis of these oils. Under the experimental conditions 
described, there is always a slight absorption of the saturated hydro- 
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carbons, varying from 0-1 to 1-0%, but the use of a second set of 
absorbing bulbs through which only the saturated hydrocarbons 
pass, permits a correction to be made for this absorption. For 
instance, in one experiment with a synthetic mixture of benzene 
and saturated hydrocarbons containing 16-3°% of the former, the 
absorptions in the two sets of bulbs were 17-15 and 0-80% respect- 
ively, giving a corrected figure of 16-35% for the aromatic hydro- 
carbons. The method has been found satisfactory for the deter- 
mination of aromatic hydrocarbons in motor spirits which do not 
contain cracked distillates, and for the determination of paraffins in 
technical benzol, toluol, and xylol. The application of the method 
is illustrated by the following results : 


(I) Synthetic mixture containing 4-4% of benzene and 95°6% of 
saturated hydrocarbons. Found: 4-45%. 

(II) Synthetic mixture containing 48-59% of aromutic hydro- 
carbons (benzene, toluene, and xylene in approximately equal 
amounts). Found: 484%. 

(III) An aviation spirit. Found: 18-4% of aromatic hydro- 
carbons. Calculated from the weight of aromatic nitro-compounds 
formed (see below): 18-5%. 

(IV) A technical toluol. Found: 94:3% of aromatic hydro- 
carbons, 7.¢., 5-7% of paraffins. 


Determination of both Unsaturated and Aromatic Hydrocarbons in 
Hydrocarbon Mixtures.—Sulphuric acid of various concentrations 
from 80 to 90% was found incapable of removing unsaturated 
hydrocarbons completely without attacking aromatic hydrocarbons ; 
moreover some of the unsaturated hydrocarbons polymerised to 
form volatile compounds which were not retained by the acid. 
The procedure finally adopted was to absorb unsaturated: and 
aromatic hydrocarbons together in a suitable nitrating mixture 
(10% concentrated nitric acid, or preferably about 16% of potassium 
nitrate, in concentrated sulphuric acid), a second absorber being 
used as before.. The correction found is usually somewhat higher 
(0-5—2-0%) than with the silver sulphate-acid reagent, but the 
absorption of both unsaturated and aromatic hydrocarbons by the 
nitrating mixture is complete and difficulties due to polymerisation 
do not arise. The corrected increase in weight of the absorbing 
bulbs, therefore, gives the total aromatic and unsaturated hydro- 
carbon content of the oil. To determine the aromatic hydrocarbons 
separately they are then isolated in the form of their nitro-deriv- 
atives. The solution in the acid mixture, preferably with the 
addition of a little more nitric acid, is heated in the water-bath for 
2—3 hours in order to complete the nitration of the aromatic hydro- 
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carbons and the oxidation of the unsaturated hydrocarbons. After 
cooling, the acid solution is poured into excess of water and the 
nitro-compounds are extracted with three 50 c.c. portions of benzene. 
The benzene solution is then extracted with a 10% solution of 
sodium hydroxide, washed with water, evaporated nearly to dryness 
in a tared flask, dried in a current of air at room temperature, and 
finally in a vacuum desiccator. The weight of nitro-compounds 
multiplied by the factor 0-452 gives the weight of the corresponding 
aromatic hydrocarbons present in the light oil. The value of this 
factor is based on experiments with the pure hydrocarbons, benzene, 
toluene, and m-xylene, which are converted, respectively, into 
dinitrobenzene and trinitro-toluene and -m-xylene in 96% yield in 
each case, and the conversion factors calculated on this basis are 
0-485, 0-422, and 0-456 respectively; mean 0-452. The other 
aromatic hydrocarbons which might be present in light oils yield 
in general trinitro-derivatives, and only in very exceptional oils 
would they occur in such amount as appreciably to affect this 
factor. Under the experimental conditions used, the unsaturated 
hydrocarbons are oxidised almost completely to carbon dioxide, 
water, and products (presumably acidic) soluble in water or in 
aqueous sodium hydroxide. 

The value for the percentage of aromatic hydrocarbons obtained 
from the weight of nitro-compounds is, however, always slightly 
high, owing to contamination with products from the unsaturated 
hydrocarbons. The error is variable but may be given as roughly 
one unit on the percentage for every 20% of unsaturated hydro- 
carbons present. It is serious when the oil contains a high propor- 
tion of unsaturated and only small quantities of aromatic hydro- 
earbons. It can, however, be diminished by removing some of the 
unsaturated hydrocarbons before passing the vapour into the 
nitrating mixture. This may be done by interposing in the absorb- 
ing train a vessel charged with 70% sulphuric acid, which has no 
effect on the aromatic hydrocarbons but removes some of the more 
troublesome of the unsaturated hydrocarbons. It is preferable, 
therefore, to run two experiments in parallel, one for the deter- 
mination of the unsaturated and aromatic hydrocarbons together, 
using the apparatus described, and a second for the separate deter- 
mination of the aromatics only. A convenient form of train for the 
latter consists of a U-tube, a set of potash bulbs charged with 70°, 
sulphuric acid, and two stoppered gas-washing bottles of 30—40 c.c. 
capacity, charged with the nitrating mixture. In this determination 
it is necessary to weigh only the U-tube. Moreover, the subsequent 
treatment of the nitrating mixture is facilitated by the use of the 
gas-washing bottles instead of potash bulbs. 
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A more accurate value for the percentage of aromatic hydro- 
carbons and some knowledge of the relative proportions of the 
different members of the series present are obtained by fractionating 
the oil through an efficient column, fractions being taken at 95° 
and 124°. The aromatic hydrocarbons in the three fractions are 
then determined separately, 0-485, 0-422, and 0-456, respectively, 
being used as factors for the conversion of the weights of the nitro- 
compounds into those of the corresponding hydrocarbons. Instead 
of being weighed, the nitro-compounds may be determined by 
titration with titanous chloride, but there is no advantage in using 
this reagent when the total aromatic hydrocarbons are being deter- 
mined in an oil in which the relative proportions of benzene, toluene, 
etc., are unknown. The method should always be used, however, 
for oils high in unsaturated but low in aromatic hydrocarbons, the 
oil being first fractionated in order to separate the latter. The 
following results illustrate the use of the method. 


% Cale. % Found. 
I. Synthetic mixture. 
Benzene 
Amylene 
Saturated hydrocarbons 


II. Synthetic mixture. 
Aromatic hydrocarbons (benzene, toluene, and 
xylene) 
Unsaturated hydrocarbons (amylene and hexy]- 
ene) 
cycloHexane 
Other saturated hydrocarbons 


III. Crude light oil from carbonisation of coal at 625°. 


Benzene 

Toluene 

Xylene and higher aromatic hydrocarbons 
Unsaturated hydrocarbons 

Saturated hydrocarbons 


IV. The same light oil after refining. 


Aromatic hydrocarbons 
Unsaturated hydrocarbons 
Saturated hydrocarbons 


V. A power petrol. 


Aromatic hydrocarbons 
Unsaturated hydrocarbons 
Saturated hydrocarbons 


VI. A light oil obtained from the hydrogenation (“‘ ber- 
ginisation ”’) of coal. 


% | 
j 27-6% 


4 
2 
0 
+ 


3- 
6- 
Xylene and higher aromatic hydrocarbons 18- 
Unsaturated hydrocarbons 10- 
Saturated hydrocarbons ................+6 sdsssetubds 62-0 


* By titration; but 8-5% from the weight of nitro-compounds. 
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A few points of interest which have arisen during the present 
investigation may be mentioned. 

When amylene is vaporised in a current of air and passed into 
97% sulphuric acid, it is at first apparently absorbed, but soon 
begins to separate again on the surface of the acid as an insoluble 
mixture of polymerides, which are slowly volatilised with continued 
passage of air until almost the whole of the amylene is again removed 
from the acid. This result confirms the observation of Ormandy 
and Craven (J. Soc. Chem. Ind., 1928, 47, 3177) on the polymers. 
ation of olefins by sulphuric acid. No such polymerisation occurs 
when amylene is passed into the nitrating mixture or into sulphuric 
acid containing 10% of chlorosulphonic acid. 

Under the experimental conditions above described, aromatic 
hydrocarbons are attacked to a greater or less extent by sulphuric 
acid of 80% or higher concentration, but not by 70% acid. 

When benzene is passed into the nitrating mixture the product 
of the reaction even in the cold is dinitrobenzene; no mononitro- 
benzene is formed. The dinitrobenzene remains unchanged during 
the subsequent heating. Toluene is converted directly into the 
dinitro-derivative in the cold, but on heating to 100° this is further 
nitrated to trinitrotoluene. 

An attempt is being made to extend the method in order to 
obtain some information as to the composition of the saturated 
hydrocarbons. 


In conclusion, the author wishes to express his. thanks to the 
Director of Fuel Research for permission to publish the present 
communication. 


H.M. Fuet ResEarcH STATION, 
East GREENWICH, S.E. 10. [Received, January 31st, 1929.) 





CXXXII.—Some Derivatives of Arylthioarsinous Acids. 


By Harry JAMES BARBER. 


Tue formation of metallic derivatives of almost all aliphatic and 
aromatic thiol compounds is well known; of particular interest are 
those derived from a thiol compound containing an acidic group 
capable of forming neutral salts, ¢g., «-thiolacetic acid. The 
metallic thiolacetates constitute a means of obtaining metals in 
neutral aqueous solution in a non-ionised condition.and may there- 
fore find therapeutic application. The great therapeutic activity 
of aromatic arsenicals containing tervalent arsenic as compared with 
the corresponding arsinic acids renders the preparation of soluble 
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derivatives of these important and it seemed likely that thiol- 
acetates and other compounds of that type could be obtained from 
arylarsenious oxides and dihalogenoarsines in the same way as from 
arsenious oxide. This was found to be the case, the normal reaction 
to be expected taking place with formation of an arylthioarsinite : 


Ar-As:0 + 2RSH —-> Ar-As(SR), + H,0. 


The part of the present work dealing with the above reaction has 
been anticipated in some degree by Kharasch in an American 
patent (No. 1,677,392), 

A study of the properties and reactions of the di(carboxymethyl) 
arylthioarsinites led to the discovery that in acid, alkaline, or 
neutral solution the thiol group of an organic thiol compound 
reduces the quinquevalent arsenic atom of an arsinic acid to the 
tervalent state, and the. compound produced combines with the 
excess of the thiol compound, giving the same compound as would be 
produced from the tervalent arsenic derivative according to the above 
equation. The reaction is represented thus : 


Ar-AsO(OH), -+ 4RSH —> Ar-As(SR), +- 3H,O + RS-SR. 


This method serves for the preparation of all the compounds of the 
above type for which it has been tested up to the present and is of 
much wider application than that involving the tervalent arsenic 
derivative, since it is frequently a matter of some difficulty to 
prepare the arylarsenious oxide or dihalogenoarsine by the usual 
methods from the arsinic acid. 

The di(carboxymethy]) arylthioarsinites are in general well-defined 
crystalline solids. Acid does not liberate thiolacetic acid; nor does 
hydrolytic fission occur with alkali, as the alkali-metal salts of the 
di(carboxymethyl) arylthioarsinites can be obtained from strongly 
alkaline solutions. These salts are neutral and generally extremely 
soluble in water and have pronounced therapeutic activity. In 
alkaline solution the arylthioarsinites give an intense nitroprusside 
reaction, although it has been shown that no fission to free thiol 
compound has occurred. They can be titrated with iodine in acid 
or in bicarbonate solution, 


Ar-As(SR), + 21, + 3H,0 —> Ar-AsO(OH), + 4HI + RS-SR; 


the same end-point is obtained with nitroprusside as an external 
indicator as with starch. This shows that the oxidation does not 
involve oxidation of the thiol or potential thiol groups, followed by 
the oxidation of the tervalent arsenic atom to the quinquevalent 
state. The arylthioarsinites are oxidised in alkaline solution by 
atmospheric oxygen to the parent arsinic acids, this process being 
much more rapid than is the case with the corresponding aryl- 
NN2 
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arsenious oxides. Moreover the oxidation of the latter is acceler. 
ated by the presence of the disulphide form of the thiol compound. 

This oxidation is being studied in detail, as it is obviously a type 
of reaction which may occur in the body on administration of such 
thiol compounds. The biological significance of this reaction and 
the reduction of arsinic acids by thiol groups will probably be 
discussed elsewhere. The arylthioarsinites are reduced by sodium 
hyposulphite to the corresponding arseno-compounds in the same 
way as are arsinic acids and arylarsenious oxides. 

The molecular-weight figures are those found by means of iodine 
titration according to the equation given above. 


ExPERIMENTAL. 

Di(carboxymethyl) 4-Aminophenylthioarsinite, 
NH,°C,H,°As(S-CH,°CO,H),. 
—4-Aminophenylarsinic acid (2-2 g.) is added to a neutral solution 
of thiolacetic acid (3-8 g.) in 40 c.c. of N-sodium hydroxide. The 
arsinic acid dissolves and the solution remains neutral. On acidific- 
ation with acetic acid the thioarsinite crystallises. It is sparingly 
soluble in cold water, more readily in hot, readily soluble in glacial 
acetic acid, and crystallises from hot water or dilute acetic acid 
in needles, m. p. 142—143° (Found: As, 22-1; N, 4:2; WM, by 
iodine titration, 356. C, 9H,,0,NS,As requires As, 21-5; N, 4.0%; 
M, 349). 

Di(carbethoxymethyl) 4-Aminophenylthioarsinite—A solution of 
4-aminophenylarsinic acid (2-2 g.) in 2N-hydrochloric acid (20 c.c.)is 
stirred with ethyl thiolacetate (5 g.) and after an hour the hydro- 
chloride of the required ester is collected, washed free from ethyl 
dithiodiacetate with ether, and recrystallised by solution in water 
and addition of excess of hydrochloric acid. It forms needles, 
m. p. 100—105°, soluble in but hydrolysed by water; it is also 
soluble in alcohol and acetic acid but insoluble in ether (Found: 
As, 16-7. C,,4H,j0,NS,As,HCl requires As, 17-0%). The free base 
has only been obtained as an oil insoluble in water but readily 
soluble in organic solvents. In cold alkali the carbethoxy-group 
is hydrolysed, the di(carboxymethyl) thioarsinite being formed. 

Di(carbamylmethyl) 4-aminophenylthioarsinite may be obtained 
from the preceding ester and aqueous ammonia but is most readily 
prepared by adding 4-aminophenylarsinic acid (2-2 g.) to a hot 
solution of thiolacetamide (3-8 g.) in 50 c.c. of water; on cooling, it 
separates in colourless needles, m. p. 145°, sparingly soluble in cold 
water, readily soluble in hot water and glacial acetic acid (Found : 
As, 21-6; N, 11-9; M, by iodine titration, 347. C,gH,,0,N,S,As 
requires As, 21-6; N, 12-1%; M, 347). 
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Di(carboxymethyl) 3-Amino-4-hydroxyphenylthioarsinite—This is 
prepared from 3-amino-4-hydroxyphenylarsinic acid (2-3 g.) by the 
method used for the 4-amino-compound. It is dissolved in the 
minimum quantity of 25% sodium hydroxide solution required to 
give a solution neutral to litmus, and excess of alcohol added; the 
disodium salt then crystallises in needles. The pure acid recovered 
from this crystallises in colourless prismatic needles, m. p. 157—158°, 
sparingly soluble in cold water and alcohol, more readily soluble in 
hot, and readily soluble in glacial acetic acid (Found: As, 20-2; 
N, 3:8; 8, 17-6; M, by iodine titration, 363. C,9H,.0;NS,As 
requires As, 20-5; N, 3-8; 8,.17-5%; M, 365). 

Di(carbamylmethyl) 3 - amino - 4 - hydroxyphenylthioarsinite forms 
needles, m. p. 132—133° (Found: As, 21-1; N, 11-5; M, 363. 
CoH 403N,5,As8 requires As, 20-65; N, 11-6%; M, 363). 

Di(8-carboay-B-aminoethyl) 3-Amino-4-hydroxyphenylthioarsinite. 
—A warm solution of 3-amino-4-hydroxyphenylarsinic acid (2-3 g.) 
and cysteine hydrochloride (6-5 g.) in 100 c.c.. of water is neutralised 
with ammonia, and the product filtered off rapidly before the cystine 
produced crystallises. The product, after solution in dilute hydro- 
chloric acid (charcoal) and recovery, crystallises in very fine, matted 
needles (Found: As, 17-5; N, 9-9. C,.H,,0;N,8,As requires As, 
17:7; N, 9°9%). 

Di(carboxymethyl) 5 - Acetamido - 2 - hydroxyphenylthioarsinite. — 
5-Acetamido-2-hydroxyphenylarsinic acid (5-5 g.) is added to a 
solution of thiolacetic acid (7-5 g.) in benzene (50 c.c.) and stirred 
well for afew minutes. The arsinic acid changes to a clear oil which 
then rapidly crystallises. The product is filtered off, washed with 
ethyl acetate (to remove dithiodiacetic acid), and recrystallised 
from hot water; m. p. 172—174° (Found: As, 18-6; M, 403. 
C,.H,,0,N,8,As requires As, 18-5%; M, 405). 

Di(carboxymethyl) 4 -Carbamylmethylaminophenylthioarsinite. — 
Sodium N-phenylglycineamide-4-arsinate (“‘ tryparsamide ”’) (6-1 g.) 
is dissolved in water (50 c.c.), and thiolacetic acid (7-2 g.) in 
2N-sodium hydroxide (40 c.c.) added. On acidification with hydro- 
chloric acid the product is obtained as an oil which crystallises. It 
is purified through its sodium salt (square plates) and obtained from 
hot water in long slender prisms, m. p. 90° (Found: As, 18-1; 
M, 407. C,,H,;0;N,S,As requires As, 18-5%; M, 406). 

Di(carboxymethyl) 8 - acetamido - 3 - hydroxy-1 : 4-benzisooxazine- 
6-thioarsinite is obtained from the corresponding arsinic acid 
(Newbery, Phillips, and Stickings, J., 1928, 3060) in a similar way, 
and crystallises in needles, m. p. 212° (decomp.) (Found : As, 16-1 ; 
M,460. C,,H,,0,N,S,As requires As, 16-2%; M, 462). 

Di(carbamylmethyl) 8-acetamido - 3-hydroxy-1 : 4-benzisooxazine- 
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6-thioarsinite, obtained in the usual way from the arsinic acid 
and thiolacetamide in aqueous solution, forms needles, m. p. 233— 
235°; from 25% acetic acid (Found: As, 16-9; WM, 464. 
C,,H,,0,N,S,As requires As, 16-39%; M, 460). 

Di(8-carboxy-8-aminoethyl) 8-acetamido-3-hydroxy-1 : 4-benziso- 
oxazine-6-thioarsinite, obtained from the arsinic acid and cysteine 
hydrochloride in the manner described above for the 3-amino-. 
4-hydroxyphenylarsinic acid, crystallises in extremely fine, matted 
needles which set to a gel-like substance (Found: As, 13-8, 
€,¢H,,0,N,8,As requires As, 144%). 

Di(B-hydroxyethyl) 8 -acetamido- 3 -hydroxy-1 : 4-benzisooxazine 
6-thioarsinite, obtained from the arsinic acid (3-3 g.), dissolved in a 
slight excess of dilute aqueous ammonia, and {-hydroxyethy]l 
mercaptan (32 g.), crystallises in needles (Found: As, 17-8, 
C,,H,,0;N,8,As requires As, 17-3%). 

REsPaRcH LABORATORIES, Messrs. May & Baker, LTp., 

Wanpsworts, S.W. 18. [Received, March 7th, 1929.] 





CXXXITI.—T hiolacetamide as a Reagent for 
identifying Arsinic Acids. 
By Harry James BARBER, 


A DIFFICULTY frequently encountered in the chemistry of organic 
arsenic derivatives is that of establishing the identity of a product. 
It is the exception rather than the rule for an arsinic acid to 
have a true melting point. The comparison of the calcium, 
barium, and magnesium salts under standard conditions (King and 
Murch, J., 1924, 125, 2601)'is a useful but by no means decisive 
guide. 

Arsinic acids are reduced by thiol compounds (see preceding 
paper) and it is shown here that the di(carbamylmethy]l) arylthio- 
arsinites which can be prepared by that method have, in general, 
definite melting points which are depressed by admixture with other 
di(carbamylmethyl) arylthioarsinites. It is suggested that these 
well-defined crystalline compounds may be a valuable additional 
means of identifying and characterising arsinic acids. The pre- 
paration is very simple and can be carried out with small amounts of 
material; moreover, the arsinic acid can be recovered by mild 
oxidation of the thioarsinite. The conditions for the preparation 
are varied somewhat according to the nature of the arsinic acid. 
In the normal ease the arsinic acid is added to a hot aqueous solu- 
tion of thiolacetamide (4 mols.); the arsinic acid dissolves, and the 
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thioarsinite crystallises on cooling. The reaction is represented by 
the equation Ar-AsO(OH), + 4SH-CH,*CO-NH, ——> 
Ar-As(S-CH,*CO-NH,), + (‘S*CH,°CO-NH,), + 3H,0. 
With sparingly soluble arsinic acids it is more convenient to use 
a solution of the sodium salt of the arsinic acid, and with nitro- 
compounds the reaction should be carried out in the cold to minimise 
the possibility of reduction of the nitro-group by the thiol compound. 
The thioarsinites can be recrystallised from hot water or from 
aqueous acetic acid and can be estimated rapidly by direct titration 
with standard iodine:solution: 


Ar-As(S*CH,-CO-NH,), ++ 21, + 3H,0 —> 
Ar-AsO(OH), ++ (*S‘*CH,*CO-NH,), + 4HI. 


Ex PERIMENTAL. 


The following table, which gives the data for a number of typical 
arsinic acids, serves as an indication of the use of the method. The 
melting points are uncorrected figures. In the case of the higher- 
melting substances it is more satisfactory to heat the melting-point 
bath fairly rapidly so as to obtain sharper melting points. The 
molecular weights recorded were determined by dissolving 0-2 g. 
of thioarsinite in 50 c.c, of warm 2N-acetic acid, adding 50 c.c. of 
water, and titrating the warm solution (usually at about 40°) with 
V/10-iodine, with starch as indicator. 


Thioarsinite. Molecular wt. 


Arsinic acid. M. p. Formula. Cale. Found. 
Phenyl 129—130° C,,H,,;0,N,8,As 332 331 
2-Aminophenyl 140 C,o>H,,O,.N,8,As' 347 351 
4-Aminophenyl 145 CH 4O2N gog4s 347 347 
2-Hydroxyphenyl C,,9H,;0;N,8,As 348 348 
4-Hydroxyphenyl 160—162 C,,H,,;0,;N,8,As 348 351 
3-Amino-4-hydroxy- 

phenyl 132—133 C,H,O;N,8,As 363 363 
3- } porte hydroxy- 

phenyl 176 C,.H,,0,N;5,As 405 405 
5-Acetamido-2-hydroxy- 

phenyl C,.H,,0,N;8,As 405 408 
3-Amino-4-methylamino- ; 

heny] 141—143 Gut weAs 382 

j 4-Chlorophenyl 134—136 C,,H,,0,N,CIS,As 366-5 
: 4-Chloro-3-nitrophenyl 142—143 CieH,,0 4N;CIS,As 411-5 
3: 5-Diamino-4-hydroxy- 
, Pheny 1 159—161 C,,H,,;0,N,S,As 378 
: 6-Diacetamidophen- 
~ oxyacetic acid 4-arsinic 
acid 157 C,,.H,,0,N,8,As 520 532 
8-Acetamido-3-hydroxy- 
1 : 4-benzésooxazine-6- 








233—235 C,,H,,0,N,S,As 460 464 


Mixtures of the preceding di(carbamylmethyl]) arylthioarsinites 
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melt as follows: b and c, 124°; d and e, 142°; a and f, 110—115°; 
g and h, 150°; ¢ and f, 125°. 


My best thanks are due to Dr. Ewins for the interest he has shown 
in the work of this and the preceding paper. 


Researcu LasoratTories, Messrs. May & Baxer, LTp., 
Wanpswokrts, S8.W. 18. [Received, March 7th, 1929.] 





CXXXIV.—The Dielectric Constant of Desiccated 
Oxygen. © 


By Harry Lister RILEY. 


Ir has been shown that the prolonged drying of oxygen leads to a 
pronounced decrease in its chemical activity. Dry oxygen does not 
combine with dry carbon, sulphur, phosphorus, hydrogen, carbon 
monoxide, etc., at temperatures at which normally combination 
takes place readily. This change in chemical activity is accompanied 
by an alteration in the dielectric strength of a gas : Thomson (Phil. 
Mazg., 1893, 36, 313) has shown that the potential necessary to cause 
an electric spark to pass through a gas which has been dried by 
phosphoric oxide is considerably greater than that required in an 
ordinary gas. 

This investigation was undertaken in order to determine whether 
or no this change in chemical and electrical properties is accom- 
panied by some fundamental change in the structure of a gaseous 
molecule, of such a nature as to alter the specific inductive capacity. 
The thermionic valve enables the electrical capacity of a condenser 
to be measured with extreme accuracy, and it was therefore decided 
to compare the capacities of two condensers, one containing ordinary 
dry oxygen, and the other, oxygen that had been subjected to the 
action of phosphoric oxide over a prolonged period. 

Two similar electrical condensers, consisting of cylindrical silver 
plates (0-5 mm. thick), enclosed in glass tubes, were constructed. 
The plates were held rigidly apart at each end by means of four 
tapering glass plugs, which ‘fitted tightly in holes bored through the 
inner cylinder (see Figs. 1 and 2). Before the cylinders were intro- 
duced into the glass tubes, the latter were thoroughly cleaned and 
heated to dull redness in a current of dry air. After being etched 
with dilute nitric acid, washed with water, and dried, the silver 
cylinders were introduced into the glass tubes, and the platinum 
leads sealed through the glass. The condenser which was to contain 
desiccated oxygen as dielectric was then placed in an air-bath and 
heated at 350° for 48 hours while it was alternately evacuated and 





—" 


oS © 8 wm &e oo & 


= 


RILEY : THE DIELECTRIC CONSTANT OF DESICCATED OXYGEN. 1027 


filled with pure dry oxygen. The oxygen, which was prepared by 
the electrolysis of specially purified baryta, was passed over heated 
copper oxide, to remove hydrogen, and dried by passing through 
tubes containing caustic potash and redistilled phosphoric oxide. 
After this treatment, the side-tube A of the condenser was opened, 
and some pure, redistilled phosphoric oxide introduced, the tube being 
quickly resealed. The condenser was again evacuated, filled with 
pure dry oxygen, and the process repeated six times, the vessel 
being finally closed by sealing. The other condenser was filled in a 




















similar manner, but no phosphoric oxide was introduced, and the 
oxygen was dried by passing over calcium chloride. 

The method employed in comparing the capacities of the two 
condensers was essentially that described by Whiddington (Phil. 
Mag., 1920, 40, 634). The apparatus, shown in diagram in Fig. 3, 
consists of two oscillating valve circuits, A and B; D and E are the 
two condensers and either can be placed in the circuit B by means 
of the switch F. In carrying out a comparison, one of the condensers 
is placed in circuit and the variable condenser G tuned until a 
suitable note is produced in the telephones H. By turning the 
switch F, the other condenser can. be brought into circuit and the 
note produced compared with the original one. The two con- 
densers used were of the same dimensions (capacity 0-00005 micro- 
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farad), and gave notes of almost identical pitch. The capacities of 
the two condensers have been compared at intervals during 10 
months, and not the slightest change in capacity of the condenser 
containing phosphoric oxide has been detected. Considering the 
accuracy of the method, this result appears to indicate that the 
action of very small traces of water vapour in promoting chemical 
activity is not to be explained by any change in the structure of the 


molecule on drying. 


The author is indebted to Professor H. B. Baker for advice and 
suggestions during this investigation, and to the Royal Society, a 
grant from whom partly covered the cost of the apparatus. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, March 13th, 1929.] 





CXXXV.—An Enquiry into the Cause of Periodic 
Phenomena in Electrolysis. 


By Ernest SyDNEY HEDGES. 


A CONSIDERABLE amount of data concerning periodic processes in 
electrolysis has been accumulated in recent years (Hedges, J., 1926, 
1533, 2580, 2878; 1927, 1077; 1928, 969), and the systems studied 
have included periodic phenomena both at the anode and at the 
cathode. Whilst in every case the conditions of periodicity have 
been defined and it has been possible to deduce a number of 
generalities from the results, and even to forecast whether a given 
system is likely to exhibit periodicity, the experiments described so 
far have not been able to discriminate between the various 
explanations of the cause of the periodicity. 

In an endeavour to elucidate the mechanism, some experiments 
with rotating anodes are now described and may be regarded as 
complementary to the series mentioned above. 


ExPERIMENTAL, 


The system chosen for investigation was the anodic dissolution of 
copper in hydrochloric acid, since this gives an effect of the greatest 
magnitude. 

Apparatus.—The apparatus and conditions of experimentation 
were as described in the former papers (locc. cit:), except for the 
arrangement of the anode. The device adopted for rotating the 
anode was as follows. A nickel rod, provided with a nickel screw 
and washer for affixing the metal to be used as anode, is fitted tightly 
into a small wooden pulley by means of an indiarubber slip. The 





PERIODIC PHENOMENA IN ELECTROLYSIS. 1029 


upper side of the» pulley is bored, so as to hold a pool of mercury, 
which covers the end of the nickel rod. The mercury poo! is partly 
covered by a thin card, leaving a small aperture for insertion of .a 
lead connecting the-electrode with the source of current and the 
string electrometer. The object of the card is to retain the mercury, 
which is otherwise centrifuged when high speeds are used.» 'The 
electrodes were made: of electrolytic sheet copper; measuring 
6 x 1 x 0-Lem., and a length of 3.cm. of the electrode was immersed 
in the hydrochloric acid. 

The Relation between Frequency and Current Density—When a 
copper anode dissolves in not too dilute hydrochloric acid at low 
(.D.’s, cuprous chloride-is formed and dissolves in the acid, but at 
high C.D.’s an oxidic film covers the anode and the current passing 
falls to a very low value. At,intermediate C.D.’s, the two states 
alternate, the copper becoming covered with a dark film periodically, 
whilst periodic changes in C.D. and P.D. take place simultaneously 
(J., 1926, 1533). In the former experiments, the solution was kept 
in circulation by means of a stream of air or hydrogen bubbles, and 
it was found that the rate of stirring did not affect the results unless 
the stream was allowed to travel diréctly up the anode. Evidently, 
such a method of circulation is quite ineffective in regard to the 
solution in the immediate vicinity of the electrode surface, for the 
use of a rotating anode brings out quite different relations. 

With a stationary anode, the frequency of the periods decreased 
rapidly with increasing C.D. On the other hand, with a rotating 
anode, the frequency is independent of C.D. overa certain range and 
later decreases almost linearly with increasing C.D. This is shown 
by Graph 101 (Fig. 1), in which the frequency (number of waves per 
sec. X 100) has_been plotted against the C.D. The system repre- 
sented is a copper anede in 25% hydrochloric acid (% by vol. of acid 
of d 1-16) and each curve-refers to a different speed of rotation, 
varying between 240 and 1200 r.p:m._ The graph shows (1) that the 
critical C.D. for periodicity increases with speed of rotation, (2) that 
there is a “‘ characteristic frequency,” independent of C.D. and 
increasing with speed of rotation, and (3) that a second critical C.D. 
exists, at which the frequency ceases to be independent of C.D. and 
which also rises with speed of rotation. The measurements of 
frequency were taken by altering the C.D. and observing the time 
for 10 successive waves by means of a stop-watch. The measure- 
ments in Graph 101 are not regarded as having the same degree of 
accuracy as those in the following graphs, since improvements were 
subsequently made in the control of the speed of rotation. 

The existence of a characteristic frequency, independent of C.D. 
and increasing with the speed of rotation, indicates at once that the 
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frequency is not dependent on the rate at which metal ions leave the 
electrode. That the phenomenon is quite independent of the 
velocity of dissolution of a metal is confirmed by previous work on 
the periodic formation of films at an unattackable anode (J., 1926, 
2591). 

The most probable interpretation of the second part of each curve, 
where frequency decreases with increasing C.D., is that at a suffi- 
ciently high C.D. some product begins to accumulate on the anode. 
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Until this second critical C.D. is reached, the rotation is rapid 
enough to wash away the product as fast as it is formed. The rise 
of the second critical C.D. with increasing speed of rotation is con- 
sistent with this view. It will be shown later that the product 
concerned is cuprous chloride. 

The Relation between Frequency and Speed of Rotation at Constant 
Concentration —Graph 107 (Fig. 1) shows the relation between 
frequency and speed of rotation for a copper anode in 40% hydro- 
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chloric acid. The readings on this graph were made by determining 
the frequency—C.D. curve for each speed and then plotting the 
“ characteristic frequency ”’ (see above) against the speed. The 
points lie on a straight line passing through the origin. It appears, 
therefore, that the frequency is independent of the rate of dissolution 
of the anode, but is in direct proportion to the speed of rotation. 
The graph indicates that one complete period is produced for every 
58 revolutions (approx.) of the electrode, independently of the rate 
of revolution. (Note. In this graph frequencies are in seconds and 
revolutions in minutes.) 

Variation of the speed of rotation can produce two effects : 
(1) the anodic product is washed away more rapidly, (2) chlorine 
ions are supplied to the anode at a greater rate. If the frequency 
were determined by the first of these effects, it would not be 
independent of C.D.; consequently, it may be inferred that the 
frequency is controlled by the rate of supply of chlorine ions to the 
anode. 

The Relation between Frequency and Current Density at Constant 
Speed for Different Concentrations —Apart from variation in the 
speed of rotation, the rate of supply of chlorine ions to the anode can 
be varied by altering the concentration of the hydrochloric acid. 
Experiments have been carried out with solutions of hydrochloric 
acid varying in concentration between 10 and 40%, a constant speed 
of 880 r.p.m. being used, and the results are shown in Graph 106 
(Fig. 2). Instead of plotting the frequency, its reciprocal—the 
“periodic time ’’ or duration of a period in seconds—has been 
plotted against the C.D. As expected from the considerations given 
above, both the critical C.D. required to produce the periods and 
the characteristic frequency increase with the concentration of acid. 
The graph also shows that the independence between frequency 
(or periodic time) and C.D. is not realised in solutions of hydrochloric 
acid whose concentrations are below 20% and that the region of 
independence is more marked the higher the concentration. This 
suggests that the product responsible for the change of frequency 
with C.D. at low speeds and low concentrations is cuprous chloride, 
which is far more readily soluble in the concentrated acid. Some 
experiments have therefore been conducted in which 1%, 2%, or an 
excess of cuprous chloride was added directly to a system consisting 
of a copper anode rotating at 880 r.p.m. in 30% hydrochloric acid, 
and the results are represented by Graph 118 (Fig. 3). With 
increasing amounts of cuprous chloride, both the critical C.D. 
required to produce periods and the frequency of the periods are 
lowered, and the horizontal part of the curve, indicating inde- 
pendence between frequency and C.D., is destroyed. In fact, 
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Graph 118 is precisely similar to Graph 106, and it may therefore 
be inferred that cuprous chloride is the responsible product. 

The amplitude ‘of the periods obtained with a rotating anode js, 
in general, less than that of the periods with a stationary anode, 
The amplitude is about 1 volt during the stage where frequency js 
independent of C.D., but increases considerably after the second 
critical C.D. has been passed. With a stationary anode, amplitudes 
of about 12 volts were recorded. This suggests that when cuprons 
chloride begins to collect at the anode, a much thicker oxide film 
is produced—probably by hydrolysis of the cuprous chloride. 


Fig. 2. Fie, 3. 
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The Relation between Frequency and Concentration at Constant 
Speed.—If the frequency is determined by the rate of supply of 
chlorine ions to the anode, a linear relation between frequency and 
concentration of hydrochloric acid is to be expected. That this is 
realised is shown by Graph 108 (Fig. 2), where the characteristic 
frequency is plotted against concentration for two different speeds, 
viz., 880 and 240 r._p.m, The points were obtained by determining 
the frequency—C.D. curve for each concentration, and plotting the 
value of the frequency corresponding to the horizontal portion of the 
curve. 





Discussion. 


The experiments indicate that’ the frequency of the periods is 
independent of the C.D., but proportional to the rate of stirring and 
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to the concentration of the acid. Three factors can be concerned 
in determining the frequency : (1) rate of removal of ions from the 
metal, (2) rate of removal of anodic product, (3) rate of supply of 
chlorine ions to the anode. ‘Since (1) and (2) are dependent on the 
| 0.D., it may be inferred that the rate of diffusion of chlorine ions 

is the controlling factor. The distinction between (1) and (3) holds 
only at these high O.D.’s considered—i.e., above the critical C.D. 
At low C.D.’s.it is not possible to: distinguish between (1) and (3), 
but at high C.D.’s negative ions other than chloride (e.g., hydroxyl) 
compete; the rate of supply of chlorine ions is determined by the 
stirring, and the rate of ionisation of the metal is determined by the 
C.D. 
The following view of the mechanism is taken. At low C.D.’s 
cuprous chloride is formed at the anode: this, being soluble in the 
acid solution, is washed away from the anode continuously, and 
fresh chlorine ions diffuse in continuously. The P.D.. therefore 
remains constant at a low value. It is to be noted that in the 
formation of the cuprous chloride—hydrochloric acid complex the 
chlorine ions are removed, as such, from the sphere of action. At 
a certain critical C.D., the rate of disposal of chlorine ions begins to 
overtake the rate of diffusion of fresh chlorine ions to the electrode. 
This produces two effects: (a) the scarcity of chlorine ions in the 
layer of liquid immediately contiguous to the anode allows hydroxyl 
ions to be discharged, and (6) hydrogen ions migrate away from the 
positively charged:anode, The effect (b) tends to make the layer of 
liquid alkaline. The discharge of hydroxyl ions (a) makes the 
anolyte as a whole more acid, but the hydrogen ions so produced 
migrate from the vicinity of the electrode according to (6). It is 
necessary to distinguish between this thin alkaline liquid sheath 
and the anolyte as a whole, which, of course, tends to become more 
acid. The thin alkaline sheath. is of greater importance in the 
behaviour of the anode. Both effects (@) and (b) have the same 
result—the formation of an oxidic film (basic salt or oxide) on the 
metal, (a) by direct discharge of hydroxyl ions, or (b) by hydrolysis 
of the primary anodic product. This film, which is visible, explains 
the rise in potential, or passivity in its widest sense. 

In the case of the easily passivated metals, such as iron, the 
isible film reduces the active area of the electrode, raising 
enormously the effective O.D. at the uncovered spots, so that an 
apidly spreads to cover the entire electrode according to the 
mechanism suggested in a previous paper (J., 1928, 977). 

The subsequent fall of potential is due to the action of the hydro- 
thlorie acid on the oxidic film, changing it to cuprous chloride, which 
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subsequently dissolves in the acid. This change is easily visible 
and its direction of propagation over the electrode always follows 
the direction of flow of the hydrochloric acid, which can be varied at 
will. It is easy to see that after the fall of potential, the original 
C.D. being reinstated, the oxidic film will form again. The funda. 
mental problem is why the dissolution of the film takes place in 
definite periods instead of there being set up a state of dynamic 
equilibrium. The experiments showing that the frequency depends 
entirely on the rate of accumulation of chlorine ions appear to leave 
no escape from the conclusion that dissolution of the film does not 
occur until a certain critical concentration is reached, but that 
when reaction occurs in each “pulse” it is complete. This is 
analogous to the “ all-or-nothing ’’ law so familiar in physiology, 
according to which a system does not respond to a stimulus until 
this reaches a threshold value, but the response is complete when 
that value is reached. Evidence of the existence of such critical 
concentrations will be given later. 

A view frequently expressed with regard to the older cases of 
periodic electrolysis is that the resistance of the film decreases the 
current, so allowing the ions to collect by diffusion until they attack 
the film, and the consequent increase in current brings about once 
more the condition for the formation of a new film. As Ostwald 
pointed out long ago (Z. physikal. Chem., 1900, 35, 210), two such 
continuous processes would not produce a periodic course, but would 
set up a dynamic equilibrium condition, where the rates of form- 
ation and dissolution of the film substance were equal. In order to 
account for periodicity, a discontinuity must occur somewhere in the 
process. It is interesting to note that the necessary discontinuity 
has been provided for in ways other than critical concentration. 
For example, Joule (Phil. Mag., 1844, 24, 106) explains the periodic 
anodic dissolution of zinc amalgam in sulphuric acid as follows: 
the zinc dissolves smoothly until, at a certain critical C.D., more 
sulphate ions are being discharged than can be replaced by diffusion. 
An oxide film then forms and oxygen is evolved. The stirring 
effect produced by the oxygen brings a layer of fresh solution, rich 
in sulphate ions, into contact with the electrode. Here, the dis- 
continuity is provided by the stirring. This view is not capable of 
a very wide application, since in many cases (of which that described 
in the experimental portion of the present paper is the best example) 
no appreciable amount of gas is evolved. . 

Evans (“ Metals and Metallic Compounds,” Vol. 1, p. 382) suggests 
that periodic passivity in iron is due to the accumulation of hydrogen 
ions in the neighbourhood of the anode, due to the discharge of 
hydroxy] ions, and that the acid so produced activates the passive 
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electrode. It may be noted that inherent in this theory is the 
assumption that the acid does not activate the metal until a certain 
critical concentration is reached, or otherwise a state of equilibrium 
would be realised. But, in view of the fact that such hydrogen 
ions are produced only as a result of the formation of a protective 
film on the metal and also that they tend to migrate from the 
positively charged anode, it is difficult to imagine that the hydrogen 
ions would get to the electrode by diffusion against a potential 
gradient. The phenomena described in the experimental portion 
of the present paper take place equally well whether the electrolyte 
is hydrochloric acid, sodium chloride, or ammonium chloride, again 
suggesting the chlorine ion rather than the hydrogen ion as the 
active agent. In any case, there are numerous instances of the 
phenomenon occurring in alkaline solutions, and this view cannot 
explain periodicity at the cathode. 

The former experiments on the anodic dissolution of copper in 
hydrochloric acid (J., 1926, 1538) seemed to indicate that the oxidic 
film was first deposited in an unstable state which in time reverted 
to a stable, poorly resistant film. The change in state of the film 
affords the necessary discontinuity. If this explanation were 
correct, the frequency would depend on the stability of the film and 
not on the rate of stirring, and it therefore seems probable that the 
changes observed in the film are due to the action of the hydro- 
chloric acid. In a recent paper, Lillie (Science, 1928, 47, 593) 
discusses the analogies between the periodic passivity of iron 
immersed in nitric acid of certain concentrations and physiological 
periodicity, and maintains that the interval between the active 
periods “ represents a temporary non-transmissive or ‘ refractory ’ 
period, during which the reactive molecules are to be regarded as 
assembling at the surface, and presumably there undergoing 
orientation or other change favorable to reaction.” This view is 
identical with the unstable-film theory mentioned above, but the 
present experiments do not support any view based on a change 
occurring in the metal or in the film with which it is coated. It is 
evident that the eause of the activation lies in the solution and not 
in the electrode. 

Periodic phenomena in electrolysis are encountered only between 
certain well-defined border-line conditions, and the idea of a critical 
concentration of some ion required to effect the change of the 
electrode from one state to the other is capable of extension to all the 
systems examined, both at the anode and at the cathode. Indeed, 
experiments on the periodic electrodeposition of metals through 
secondary reaction (J., 1927, 1077) afford strong independent 
support for the view, and are difficult to explain in any other way. 
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Physiologists use a similar view to explain the periodicity of breath. 
ing: respiration occurs every time the carbon dioxide content 
(hydrogen-ion concentration) of the blood reaches a threshold value. 
Although the older idea, that the heart-beat is caused by alternate 
reaction with or absorption of calcium and potassium ions, does not 
appear to be greatly favoured by physiologists, it may be pointed 
out that analogous mechanisms do exist. For example, in the 
electrolysis of mercury potassium cyanide solutions, under certain 
conditions the potassium liberated at the mercury cathode reacts 
alternately with water molecules and with the complex Hg(CN)”, 
ions or undissociated salt, the effect being a periodic evolution 
of hydrogen alternating with deposition of mercury. The sup- 
position is here that reaction of potassium with the complex ions 
does not take place until the ions reach a certain critical con- 
centration by diffusion. In colloid systems, critical concentrations 
of ions are required for coagulation, and such systems appear to be 
particularly favourable for periodic. phenomena. 

One experimental result. appears to contradict the theory that has 
been. developed. . The temperature coefficient of the periods given 
by a rotating copper anode in 40% hydrochloric acid, determined by 
measuring the frequency at 30° and at 40°, was found to be 1:8 
per 10°—a, high value if the frequency is controlled entirely by a 


diffusion. process. However, the difficulty of interpreting the 
temperature coefficient of a complicated series of chemical and 
physical processes is well known. The temperature coefficient of 
the heart-beat. is. anomalous (Bayliss, ‘‘ General Principles of 
Physiology,’’ p. 43). 


Experimental Evidence of Critical Concentrations. 

If the fall of potential is due to the hydrochloric acid slowly 
reaching a critical concentration by diffusion in the neighbourhood 
of the anode, it should be possible to produce the same effect by 
adding hydrochloric acid directly to'a permanently “ passive ” 
anode. This has been done. A copper anode was rotated at 120 
r.p.m. in 15% hydrochloric acid, a C.D. of 300 milliamp./cm.’ 
being used. The film soon appeared and the C.D. felk to 147 
milliamp./cm.?, at which it remained constant, for the high C.D. is 
above the region of periodicity, the film remaining permanently. 
Hydrochloric acid (d 1-16) was added in small quantities at a time 
to the stirred liquid, and the amount of current passing was read 
after each addition. In Graph 119 (Fig. 4) the total current is 
plotted. inversely against the number of o.c. of hydrochloric acid. 
Gradual addition of hydrochloric acid causes a slow fall in potential 
until a certain concentration is reached, whereupon the fall becomes 
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sudden. That this artificial process is identical with that occurring 
naturally in the periodic dissolution is evident by a comparison of 
Graph 119 with Graph 37A (Fig. 4) (reproduced from part of 
Graph 37; J., 1926, 1536), which shows the manner of fall of 
potential during one period. 

Further evidence has been sought in the change from passive 
to active iron, the passivity being produced by purely chemical 
means. Previous work has shown that a change from the passive 
to the active state can generally be made to proceed periodically, 
whether the passivity is produced by chemical means or by anodic 
polarisation. A strip of electrolytic iron was rotated at 180 r.p.m. 


Fria. 4. 











ON 





Mane ot 

















ee 
°0-27) S 






































Cc. HCc i | Mins. | 
| ihe 6 


040 | 2 i i R.' 4 





in nitric acid (d 1-46), and successive small quantities of hydrochloric 
acid (d 1-16) were added at intervals. After each addition, the 
potential against a N-calomel electrode was measured by means of a 
string electrometer. The results are plotted in Graph 120 (Fig. 4) 
and show that here also activation occurs suddenly when a certain 
critical concentration of chlorine ions is reached. 

From the form of the curves and from general considerations, it 
does not seem likely that no reaction occurs until the critical con- 
centration is reached, but that the rate of reaction with a given ion 
increases very rapidly with the concentration of the ion until it 
becomes practically instantaneous. This is the significance of the 
critical concentration, just as in crystallisation the older view of the 
existence of a definite metastable limit has been replaced by the idea 
of a rapid increase in the number of nuclei with the degree of super- 
cooling (Tammann, “‘ Kristallisieren und Schmelzen,” Leipzig, 1903). 
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Summary. 

Experiments designed to elucidate the mechanism of periodic 
phenomena in electrolysis have been conducted by using a rotating 
anode, the system chosen for examination being the anodic dis- 
solution of copper in hydrochloric acid. The frequency of the 
periods is independent of C.D. over a certain range and later 
decreases with increase of C.D. It is shown that this second stage 
is due to the accumulation of cuprous chloride at the electrode. 
The characteristic frequency (i.e., that during the stage which is 
independent of C.D.) increases linearly with the rate of rotation of 
the anode and with the concentration of the hydrochloric acid. The 
periods are independent of the rate of formation of ions from the 
metal, but depend on the rate of supply of chlorine ions to the anode, 
and it appears that the chlorine ions have to accumulate to a certain 
critical concentration before the film covering the anode during each 
period can be dissolved : reaction in each pulse is complete and this 
gives rise to the periodicity. Direct evidence of the existence of 
such critical concentrations has been obtained by the progressive 
addition of hydrochloric acid to (a) copper rendered passive by 
anodic polarisation in hydrochloric acid, (b) iron rendered passive 
by concentrated nitric acid. A theory of anodic polarisation and 
its relation to passivity previously advanced is amplified. 


The author is indebted to the Chemical Society and to the Trustees 
of the Dixon Fund of the University of London for grants which 
have assisted this work. 
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CXXXVI.—The Action of Potassium Cyanide on 
Chloroaldehydes. 


By Freperick DanreL CHaTraway and Harry IRvine. 


THE action of potassium cyanide on an aqueous, an alcoholic, or an 
ammoniacal solution of a chloroacetaldehyde or of aaf-trichloro- 
butaldehyde follows in every case a similar course; heat is evolved, 
hydrogen cyanide is liberated, and potassium chloride is formed 
together with an acid, an ester, or an amide containing one halogen 
atom less than the parent aldehyde. The reaction may be 
represented thus : 


. KON e 
‘CCLCHO = om Sioa) :-CH-CO-OH(OR)(NH,) + KCl+ HCN. 
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Wallach (Ber., 1873, 6, 114) found that in ethyl-alcoholic solution 
ethyl dichloroacetate was yielded by chloral and potassiym cyanide. 
Ethyl monochloroacetate is similarly formed from dichloroacet- 
aldehyde, and ethyl acetate from monochloroacetaldehyde. 

The first product of the action of potassium cyanide on an 
alcoholic solution of butyl chloral hydrate (I) is an alkyl «$-dichloro- 
butyrate (II) which loses hydrogen chloride so readily that, unless 
the reaction is carefully controlled, only an alkyl «-chlorocrotonate 
(III) is obtained (compare Wallach and Bohringer, Annalen, 1874, 
173, 301) : 


CHCI-CH, KON. CHCI-CH, xcn_ CH-CH, 
CCl,CH(OH), 20H” CHCI-CO,R ~~ CCI-CO,R 
(I.) (II.) (IIT.) 


2-Chlorocrotonic acid, CH,*CH:CCl-CO,H, or «-chlorocrotonamide, 
CH,*CH:CCl-CO-NHg, is similarly formed by the action of potassium 
cyanide upon an aqueous or ammoniacal solution of butyl chloral 
hydrate, but in these cases the loss of hydrogen chloride from the 
intermediate «$-dichlorobutyric acid or amide is too rapid to permit 
of its isolation. 

Since potassium cyanide acts similarly upon all the aliphatic 
chloroaldehydes studied, it seems certain that the nature of the 
reaction is the same in every case. 

No satisfactory explanation of it has, however, yet been put 
forward. Wallach (Ber., 1877, 10, 2124), after many years work on 
the reaction, adopted a suggestion made by Victor Meyer (ibid., 
p. 1740) that the process was one of simultaneous oxidation and 
reduction of the chloral molecule catalysed by hydrogen cyanide, 
the dichloroacetic acid being subsequently esterified when the 
reaction was carried out in alcohol : 


CCl,CHO —>+ CHCI,CO-OH + HCl > CHCI,-CO-OEt. 
2° 


This conclusion may be disregarded, since it is not chloral but 
chloral aleoholate that is concerned, and since the rate of esteri- 
fication of dichloroacetic acid is comparatively slow. 

Another explanation, put forward by Kétz (J. pr. Chem., 1913, 
88, 531), assumes that the formation of chloral cyanohydrin is an 
essential part of the reaction. The strongest argument in favour 
of this assumption is the fact that reactions of the type under 
consideration are brought about only by alkaline cyanides.* Other 


* Mercury cyanide crystallises unchanged after heating for several hours 
with an alcoholic solution of chloral hydrate, no ethyl dichloroacetate being 
formed. 
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similarly weak alkaline reagents simply hydrolyse the chloral 
molecule to, chloroform and a formate. 

On the other hand, many facts seem to indicate that the formation 
of a cyanohydrin isnot anecessary step inthe reaction but a secondary 
reaction due to the liberation of hydrogen cyanide inthe primary 
one. For example, the action of potassium cyanide upon an 
alcoholic solution of chloral alcoholate is as violent as, or even more 
violent than, its action upon a similar solution of chloral cyanohydrin, 
and all conditions which favour the formation of cyanohydrin in the 
reaction hinder rather than promote the formation of an alkyl 
dichloroacetate. Again, the action of potassium cyanide upon the 
chloroaldehyde-ammonias in presence of excess of ammonia follows 
a course closely resembling that between potassium cyanide and the 
alcoholates, although cyanohydrin formation under the conditions 
appears unlikely. For example, the action of potassium cyanide 
upon chloral-ammonia, dissolved in alcohcl saturated with ammonia, 
yields dichloroacetamide thus : 


CCl,-CH(OH):NH, ne CHCI,-CO-NH, -+ KCl + NH,CN. 


«-Chlorocrotonamide is similarly formed from butyl chloral- 
ammonia, the intermediate «$-dichlorobutyramide, in presence of 
excess of ammonia, losing hydrogen chloride too rapidly to permit 
of its isolation. 

In view of the unlikelihood of cyanohydrin formation in such 
cases, it seems more probable that the potassium cyanide first 
causes the elimination of hydrogen chlorjde from the aldehyde- 
hydrate, aldehyde-alcoholate, or aldehyde-ammonia, probably by 
the intermediate replacement of a chlorine atom by a cyanogen 
group, followed by a splitting off of the very slightly ionisable 
hydrogen cyanide, and leaves an unsaturated compound which by a 
familiar intramolecular rearrangement gives an acid, an ester, or 
an acid amide, thus : . 


oie H KON. .... OH 

LOOM CH OFF oR)(NH,) > °<OH(OR)(NH,) —> 
‘CH-CO-OH(OR)(NH,); 

or with trichlorobutaldehyde, 


CHMeCI-CC1,-CH< OH —> CHMeC1-0c1:0<O8 
CCl, CH<(0R)(NH,) —~ ‘C<OH(OR)(NH;) 
—> CHMeCI-CHCI-CO-OH(OR)(NH,) —> - 
CHMe:CCI-CO-OH(OR)(NE;) 


There are certain analogous reactions which, although they 
involve a similar elimination of hydrogen chloride followed by 
intramolecular rearrangement, can take place in the absence of an 
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alkaline cyanide. For example, when an aqueous solution of the 
sodium salt of a chlorolactic acid is boiled, carbon dioxide is evolved 
and sodium chloride is formed together with an aldehyde containing 
one chlorine atom less than the original acid (compare Reisse, 
Annalen, 1890, 257, 331), the reaction without doubt taking the 
course 


yO 
CHCI,-C:CO-OH —> CHCI,-CHO. 
Again, ww-dichloro-2-hydroxyacetophenone-5-carboxylic acid (IT) 
is formed when 5-carboxy-2-ethoxy-1-$$8-trichloro-«-hydroxy- 
ethylbenzene (I) is heated for a short time with concentrated 
sulphuric acid (Chattaway and Calvet, J., 1927, 691) : 


OEt OH OH 
1) ( \CH(OH)-CCl, 80 “\C(OH):CCl,__, Cane 


O,H CO,H CO,H 
The facility with which potassium cyanide can promote the 
elimination of hydrogen chloride is shown by its action on 6-nitro- 
2: 4-bis(trichloromethyl)-1 : 3-benzdioxin (ITI), whereby one moie- 
cule of hydrogen chloride is removed, giving 6-nitro-2(or 4)-dichloro- 
aioe 2)-trichloromethyl-1 : 3-benzdioxin (IV) : 


gE CCl, BS wr 00, Oey CCl, 
Koy NO. 
a-00, HCCI, 


(III.) (IV.) 
A similar elimination of hydrogen chloride from the second 
>CH-CCl, group does not occur. 

Other cases in which potassium cyanide fails to replace chlorine 
by cyanogen are well known. For example, potassium cyanide has 
little or no action upon monochloroacetal, CH,Cl-CH(OEt), (com- 
pare Hesse, Ber., 1897, 30, 1441), «866-tetrachlorodiethyl ether, 
CCl,-CHCl-OEt (compare Busch, Ber., 1878, 11, 447), parachloral 
(2: 4: 6-tri(trichloromethyl)cyclo-1 : 3 : 5-trioxa-2 : 4 : 6-trimethyl- 
ene] (Chattaway and Kellett, J., 1928, 2712), nor, as we have found, 
upon dichloroacetal, CHCl,-CH(OEt),, and 5-carboxy-2-methoxy-1- 
$88-trichloro-«-hydroxyethylbenzene. 


EXPERIMENTAL. 


The Action of Potassiwm Cyanide on Chloral Alcoholates—The 
action of potassium cyanide on solutions of chloral alcoholates in 
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the corresponding alcohols is completed as rapidly as the reactants 
can be brought together, the time taken being apparently limited 
only by the violence of the reaction. The yields of the correspond. 
ing alkyl dichloroacetates are very large. 

A solution of anhydrous chloral (1 mol.) in rather more than its 
own weight of the required alcohol was added as rapidly as possible 
to a suspension of finely powdered potassium cyanide (1-2 mols.) in 
the same alcohol, loss of alcohol by boiling being prevented by 
suitable cooling. After about 1 minute, water was added to dis. 
solve the excess of potassium cyanide together with the potassium 
chloride formed. The ester, which then separated as a heavy lower 
layer, was washed repeatedly, first with a dilute solution of potass- 
ium hydroxide and then with water, freed from any traces of 
cyanohydrin by steam distillation, dried over calcium chloride, and 
fractionated. The following results were obtained :—Methy| 
dichloroacetate, b. p. 143° (yield, 84%); ethyl dichloroacetate, 
b. p. 157° (yield, 88%). 

n-Propyl dichloroacetate, b. p. 176° (yield, 70%) (Found : Cl, 41-4. 
C;H,0,Cl, requires Cl, 41-5%), and allyl dichloroacetate, b. p. 175:5° 
(yield, 64%) (Found: Cl, 42-0. C;H,0,Cl, requires Cl, 42-0%), 
were similarly prepared, a solution of chloral hydrate in the required 
alcohol being used. 

When potassium cyanide is allowed to act upon an alcoholic 
solution of chloral cyanohydrin, or when the reaction between 
potassium cyanide and chloral alcoholate is carried out under con- 
ditions which favour its formation (such, for example, as the slow 
addition of the cyanide to the solution of the chloral alcoholate at a 
fairly low temperature), the yield of alkyl dichloroacetate is greatly 
reduced. For example, when potassium cyanide (1 mol.) was added 
in small portions to a well-stirred solution of chloral ethyl alcoholate 
(1 mol.) in ethyl alcohol at such a rate that the temperature was kept 
at 25—30°, only a 43% yield of ethyl dichloroacetate was obtained, 
and much chloral cyanohydrin was isolated from the higher-boiling 
fractions of the product. 

The action of potassium cyanide upon a solution of chloral 
cyanohydrin in ethyl alcohol, though very vigorous and accom- 
panied by a considerable evolution of heat, was found not to com- 
mence immediately, was much less violent than when chloral 
alcoholate was used, and gave a smaller yield of ethyl! dichloroacetate 
(61%). | 

The Action of Potassium Cyanide upon Dichloroacetaldehyde Ethyl 
Alcoholate : Formation of Ethyl Monochloroacetate—64 G. of di- 
chloroacetaldehyde ethyl alcoholate (1 mol.) were added as rapidly 
as practicable to 29 g. of finely powdered potassium cyanide (1 mol.) 
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suspended in 40 g. of ethyl alcohol at 20°. After 5 minutes, water 
was added to the red product, and the heavy lower layer which 
separated was washed with a dilute solution of potassium carbonate 
and with water, dried rapidly over calcium chloride, and fractionated, 
giving 19-9 g. of ethyl chloroacetate, b. p. 143-5—145° (yield, 38%). 
This was further identified by conversion into chloroacetamide, 
m. p. 117° (Found : Cl, 37-85. Cale. for C,H,ONC1: Cl, 38-0%). 

The Action of Potassiwm Cyanide on Monochloroacetaldehyde.— 
(1) In alcoholic solution. 7 G. of powdered potassium cyanide 
(1 mol.) were added to a solution of 8 g. of monochloroacetaldehyde 
(1 mol.) in 30 c.c. of ethyl alcohol. A brisk reaction commenced at 
once, hydrogen cyanide was evolved and the temperature rose to 
the boiling point of the alcohol while the solution became deep red. 
After 5 minutes, water was added, and the oily liquid produced was 
washed several times with a strong solution of calcium chloride 
(50 g. in 50 c.c. of water) to remove alcohol, dried, and fractionated ; 
ethyl acetate, identified by its smell and boiling point, 76—79°, was 
obtained, the yield being not more than 10% of the theoretical 
owing to loss in the process of isolation. 

(2) In aqueous solution. 8-5 G. of potassium cyanide (1 mol.) 
were added to a solution of 10 g. of monochloroacetaldehyde in 50 
c.c. of water. The temperature rose somewhat, but as there was no 
marked action the solution was boiled for 2 hours under reflux; it 
was then made strongly alkaline with potassium hydroxide and 
evaporated to dryness. The dry powdered mixture of potassium 
salts was distilled with concentrated sulphuric acid, acetic acid being 
obtained, b. p. 115—117° after several fractionations (yield, not 
more than 10%). 

Owing to the great difficulty of preparing monochloroacetaldehyde 
larger quantities than the above could not be used. 

The Action of Potassium Cyanide on Butyl Chloral Hydrate in 
Alcoholic Solution: Isolation of Ethyl «®-Dichlorobutyrate, Ethyl 
a-Chlorocrotonate, and Butyl Chloral Cyanohydrin.—Unless the 
violence of the reaction is moderated when potassium cyanide is 
added to an alcoholic solution of butyl chloral hydrate, the only 
ester which is found in the product is ethyl «-chlorocrotonate (com- 
pare Wallach, Annalen, 1874, 173, 301). When, however, the 
temperature is not allowed to rise during the reaction, ethyl «-di- 
chlorobutyrate, which is the first product of the action, may be 
isolated. 

11 G. of finely powdered potassium cyanide (1 mol.) were added 
in small portions to a mechanically stirred solution of 32-5 g. of 
butyl chloral hydrate (1 mol.) in 150 c.c. of ethyl alcohol at such a 
rate that the temperature did not rise above 15° (2 hours); the 
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solution became pale yellow and potassium chloride (11-9 g. 
Theoretical for 1 mol. KCl, 12-4 g.) separated. Strong brine was 
added to the filtrate until two layers formed and, after the whole had 
been made slightly acid with hydrochloric acid, the lower layer was 
separated, dried rapidly over calcium chloride, and distilled under 
reduced pressure (15 mm.) until a white solid which rae 
in the receiver ceased to come over. 

By repeated fractional distillation under reduced pressure, the 
liquid portion of the distillate was separated into ethyl «-chloro- 
crotonate (7 g.), b. p. 85°/35 mm. and 176°/760 mm.° (Found : 
Cl, 23-9. Calc. : Cl, 23-9%), and ethyl «$-dichlorobutyrate (4 g.), 
b. p. 97°/35 mm. and 180—200°/760 mm. with marked decomposition 
(compare Michael and Brown, Amer. Chem. J., 1887, 9, 274) 
(Found: Cl, 38-1. Calc. : Cl, 38-3%). 

In the fractionation of the distillate, after distillation of the two 
esters a white solid residue of butyl chloral cyanohydrin was left. 
This crystallised from boiling water, in which it was moderately 
easily soluble, in colourless, shining, unctuous plates, m. p. 101— 
102°, and on prolonged boiling with concentrated hydrochloric acid 
was hydrolysed to @fy-trichloro-«-hydroxyvaleric acid, m. p. 140-5° 
(compare Pinner and Klein, Ber., 1878, 114, 1488) (Found: Cl, 
52-5; N, 7-1. C;H,ONCI, requires Cl, 52-5; N, 7-0%). 

Ethyl «f-dichlorobutyrate loses hydrogen chloride with great 
ease even at the ordinary temperature, giving ethyl] «-chlorocrotonate. 
A specimen which had been kept for 2 days in a stoppered bottle 
gave Cl, 36-5%. 

This elimination of hydrogen chloride is greatly accelerated by 
the presence of potassium cyanide as shown by the following experi- 
ment, which explains why ethyl «$-dichlorobutyrate is not normally 
found among the products of the action of potassium cyanide upon 
an alcoholic solution of butyl chloral hydrate. To 5. g. of ethyl 
«6-dichlorobutyrate (1 mol.), diluted with 20 c.c. of alcohol, were 
added 1-7 g. of powdered potassium cyanide (1 mol.). After 10 
minutes, the reaction mixture was poured into water and the ester 
was washed with water, dried, and fractionated, 3 g. of ethyl 
«-chlorocrotonate, b. p. 176°, being obtained (yield, 75%). 

In carrying out the reaction between potassium cyanide and 
butyl chloral hydrate it is not practicable to avoid the formation 
of cyanohydrin by adding the butyl! chloral alcoholate to the cyanide, 
since the alkyl «-chlorocrotonate produced by the action of potass- 
ium cyanide on the alkyl «$-dichlorobutyrate first formed, itself 
reacts with potassium cyanide to give viscous yellow products of 
indefinite composition (compare Claus, Annalen, 1878, 191, 33). 

For this reason it is essential to avoid an excess of potassium 
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cyanide; by using, however, the correct amount of cyanide, a 
very satisfactory yield of any alkyl «-chlorocrotonate can be 
obtained provided that the temperature is not allowed to rise 
above 20°. 

19 G. of finely powdered potassium cyanide (2 mols.) were added 
to a mechanically stirred solution of 29 g. of butyl chloral hydrate 
(1 mol.) in 150 c.c. of ethyl alcohol at such a rate that the tem- 
perature did not rise above 15° (3—4 hours). Hydrogen cyanide 
was evolved freely, especially towards the end of the reaction, and 
on filtration 21-5 g. of potassium chloride were obtained (theoretical 
for 2 mols. KCl, 21-7 g.). The filtrate was diluted with water, and 
the ethyl «-chlorocrotonate distilled in steam, dried over calcium 
chloride, and fractionated, 22 g., b. p. 176°, being obtained (yield, 
90%) (Found : Cl, 23-9. Cale. : Cl, 23-9%). 

Steam distillation and subsequent fractionation under reduced 
pressure are necessary to remove traces of cyanohydrin with which 
the alkyl «-chlorocrotonates, especially the higher-boiling ones, are 
contaminated. Several esters were prepared thus : Methyl «-chloro- 
crotonate, b. p. 161° (yield, 859%) (Found: Cl, 26-4. Calce.: Cl, 
26-4°%), n-propyl «-chlorocrotonate, b. p. 191° (yield, 67%) (Found : 
Cl, 22-0. Cale.: Cl, 21-8%), n-butyl «-chlorocrotonate, b. p. 205° 
(yield, 70%) (Found : Cl, 20-2. Cale. : Cl, 20-5%). 

When potassium cyanide is added to an alcoholic solution of 
butyl chloral hydrate the hydrogen cyanide liberated reacts with 
the unchanged aldehyde, giving butyl chloral cyanohydrin, and by 
stopping the reaction when half the theoretical amount of cyanide 
has been added some 50%, of the original aldehyde can be isolated 
as cyanohydrin. On account of its sparing solubility, this actually 
separates when the reaction is carried out in aqueous solution 
(g.v.). 

Butyl chloral cyanohydrin will itself react with potassium cyanide 
in alcoholic solution, giving ultimately an alkyl «-chlorocrotonate. 
9G. of powdered potassium cyanide (2 mols.) were added in small 
portions to a mechanically stirred solution of 14 g. of butyl chloral 
cyanohydrin (1 mol.) in 100 c.c. of ethyl alcohol at such a rate that 
the temperature did not rise above 15° (24 hours). 10-1 G. of 
potassium chloride (theoretical for 2 mols. of KCl, 10°3 g.) and ethyl 
«-chlorocrotonate, which was isolated and purified in the usual way 
(8-5 g., b. p. 176°; yield, 85%), were obtained. 

The Action of Potassium Cyanide wpon Butyl Chloral Hydrate in 
Aqueous Solution: Formation of «-Chlorocrotonic Acid and Butyl 
Chloral Cyanohydrin.—13-5 G. of potassium cyanide (2 mols.) were 
added to a solution of 19-5 g. of butyl chloral hydrate (1 mol.) in 

00 c.c. of water at 40°. The temperature rose at once to 47° as the 
00 
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eyanide dissolved, and butyl chloral cyanohydrin separated as a 
heavy, colourless, oily liquid. After warming at 50° for a few 
minutes, the whole was cooled to 0° and the cyanohydrin extracted 
with chloroform (obtained, 4-1 g.; m. p. 101—102°). The remaining 
solution was made strongly acid with sulphuric acid, and the 
«-chlorocrotonic acid (6-2 g.) extracted with ether; it crystallised 
from low-boiling petroleum in long, slender, colourless needles, 
m. p. 98-5—99° (Found : Cl, 39-8. Calc.: Cl, 39-8%). 

The Action of Potassium Cyanide on Chloral-ammonia : Formation 
of Dichlorodcetamide—13 G. of powdered potassium cyanide 
(1 mol.) were added to 33 g. of chloral-ammonia (1 mol.) suspended in 
50 c.c. of aqueous ammonia (d 0-880) at 15°. A vigorous reaction 
started almost at once and the temperature rose rapidly to 70°; a 
clear solution was then obtained from which, on cooling, dichloro- 
acetamide, m. p. 98-5—99-0°, separated (yield, 24 g.; 93%) (Found: 
Cl, 55-5. Cale. : Cl, 55-56%). 

A similar vigorous reaction ensued when 50 c.c. of aqueous 
ammonia (d 0-880) were added to an intimate mixture of 13 g. of 
potassium cyanide (1 mol.) and 33-5 g. of chloral hydrate (1 mol.). 
The yield of dichloroacetamide was, however, only 50% of the 
theoretical, part of the chloral hydrate being converted into chloro- 
form and formate by the ammonia. 

The Action of Potassiwm Cyanide on Butyl Chloral-ammonia : 
Formation of «-Chlorocrotonamide.—19-5 G. of butyl chloral hydrate 
(1 mol.), when added to 50 c.c. of aqueous ammonia (d 0-880), 
immediately dissolved, giving a clear solution from which butyl 
chloral-ammonia (m. p. 62°) separated in a few seconds as a heavy 
colourless liquid. The whole was at once cooled in a freezing 
mixture and saturated with dry ammonia gas; it was then warmed 
to 10° and 14 g. of powdered potassium cyanide (1 mol.) were added. 
The temperature rose to 35° and a brisk reaction commenced which 
was completed by heating to 70°. On cooling, «-chlorocrotonamide 
(11-2 g.), m. p. 113-5°, separated (yield, 93%) (Found: Cl, 29-5; 
N, 11-7. Cale. : Cl, 29-7; N, 11-7%). 

Potassium cyanide has little or no action upon dichloroacetal. 
20 G. of dichloroacetal (1 mol.) were mixed with 7 g. of potassium 
cyanide (1 mol.). No action appeared to take place even after 4 
hours, so the mixture was heated at 120° for 2 hours. The colour 
of the acetal darkened, but on filtration and fractionation 18 g. o 
dichloroacetal, b. p. 183°, were recovered unchanged. 

2 G. of 5-carboxy-2-methoxy-1-$88-trichloro-«-hydroxyethy! 
benzene were dissolved in 30 c.c. of alcohol and boiled with 1-2 g. 
potassium cyanide (3 mols. + excess) for 2} hours. No reactio 
appeared to take place and from the diluted acidified mixture tle 
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original acid, m. p. 198° (from alcohol), separated unchanged as a 
granular precipitate. 

The Action of Potassium Cyanide on Chloral Diacetate-—When 
potassium cyanide was added to chloral diacetate, CCl,-CH(OAc),, a 
violent action occurred and a black coked solid was formed from 
which nothing could be isolated. 

15-5 G. of powdered potassium cyanide (1-5 mols.) were added 
in small portions to 40 g. of chloral diacetate (1 mol.) diluted with 
60 g. of ethyl alcohol. A violent reaction ensued at each addition 
of the cyanide, hydrogen cyanide was evolved, and the temperature 
rose rapidly to the boiling point of the alcohol. After 5 minutes, 
water was added to the reaction product; the mixture of ethyl 
acetate and ethyl dichloroacetate produced was washed with water, 
dried, and fractionated, 20 g. of ethyl dichloroacetate being obtained 
(yield, 80%). A similar experiment in methyl-alcoholic solution 
gave 17-5 g. of methyl dichloroacetate (yield, 76%). 

The Action of Potassium Cyanide on Butyl Chloral Hydrate in 
Benzene.—In 1874, Wallach found that a substance C,;H,O,NCIl,, 
m. p. 123°, was formed by the action of potassium cyanide under 
certain conditions upon a solution of chloral hydrate in benzene : to 
this substance a heterocyclic structure has been assigned by 
Crowther, McCombie, and Reade (J., 1914, 105, 933). A similar 
compound, probably possessing the structure 6-keto-2 : 4: 7-tri- 
(««8-trichloropropyl)cyclo-2 : 4 : 6 : 7-tetramethylene-1 : 3 : 5-dioxa- 
imine, OG COL-CHMeCh 9 >CH-CCl,CHMeC, is yielded 
by butyl chloral hydrate. 

7-8 G. of powdered potassium cyanide (1-2 mols.) were added to 
a solution of 58 g. of butyl chloral hydrate (3 mols.) in 150 c.c. of 
benzene, and the mixture kept at the ordinary temperature with 
occasional shaking for 10 days. The solution darkened in colour 
but no visible reaction occurred, so the whole was filtered. The 
benzene was allowed to evaporate slowly from the filtrate. The 
viscous residue was dissolved in a little cold ligroin, in which it was 
very easily soluble; a bulky white solid slowly separated. This, 
after being washed with a little ligroin, crystallised from boiling 
light petroleum (b. p. 80-—100°), in which it was moderately easily 
soluble, as a friable, colourless, microcrystalline powder, m. p. 99-5— 
100-5° (Found : C, 28-2; H, 2-9; N, 2-5; Cl, 57-7; M, eryoscopic 
in benzene, 548, 545. C13H,60;NCl, requires C, 28-6; H, 2-8; 
N, 2-6; Cl, 57-7%; M, 553). 

When solid butyl chloral hydrate (3 mols.) is added to a saturated 
aqueous solution of potassium cyanide (1 mol.) at 0°, the clear 
solution first formed soon deposits a colourless oily liquid which 
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later solidifies. The product appears to be a mixture of the above 
substance with butyl chloral cyanohydrin, but a complete separation 
could not be effected. 

The Action of Potassium Cyanide upon 6-Nitro-2 : 4-bis(trichloro- 
methyl)-1 : 3-benzdioxin : Formation of 6-Nitro-2(or 4)-trichloro- 
methyl-4(or 2)-dichloromethylene-1 : 3-benzdioxin.—6-5 G. of powdered 
potassium cyanide were added to a solution of 41 g. of 6-nitro- 
2 : 4-bis(trichloromethyl)-1 : 3-benzdioxin in 100 c.c. of ethyl 
alcohol. On heating, hydrogen cyanide was evolved. After 
refluxing on a water-bath for } hour to complete the reaction, the 
alcohol was distilled off in a current of steam; 6-nitro-2(or 4)- 
trichloromethyl-4(or 2)-dichloromethylene-1 : 3-benzdioxin was left 
suspended in the water as a crystalline residue. After being 
washed with water, it crystallised from boiling alcohol, in which 
it was easily soluble, in colourless, elongated, rhombic prisms, m. p. 
136-5° (Found : Ci, 46-7. C, ,H,O,NCI, requires Cl, 46-7%). 

The substance does not readily form an addition compound with 
bromine. 


THE QUEEN’s COLLEGE, OxFORD. [Received, February 23rd, 1929.] 





CXXXVII.—The Reactions of the Halogens with 
Carbon Sulphidoselenide. 


By Henry Vincent Arrp Briscoz, JoHN Butrery PEEL, and 
Percy Lucock Rosrnson. 


In continuation of previous work (this vol., p. 56) carbon sulphido- 
selenide has been found to react readily and exothermally with 
chlorine and bromine. It does not react with iodine, even at 120° 
in sealed tubes, and although iodine dissolves in the liquid, it may 
be completely removed by extraction with aqueous caustic soda. 
As was anticipated, the reactions with chlorine and bromine show 
some resemblance to the corresponding reactions of carbon disulphide. 
Whereas carbon disulphide yields with chlorine thiocarbony] tetra- 
chloride, CSC], (Klason, Ber., 1887, 20, 2377), and with bromine 
carbon disulphotetrabromide, CS,Br, (Hell and Ureck, Ber., 1876, 
9, 788), carbon sulphidoselenide on chlorination at the ordinary 
temperature gives thiocarbonyl tetrachloride. and selenium tetra- 
chloride, and with bromine it yields thiocarbonyl tetrabromide (appar- 
ently hitherto unknown) and selenium tetrabromide, or, under 
certain conditions, a solid intermediate compound, C,S,SeBrg. 
Aqueous solutions of the halogen acids do not react with carbon 
sulphidoselenide even after several hours’ heating at 120°. 
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EXPERIMENTAL. 


Reactions with Chlorine.—A solution of carbon sulphidoselenide 
in carbon tetrachloride, when saturated with chlorine, deposited a 
fine white-solid which, when filtered, washed with carbon tetra- 
chloride, and dried on a porous plate in a desiccator, was very 
hygroscopic and fumed continuously on exposure to the air (Found : 
Se, 34-9; Cl, 65-0. Cale. for SeCl, : Se, 35-8; Cl, 64-2%). 

Carbon sulphidoselenide (20 c.c.) suspended in water was treated 
with a slow current of chlorine. After some time a white precipitate 
was formed which slowly dissolved to give a clear supernatant solu- 
tion. When the solution had been kept saturated with chlorine for 
48 hours, the residual liquid (20 c.c.) was separated, washed with 
aqueous caustic soda, dried with calcium chloride, and distilled. It 
yielded a bright yellow, oily liquid, b. p. 147—149°, having a pene- 
trating and disagreeable smell (Found: C, 6-5; S, 16-8; Cl, 75-8. 
Cale. for CSCl,: C, 6-5; S, 17-2; Cl, 76-3%). Vapour-density 
measurements by Dumas’s method gave values for the molecular 
weight of 210 at 170° and 198 at 200° (Calc. for CSCl,, 186-0). 

The density of the liquid, determined in a 10 c.c. glass pyknometer, 
was d% 1-6996; d? 1-6923. By using the method of capillary 
rise in three tubes, the mean value of the surface tension at 20° was 
found to be y = 35-02 dynes/cm., whence the molecular parachor, 
My*/D, is 266-1. The value calculated for thiocarbony] tetrachloride, 
assuming the mercaptan structure, is 4-8 (C) + 46-5 (S) + 217-2 
(4 x Cl) = 268-5; and the agreement of this figure with the value 
found clearly confirms the formula CCl,°S-Cl. 

Reactions with Bromine.—Addition of excess of bromine to carbon 
sulphidoselenide dissolved in carbon tetrachloride yielded an orange- 
yellow precipitate which was filtered off, washed with carbon tetra- 
chloride, and dried in a desiccator (Found: Se, 19-1; Br, 81-0. 
Cale. for SeBr,: Se, 19-8; Br, 80-2%); it fumed continuously in 
air and was extremely hygroscopic, forming, when exposed to 
moist air for a few minutes, a yellow oil. 

Carbon sulphidoselenide (20 c.c.) was suspended in water, and 
bromine (70 c.c.) was added, as required for the reaction CSSe + 
4Br,—>CSBr, + SeBr,. The viscous oil formed (35 c.c.), after 
being kept under water for 2 days, washed with aqueous caustic 
soda, and dried over calcium chloride, yielded a clear, red liquid 
with a strong smell resembling that of yellow phosphorus. The 
liquid distilled mainly between 155° and 165°,- but distillation, 
even under reduced pressure, caused progressive decomposition, so 
that free bromine was found in the head fraction and a white solid 
separated in the residue. This solid, recrystallised from aqueous 
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alcohol, had m. p. 90-0° (Found: C, 3-5; Br, 96-2. Cale. for 
CBr,:C, 3-6; Br, 96-4%). 

A quantity of the red oil, which had not been distilled, when 
washed thoroughly with aqueous caustic soda and dried was con- 
sidered to be reasonably pure (Found: C, 3-5; 8, 9-4; Br, 87-4. 
OSBr, requires C, 3-3; S, 8-8; Br, 87-99%). The density determined 
in pyknometers.was d?" 3-0240, and the surface tension determined 
by the method of capillary rise was +... = 47-74 dynes/em. From 
these data the molecular parachor My*/D = 316-4, in reasonable 
agreement with the value 323-3 calculated for the formula CBr,’S-Br. 

Carbon sulphidoselenide (10 c.c.), suspended in water, was treated 
with bromine (20 c.c.), and the thick oil was kept for several hours. 
It then set to a solid which crystallised from benzene as a fine white 
substance (54 g.) having a strong phosphorus-like smell (Found : 
C, 3-7; 8, 10-0; Se, 12-2; Br, 74:9. C,Br,8,Se requires C, 3-7; 
8, 9-9; Se, 12-2; Br, 742%). It would appear that this substance 
is formed according to the reaction 2C8Se + 5Br, —->C,S,SeBr, + 
SeBr,. Cryoscopic measurements of the molecular weight in benzene 
gave low results, suggesting that dissociation occurs in solution. 
The solid distils under reduced pressure to form a dark red oil which 
has the same composition as the original solid but does not crystallise 
unless kept under water. It seems likely that this substance exists 
in two forms, one of which is liquid; and this view is supported by 
its behaviour on melting. If the solid is slowly and steadily heated, 
it melts sharply at 90-0°, but if it is maintained at a lower temper- 
ature for some minutes it will liquefy slowly even at 78°. 


Acknowledgment is made of a grant from the Department of 
Scientific. and Industrial Research enabling one of us (J. B. P.) 
to take part in this work. 


University oF DurHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. (Received, April 3rd, 1929.] 





CXXXVII—The Reactions of  Nitrosulphonyl 
Chlorides. Part I. The Reaction of Hydrazine 
Hydrate with o-Nitrosulphonyl Chlorides. 


By Artaur THURLBY Dann and Wiii14M Davizs. 


Tue reaction between hydrazine hydrate and 2-chloro-5-nitro-p- 
toluenesulphonyl chloride (I) in the cold gives the primary hydrazide 
R-SO,"NH-NH,, but from the warm mixture more than 90% of the 
sulphinic acid and the theoretical quantity of nitrogen required by 
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the equation 2R-SO,Cl + 2NH,-NH,,H,O = 2R:SO,H + N, + 
2H,0 + NH,*NH,,2HCl are obtained. The hydrazide decomposes 
in the presence of hot aqueous hydrazine or dilute hydrochloric acid 
to form the sulphinic acid and the theoretical quantity of nitrogen. 

It is known (Curtius and Lorenzen, J. pr. Chem., 1898, 58, 166) 
that benzenesulphonhydrazide is decomposed ‘by boiling water or 
aqueous alkali, benzenesulphinic acid and other organic substances 
being produced. As there is no evidence of ring formation with 
o-nitrobenzenesulphonhydrazides, the almost quantitative produc- 
tion of the o-nitrosulphinic acid is probably due to the activating 
or chemical effect of the nitro-group. This influence is well shown 
in the properties of the o-nitrosulphinic acids themselves. 2-Chloro- 
5-nitro-p-toluenesulphinic acid (II) has been kept almost unchanged 
for 7 years at room temperature. In hot pyridine (and in other 
hot solvents), however, it loses sulphur dioxide with the production 
of 2-chloro-5-nitrotoluene (IV) in'77% yield; under these conditions, 
naphthalene-f-sulphinic acid gives but 6-2°% of naphthalene, and the 
chlorobenzene produced from p-chlorobenzenesulphinic acid can 
be detected only by its odour. 6-Chloro-3-nitro-o-toluenesulphinic 
acid (III) is so unstable that attempts to prepare it always result 
in the formation of (IV) in good yield (65%). o-Nitrobenzene- 
sulphinie acid is of the same order of stability as (II). 

m- and p-Nitrosulphinic acids are produced with much more 
difficulty than the o-isomeride by the action of hydrazine hydrate 
on the sulphonyl chloride; the difference is sufficiently great to 
enable an easy separation of at least one o-nitrosulphonyl chloride 
(as the sulphinic acid) from its position isomerides to be effected. 


NO, 


The product obtained by the addition of o- or p-nitrobenzoyl 
chloride to hydrazine hydrate contains both the primary and the 
secondary hydrazide; when the order of addition is reversed, the 
secondary hydrazide alone is formed (compare Naegli and Stefano- 
vitsch, Helv. Chim. Acta, 1928, 11, 636). In contrast with this 
behaviour, nitrosulphonyl chlorides have never in our experience 
given a secondary nitrosulphonhydrazide by direct reaction with 
hydrazine hydrate. Curtius and Lorenzen (loc. cit.), however, who 
dissolved their benzenesulphonyl chloride in alcohol, allude to the 
direct production of the secondary benzenesulphonhydrazide. It is 
evident that the presence of the nitro-group in the molecule makes 
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both the nitrosulphonyl chlorides and the nitrosulphinic acids 
anomalous, and the study of the properties of these substances is 
being continued. 

EXPERIMENTAL. 

The preparation of 2-chloro-5-nitro-p-toluenesulphonyl chloride 
(I) (Davies, J., 1921, 119, 860) is much simplified by the direct 
nitration of the crude undistilled monochlorination product from 
p-toluenesulphonyl ‘chloride. The nitration mixture is washed 
with water and the mixture of sulphonyl chlorides is dried and 
crystallised from petroleum (b. p. 80—100°),- the yield of (I) being 
65% by weight of the original p-toluenesulphonyl chloride. 

Reaction between 2-Chloro-5-nitro-p-toluenesulphonyl Chloride and 
Hydrazine Hydrate-—(1) The sulphonyl chloride added to the hydrazine 
hydrate. A solution of the sulphonyl chloride (21-6 g., 1 mol.) in 
benzene (30 c.c.) is added during 10 minutes to hydrazine hydrate 
(10 g. of 100%, 2} mols.) in absolute alcoho! (40 ¢.c.) with thorough 
shaking and intermittent cooling, but the temperature is allowed to 
reach 40°; a brisk evolution of nitrogen then-occurs. After 4 hours, 
the precipitate of sulphinic acid is collected, stirred with cold dilute 
hydrochloric acid (60 c.c.), dissolved in dilute sodium hydroxide 
solution, and recovered (16°5 g., 87-6% yield), m. p. 129—131°. 

(2) The hydrazine hydrate added to the sulphonyl chloride. The 
sulphonyl chloride (20 g.) is dissolved in ether or benzene (70 c.c.), 
and the hydrazine hydrate (without solvent) added in the cold. The 
precipitate is collected and heated with a little water, and the 
sulphinic acid purified as described above. Yield, 17 g. (97-5%); 
m. p. 125—128°. 

Estimation of the nitrogen produced in the reaction. The sulphony! 
chloride (0-4091 g.) in about 3 c.c. of benzene was mixed with 
0-17 c.c. of hydrazine hydrate and 2 c.c. of alcohol and warmed, the 
usual apparatus, consisting of a small flask, a small tube, and a 
nitrometer, being employed. 17-61 C.c. of nitrogen (measured at 
17° and 756 mm.) were obtained, corresponding to 0-49 mol. of 
nitrogen per mol. of sulphonyl chloride. In another experiment 
the nitrogen was shown, by sparking with oxygen, to be free from 
hydrogen. The product did not contain an amino-group, and 
ammonia was not produced in the reaction. 

2-Chloro-5-nitro-p-toluenesulphinic acid (II) consists of very pale 
yellow needles, m. p. 131-5° (Found: C, 35-7; H, 2-8; N, 5-95, 
6-05, 6-1; Cl, 15-4; equiv., 238-8; M, cryoscopic in phenol, 215, 219. 
C,H,O,NCIS requires C, 35-6; H, 2-5; N, 6-0; Cl, 15-1%; M and 
equiv., 235-5). It is very soluble in the common organic solvents 
except light petroleum, readily soluble in hot and sparingly soluble 
in cold water, from which it is almost entirely precipitated by the 
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addition of concentrated hydrochloric acid. When. the sulphinic 
acid (10 g.) is heated with pyridine (50 c.c.) on the water-bath for 
50 hours, and the product diluted with water, 2-chloro-5-nitrotoluene 
(m. p. 44°; 5-0 g.) is obtained; the yield is increased to 5-6 g. (77%) 
by steam distillation after acidification of the filtrate (Found : 
C, 49-2; H, 3-4. Cale.: C, 48-9; H, 3-6%). 

2-Chloro-5-nitro-p-tolylmethylsulphone is made from the sulphinic 
acid in small yield by methylation with methyl sulphate and sodium 
hydroxide, but in 50% yield together with only a small quantity of 
2-chloro-5-nitrotoluene by shaking in the cold a suspension of the 
silver salt in methyl alcohol-methyl iodide for several hours. It 
separates from alcohol in colourless needles, m. p. 145—146°, and 
is extremely stable and difficult to oxidise completely either in a 
combustion tube or with nitric acid (Found: C, 37-9; H, 3-3; 
N, 5-7, 5-8. C,H,O,NCIS requires C, 38-5; H, 3-2; N, 5-6%). 

o-Nitrobenzenesulphinic acid is produced in 80% yield by method 
(1) above, the temperature being allowed to reach 60°; it is extracted 
from the hydrochloric acid solution with ether and obtained in thick, 
light yellow crystals, m. p. 138—139° (Claasz, Annalen, 1911, 380, 
311, gives m. p. 134°). The silver salt and methyl-alcoholic methyl 
iodide give the sulphone, m. p. 105° (compare Claasz, Ber., 1912, 
45, 1020, 1023). 

The Production of Nitrosulphonhydrazides.—2-Chloro-5-nitro-p- 
toluenesulphonhydrazide. A solution of the corresponding sulphonyl 
chloride (21°6 g.; 1 mol.) in benzene (65 c.c.) at 0° is very slowly 
added with stirring to hydrazine hydrate (10 g.; 2} mols.) in absolute 
alcohol (50 c.c.) in a freezing mixture, the temperature being kept 
below 3°. After 3 hour, the precipitate is collected, washed with 
alcohol, well stirred with cold water until it is free from chloride, 
and dried in a vacuum over phosphoric oxide (yield, 20-8 g., 98%). 
The sulphonhydrazide forms colourless felted needles, m. p. 110—113° 
with brisk effervescence (Found: N, 15-95, 15-8. C,H,O,N,CIS 
requires N, 15-8%). It is soluble in dilute acids and alkalis, 
practically insoluble in cold water and cold alcohol, slightly soluble 
in hot alcohol. It is unstable to heat, especially in hydroxylic 
solvents, but can be recrystallised by adding it to boiling methyl 
alcohol and rapidly decanting or filtering the solution into a cold 
vessel. 

In hot alcoholic solution the hydrazide reacts with salicylaldehyde 
and cinnamaldehyde to form salicylidene- and cinnamylidene-azine, 
m. p. 216° and 166°, respectively. There is, however, evidence of 
the formation of the sulphonhydrazones, but these compounds are 
difficult to obtain pure when made in this medium. A warm anisole 
solution aes hydrazide and cinnamaldehyde give cinnamaldehyde- 

00 
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2-chloro-5-nitro-p-toluenesulphonhydrazone, dark red leaves, m. p. 
95°. The melting point rises with keeping (Found: N, 11-4, 11:3. 
C,gH,,0,N,CIS requires N, 11-1%). The formation of this hydr- 
azone, the fact that the hydrazide cannot be obtained pure from 
methyl alcohol rich in. acetone, and the reduction of Fehling’s 
solution in the cold all indicate that the constitution of the hydrazide 
is normal. 

o-Nitrobenzenesulphonhydrazide is . relatively unstable. The 
temperature should be kept below 0° during its preparation, and the 
sulphonhydrazide, which is fairly readily soluble in water, should be 
washed with sodium acetate solution. In this way almost colour- 
less prisms, m. :p. 101° (decomp.), are obtained in 82% yield (Found : 
N, 19-0. C,H ,0,N,5S requires N, 19-35%). Claasz (Ber, 1911, 44, 
1417) obtained from the action of aqueous alkali and hydrazine on 
o-nitrobenzenesulphonyl chloride exclusively potassium o0-nitro- 
benzenesulphonate and azimidol. 

6-Chloro-4-nitro-o-toluenesulphonhydrazide, colourless needles, 
m. p. 127°, and 2-chloro-6-niiro-p-toluenesulphonhydrazide, m. p. 
125°, plates, moderately easily soluble in cold alcohol, are both 
prepared in the usual way in exeellent yield (Found respectively : 
N, 16-0, 16-0. C,H,O,N,CIS requires N, 15-8%). 

The Action of o-Nitrobenzoyl Chloride on Hydrazine Hydrate.— 
o-Nitrobenzoyl chloride (9-3 g.,.1 mol.), dissolved in benzene (25 c.c.), 
is slowly added with vigorous stirring to hydrazine hydrate (5-1 g., 
2 mols.) in benzene (30 ¢.c.). The precipitate is collected when cold 
and extracted twice with boiling water (50 ¢.c.), from which o-nitro- 
benzoylhydrazide (1-3 g:), identified by comparison with an authentic 
specimen, crystallises on cooling. The precipitate insoluble in water 
crystallises from nitrobenzene in minute needles (m. p, 298°, 5-8 g.), 
which become brown on prolonged exposure to light (Found: 
©, 50-8; H, 3-1; N, 17-4. Cale. for C,;,H,,O,N,: C, 50-9; H, 3-0; 
N, 17:0%). This NN’-di-o-nitrobenzoylhydrazine is recognised 
as such by its inertness to cold Fehling’s solution and by its inability 
to form hydrazones. It is undoubtedly the substance (m. p. higher 
than 250°) prepared from the o-nitrobenzoylhydrazone of acetoacetic 
ester (Beilstein, “ Organische Chemie,’’ [Vth edition, vol. IX, p. 
375). 

p-Nitrobenzoyl chloride, similarly treated, gives 3-5 g. of p-nitro- 
benzoylhydrazide, m. p. 217°, sparingly soluble in boiling water and 
crystallising from alcohol in minute, pale yellow needles. Benzal- 
dehyde-p-nitrobenzoylhydrazone is almost insoluble in cold alcohol, 
and its formation in alcoholic solution is a delicate test for benz- 
aldehyde: one drop of benzaldehyde added to a hot alcoholic solution 
of the hydrazide yields a copious precipitate of very faintly yellow 
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needles, m. p. 259° (Found : C, 62-9; H, 3-9. C,,H,,0,N, requires 
C, 62-4; H, 41%). 

NN’-Di-p-nitrobenzoylhydrazine (4-0 g.) crystallises from nitro- 
benzene in very pale yellow needles, m. p. 291° (Found: C, 50-4; 
H, 33%). It forms a very sparingly soluble scarlet salt. 


The authors desire to thank Mr. H. B. Somerset, B.Sc., for assist- 
ance in the initial stages of this work. 
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CXXXIX.—WMolecular Volumes at Absolute Zero. 
Part III. Zero Volumes, Parachors, and Molecular 


Diameters. 
By SAMUEL SUGDEN. 


In Parts I and I of this series (J., 1927, 1780, 1786) no reference 
was made to the work of Biltz in the same field (Nachr. Ges. Wiss. 
Géttingen, 1926, 45; Annalen, 1927, 453, 259). The first of these 
communications appeared in a journal not readily accessible in this 
country, and the second, which deals with additive relations in 
organic compounds, was published only a few months before the 
author’s work was submitted for publication. 

In these papers, Biltz has extended to organic substances the 
studies of limiting molecular volumes in the liquid and the solid state 
on which he has been engaged for some years. His zero volumes 
are obtained from a variety of different sources, viz., extrapolation 
of liquid densities, densities in the solid state, and limiting molecular 
volumes deduced from the X-ray analysis of crystals; the values 
obtained by these methods usually agree within a few units %. 
For compounds, Biltz finds an additive relationship of the form 
Vy = X(nv9/m), in which Vy is the zero volume of the compound, 
and vp, the zero volume of any one constituent free element obtained 
directly from its density, etc., is multiplied by the appropriate 
coefficient n/m, where n and m are small whole numbers. In many 
cases n/m = 1, e.g., for carbon and the halogens; for hydrogen 
n/m = 4, i.e., this element in its compounds is assigned half the 
molecular volume it is found to occupy in the elementary condition. 
Similarly, for carbonyl oxygen n/m = 1, and for hydroxylic oxygen 
n/m = 4. 

This method of treating zero volumes differs in many respects 
from that adopted by the author (loc. cit.). Nevertheless, the atomic 
and structural constants deduced by the two methods show a 
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fairly close agreement, as may be seen from the examples shown 
below. 
Ve V, Ve V, 
(Biltz). (Sugden). (Biltz). (Sugden). 
3-4 1-1 O (carbonyl) 
P 6-7 O (hydroxyl) ... 
14-5 O (ethers) 
19-3 N (amines) 
22-1 Double bond ... 
28-3 Triple bond 

Furthermore, the zero volumes of compounds deduced from the 
densities of liquids or solids, or from crystal analysis, have been 
shown by Biltz to agree closely, and can be predicted with a fair 
degree of accuracy by using either series of constants. 

It is therefore of interest to examine the relationship between 
zero volumes (and, in addition, parachors and critical volumes) and 
the actual dimensions of the molecules. The latter quantity is 
somewhat difficult to define with certainty, but probably the best 
measure of the diameter of a molecule is provided by the modern 
work on the viscosity of gases. The mathematical theory of Chap- 
man (Phil. Trans., 1916, A, 246, 347) leads to the formula 

_ 0-491(1 + e)mV a) 

V2q(L+C/T) 7 
Here 7 is the viscosity of the gas at an absolute temperature 7’, 
m is the mass of the molecule, o its diameter, and V its mean velocity 
(which varies as 7’); ¢ is usually very small and can be neglected, 
and C is Sutherland’s constant. Provided that Sutherland’s law 
(Phil. Mag., 1893, 36, 507) holds, this formula gives a value for 
which is independent of temperature. 

It will be seen from the formula that 7 is inversely proportional 
to the cross-sectional area of the molecule, and it is undoubtedly 
better to follow the procedure of Rankine (ibid., 1921, 42, 601, 615) 
and discuss collision areas rather than molecular diameters. In 
the present problem, however, molecular volumes have to be com- 
pared with the viscosity data, so some hypothesis about the shape 
of the molecule has to be made. In Table I, the molecules are 
regarded as spheres and the diameters of these spheres are compared. 
For the inert gases this procedure is probably accurate, but some 
uncertainty is introduced into the values for more complex molecules. 

The volume occupied by an assemblage of N closely packed spheres 
of diameter o is V = No®/+/2, hence o = VV2V/N = 1-326 x 
10*9V cm., if V is the volume (in c.c.) of 1 g.-mol. In the liquid 
state we may assume a random distribution of molecules, so that the 
value of o obtained in this way gives the average distance between 
the centres of adjacent molecules. In Table I the column headed o, 
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gives the molecular diameter (in Angstrém units) calculated from 
the gas viscosity by formula (1). The data for the last five sub- 
stances are taken from Hertzfeld (“Handbuch der Physik,” 
Springer, Berlin, 1926, 22, 409); for the others the values of o, are 
calculated from the observations of Rankine (loc. cit.). The columns 
headed op, op, and o, give the mean distances between the molecules 
respectively at absolute zero, as calculated from the author’s zero 
volumes, at unit surface tension, as calculated from the parachor, 
and at the critical temperature. The last three columns give the 
ratio of these mean distances to o,. 

If the molecules of a supercooled liquid are in contact with one 
another at absolute zero, then o/c, should be approximately unity. 
There are, however, many reasons for supposing that the field of 
force around a molecule, which at small distances produces attrac- 
tion, changes to one giving a force of repulsion when two molecules 
approach each other very closely. When thermal agitation ceases 
at 0° Abs., the molecules are probably distributed at such distances 
that there is neither attraction nor repulsion between them. On 
the other hand, the value of o, gives the closest approach of two 
rapidly moving molecules in a gaseous collision; hence o9/s, would 
be expected to. be rather greater than unity. It will be seen that 
most of the substances give a value for this ratio of 1-2—1-3. 


Hydrogen and helium give much higher values, but this is only to 
be expected since the van der Waals attractive force for these 


TaB_eE I. 


Substance. V,. ([P]. Ve. on. O- 
20-2 57-6 3-73 
25-1 41-8 3-10 
53-8 75-2 3-74 
— 112-7 4-25 
35-1 46-9 3-72 
111-5 123-7 4-48 
132-1 135-7 4-69 
67-8 89-5 3-93 
8-4 — 4-07 
105-3 — 4-34 
63-8 71-9 3°63 
4-43 
5-49 


5-62 
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acetate 76-1 217-5 286-3 1-83 


iso- 

Pentane 86-1 229-2 307:°0 4-87 5-86 : 8-95 1-67 

Propyl 

acetate 91-3 256-0 345-3 467 752 842 931 1-28 1-80 1-99 
Mean 1-32 1-78 1:98 


gases is small. This is shown by many of their properties, ¢.g., 
their low boiling points and critical temperatures; they also show 
a marked deviation from Sutherland’s law at lower temperatures. 
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When the ratio o,/c, is considered, it will be seen that hydrogen 
falls into line with the other substances. The values oscillate about 
a mean of 1-78; the deviations may be ascribed chiefly to the 
omission of a correction for the shape of the molecule, but in some 
cases, notably with chlorine, may be due to uncertainties in the 
viscosity data. It is evident that, by comparing molecular volumes 
at equal surface tensions, the effect of the intermolecular field is 
largely eliminated, and a closer parallelism with the dimensions of 
molecules calculated from gas viscosities is obtained. 

The ratio o,/s, calculated from the critical volume again shows 
high values for hydrogen and helium. For the remaining substances, 
the mean distance between the centres of adjacent molecules is 
about twice their diameter, 7.e., the ‘‘ edges ’’ of such molecules are 
separated by about one diameter. For liquids at the ordinary 
temperature the molecules will approach one another still more 
closely and cannot therefore be treated as point centres of force. 
It is this fact which is the chief difficulty in the way of an adequate 
theory of capillarity. 

In general, it is to be expected that zero volumes and critical 
volumes will not be capable of accurate analysis as an additive 
function, but will show deviations for those substanees of which the 
molecules have peculiar intermolecular fields. On the other hand, 
parachors, in which the influence of this field is largely eliminated, 
should approach more closely to the requirements of an ideal additive 
function. As an extreme example, the constants found for elemen- 
tary hydrogen and for hydrogen in organic compounds may be 
quoted—the zero volumes show a large difference but the parachors 
are nearly identical : = 


H, (element) . 35-1 
2H (combined) : 34-2 


BirkBEcK COLLEGE (UNIVERSITY OF LONDON), 
Ferrer Lang, E.C. 4. [ Received, March 20th, 1929.] 





CXL.—The Parachor and Chemical Constitution. 
Part XI. Arsenic and Selenium Compounds. 


By Wi11aM James ReGrmnatp HENLEY and Samvuet Suepen. 


THe parachors of selenium compounds are of special interest in 
connexion with the question of the general validity of the octet rule. 
From the close chemical analogy with sulphur it would be expected 
that selenium in the selenoxides (Ia) and the higher halides (Ila), 
in which it exhibits valencies higher than two, would develop these 
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valencies by means of semipolar double bonds or singlet linkages, 
thus preserving a shell of eight electrons around the selenium atom. 
On the other hand, it has been a that the rule of eight 


pee 


R R 17 

Sse2—08 Sse=04 Ss ae Ng 

RF > a 7 7 wo Nis 
(Ia.) (Ib.) (IIa.) (IIb.) 


applies only to elements of low atomic number and that heavier 
elements can build up a larger external electronic shell. If this 
were true, it would permit of the existence of non-polar double bonds 
in the selenoxides (16) and of duplet linkages with the halogen atoms 
as in (IIb). The recent work of Gaythwaite, Kenyon, and Phillips 
(J., 1928, 2280, 2287) and of Edwards, Gaythwaite, Kenyon, and 
Phillips. (ibid., p. 2293), has revealed a number of characteristic 
differences between the behaviour of compounds of quadrivalent 
selenium and sulphur. Thus, quadrivalent sulphur is readily oxidised 
to the sexavalent state (e.g., sulphoxides to sulphones), but the 
corresponding selenoxides cannot be oxidised to selenones. Further, 
selenoxides of the type R,R,Se=0 have so far resisted all attempts 
at resolution, whereas the corresponding sulphur compounds are 
easily separated into their enantiomorphic forms. It seemed 
possible, therefore, that the octet rule might not hold for selenium, 
and if this were not the case the parachors of suitable compounds of 
this element should reveal the presence of the larger external elec- 
tronic shell. It may be stated at once that the results of the 
investigation described below strongly support the application of the 
octet rule to selenium compounds and are opposed to any inter- 
pretation of the differences between sulphur and selenium compounds, 
which is based upon the presence of a group of more than eight 
electrons around the selenium atom. 

Atomic Parachors of Selenium and Arsenic.—The first step in this 
investigation was the determination of the atomic constant for 
selenium. For this purpose only bivalent selenium compounds 
may be used, since in such substances there is no question as to the 
electronic structure of the linkages present in the molecule. This 
part of the work was facilitated by the loan of suitable substances 
by Dr. J. Kenyon (substances 1, 2, 3, 10, and 11) and Dr. Challenger 
(substances 4 and 5), to whom the authors tender their thanks. 
The parachors of these substances are collected in Table I, and give 
an atomic constant of 62-5 for selenium. Further evidence for this 
value is given by’ the parachors of selenophen (Briscoe and Peel, 
J., 1928, 1741), from which Se = 68-0, and of carbon sulphido- 
selenide (Briscoe, Peel, and Robinson, this vol., p. 58), from which 
Se = 587. This value is also supported by that of the neighbouring 





HENLEY AND SUGDEN : 


TaB_e I, 
Atomic Parachor of Selenium. 


Substance. Formula. [P] obs. 3[P]. Se. 


No. 

1 Dipheny! selenide SePh 445-6 380-0 65-6 
2 Dipheny! diselenide 506-5 380-0 63-2x2 
3 
4 
5 


Phenyl selenium bromide SePhBr 321-4 2580 63-4 
p-Bromopheny] seleno- 
eyanate C,H,Br-SeCN 366-1 304-6 61-5 
p-Chloropheny] seleno- 
349-3 291-1 = 558-2 


Mean 62-5 
elements arsenic and bromine. For arsenic, measurements by 
Jaeger on the trichloride and tribromide were available, and to these 
we were able to add two chloroarsines of which specimens were kindly 
supplied by Dr. Johnson. The data for these compounds (Table II) 
give a mean parachor for arsenic of 50-3. These constants together 


TaB_e II. 


Atomic Parachor of Arsenic. 


Substance. Formula. [P]obs. [PF]. As. 
Arsenic trichloride AsCl, 212-0 162-9 49-1 
Arsenic tribromide AsBr, 253-5 204-0 49-5 
Phenyldichloroarsine C,H,-AsCl, 348-3 298-6 49-7 
Diphenylchloroarsine (C,H;),AsCl 487-1 434°3 52-8 
Mean 50:3 
with those determined in earlier papers of this series show a regular 
variation of atomic parachor with atomic number. The vertical 
and the horizontal differences between the constants for adjacent 
atoms show a regular distribution and indicate that the constant 
for tellurium should be in the neighbourhood of 86 units. 


wif 
mevneenne =] 45 —-—na-—- >> a+ ----6-1--—---—> Cl 


48-2* 543 


us{ Se ssa{ Br 


50-30 G2. 68.0 


asf Sb 2s{ Te 220{ I 
oO eg. 8B) 80 


Higher Valencies in Selenium Compounds.—The higher-valent 
compounds of selenium are conveniently divided into two classes 
for the purpose of discussing the type of valency linkage which 
they contain. The first group includes substances in which the 
valency is raised above the normal value of 2 by combination with a 
bivalent element, e.g., oxygen in the selenoxides. If the octet rule 
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applies to selenium, then compounds of this group will contain a 
semipolar double bond (Formula Ia). In the second group the 
additional valencies are used to hold univalent atoms, e.g., chlorine 
in selenium tetrachloride, and here the octet rule requires the use of 
singlet linkages (Formula Id). 


TaB_eE III. 


Semipolar Double Bonds in Selenium Compounds. 


Semi- Non- 
Substance. Formula. [P]obs. polar. polar. 
Dipheny] selenoxide Ph,Se—O 461-6 460-9 485-7 


Phenylseleninic acid... O>>Se==O 299-5 308-0 332-8 
Selenium oxychloride ... Cl,Se=>O 181-1 189-5 214-3 


Data for three compounds of the first group are in Table III. The 
parachors found for these substances indicate clearly that the double 
bond is semipolar. For diphenyl selenoxide the observed and the 
calculated parachors are in good agreement, but the other two 
substances give parachors even lower than that predicted for a 
semipolar double bond. In both cases this appears to be due to 
association. 

The typical associated liquids, viz., the lower alcohols and fatty 
acids, give parachors 4—8 units lower than the calculated (Sugden, J., 
1924, 125, 1189; Jones, J., 1928, 1196; Hunter and Maass, J. Amer. 
Chem. Soc., 1929, 54, 161). Since phenylseleninic acid contains a 
hydroxyl group, it should behave similarly, and the low value of 
its parachor can thus be accounted for. 

The anomaly with selenium oxychloride requires a closer scrutiny, 
for the corresponding sulphur compound, thionyl chloride, gives a 
normal parachor ([P] obs. 174-5, [P] calc. 175-2; Sugden, Reed, and 
Wilkins, J., 1925, 127, 1526). Two specimens of selenium oxy- 
chloride were examined, one, a commercial product purified by 
repeated distillation and fractional freezing and melting at 8°, and 
the second, a larger specimen, prepared from elementary selenium 
and repeatedly frozen until of constant melting point, 10° (corr.). 
Both gave the same value for the parachor; hence the anomaly 
found cannot be due to the presence of impurities. 

The molecular weight of this substance in benzene was then 
investigated.* Over a range of concentration of 2—20 g. per 100 g. 
of benzene, the values found ranged from 166-5 to 195-7 (SeOCl, = 
166-1). There is clearly a marked tendency for this substance to 
associate in benzene solution, and a still higher degree of association 
may be expected in the pure liquid. Further evidence for classify- 


* Thionyl chloride gives a low molecular weight (109 instead of 119) by the 
sryoscopic method in benzene (Oddo and Sena, Gazzetta, 1899, 29, ii, 318). 
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ing selenium oxychloride as an associated liquid is furnished by its 
low Ramsay-Shields coefficient dy(Mv)i/dt = — 1-33, its high 
dielectric constant (46-2 at 20°; Wildish, J. Amer. Chem. Soc., 
1920, 42, 2607), and its remarkable solvent power. 

The monohydrate of selenium oxychloride has also been examined. 
This substance, described by Lenher (J. Amer. Chem. Soc., 1920, 
42, 2498), may be prepared either by adding water to the oxychloride 
or by the action of hydrogen chloride on selenium dioxide. The 
latter reaction has recently been studied by Robinson and Parker 
(J., 1928, 2853), who found that the compound could be distilled, 
but with some decomposition. From these methods of formation 
it probably has the structure Se(OH),Cl,, and hence, if the octet 
rule holds, it should contain two singlet linkages (compare Ila). 
The parachor found agrees with this hypothesis : [P] obs. = 222-8, 
[P] calc. (singlet formula) = 222-1... It is not possible without further 
evidence to determine whether the hydroxyl groups or the chlorine 
atoms are held by singlet links; since in phosphorus and antimony 
pentachlorides, chlorine atoms linked by singlets appear to be 
moderately stable (Sugden, loc. cit.), the latter hypothesis seems the 
more probable. 

EXPERIMENTAL. 

Surface tensions were determined by themethodof maximum bubble 
pressure (Sugden, J., 1922, 121; 158; 1924, 125, 27), and densities 
by means of the U-shaped pyknometer described in J., 1924, 125, 
1171. The tables below are set out in the same manner as in earlier 
papers of this series; the parachors are caleulated by the formula 
[P| = Myt/(D—d) where M = molecular weight, y = surface 
tension (dynes/cm.), and D and d are the densities of liquid and 
vapour, respectively, d being neglected for the substances studied. 

Arsenic trichloride and tribromide. The following data are due to 
Jaeger (Z. anorg. Chem., 1917, 101, 1): 


Arsenic trichloride (M = 181-3). Arsenic tribromide (M = 314-7). 
t. y- D. [P]. t. -Y- D. [P]. 
—21-0° 43-8 2-245 207-7 49-6° 49-6 3-328 251-0 
41-4 2-205 208-5 74-5 46-6 3-261 252-2 
39-4 2-165 209-8 90-0 44-8 3-234 261-7 
38-0 2-136 210-7 105-5 43-0 3-184 253-1 
36-6 2-105 211-9 121-0 41:0 3°143 253-4 
35-1 2-073 212-9 135-0 39-6 3-111 263-8 
34-2 2-051 213-7 149-6 38-2 3-076 254-4 
32-8 2-016 215-2 165-0 37-0 8-041 255-2 
31-0 1:968 | 217°8 179-7 36-1 3-008 256-5 
Mean 212-0 Mean 253-5 


Phenyldichloroarsine, C,H;-AsCl,, M = 223-0, b. p. 118°/9 mm. 
Densities determined: Di" 1-655; D* 1-628; D?*.. 1-601; 
D3* 1-578 ; whence Df = 1-677 — 0-001254#. 
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42-0° 62-6° 79-0° 
41-51 38°72 37°33 
1-624 1-600 1-578 
348-3 347°5 349-1 
Mean 348-3 


Diphenylchloroarsine, (C,H;),AsCl, M = 264-5, b. p. 172°/7 mm. 
Densities determined: D)** 1-482; D®#® 1-387; D%®®* 1-368; D?* 
1350; whence Di: = 1-427 — 0-000955t. 


42-5° 61-0° 80-5° 
42-65 40-37 38°32 
1-386 1-369 1-350 
487-6 487-0 487-5 


Mean 487-1 


Diphenyl selenide, (C,H;),Se, M = 233-3, b. p. 168—170°/17 mm. 
Densities determined : Di* 1-359; D#* 1°332; D¥®*. 1-316; Diz 
1:298; whence DE = 1-374 — 0-00098¢. 


39-5° 60-5° 79-5° 
42-26 39-41 37-84 
1-335 1-315 1-296 
445-7 444-6 446-7 
Mean 445-6 


Diphenyl diselenide, (CgH;).Se., M = 312-5, m. p. 63°. Densi- 
ties determined ;. D?™ 1-557; D* 1-518; Di®* 1-477;, whence 
Di; 1-644 — 0-001098. 


97-5° 119-1° 139-2° 
38-49 36-64 34-32 
1-538 1-514 1-492 
506-1 507-9 507-0 


Mean 506-5 


Phenyl selenium bromide, C,H,;SeBr, M = 236-2, m. p. 61°. 
Densities determined : D®* 1-898; D7* 1-875; D%®* 1-861; De 
1-845; whence D{. = 2-001 — 0-0016t. 


80-5° 90-5° 103-0° 
41-55 40-29 38°39 
1-862 1-856 1-836 
322-0 320-6 320-2 


Mean 321-4 


p-Chlorophenyl selenocyanate, C,H,Cl‘SeCN, M = 216-7, m. p. 
53-5—54-5°. Densities determined: D%™ 1-590; D®®* 1-579; 
Dz" 1-570; DS* 1-557; whence Di = 1-650 — 0-00104¢. 


* 65-5° 76-5° 85-5° 
42-29 41-12 40-03 
1-582 1-570 1-561 
349-3 349°5 349-2 


Mean 349-3 





1064 HENLEY AND SUGDEN : 


p-Bromophenyl selenocyanate, C,H,BrSeCN, M = 261-2, m. p. 
70-5—71-5°. Densities determined: Dj?* 1-842; D%" 1-830; D®* 
1-814; whence Di. = 2-042 — 0-00264¢. 

At 90° decomposition became perceptible, so the measurements 
were confined to lower temperatures. 

80-5° 85-5° 91-0° 
43-1 42-3 41-6 

1-833 1-816 1-801 
365-0 366-6 368-0 
Mean 366-1 


Diphenyl selenoxide, (C,H;),5SeO, M = 249-3, m. p. 108°. Densi- 
ties determined: D}#* 1-382; Di 1-375; D* 1-364; D> 
1-335; whence Df. = 1-487 — 0-000891. 

121-0° 133-0° 143-0° 151-5° 
42-32 41-07 40-21 39°31 


1-379 1-368 1-359 1-351 
461-4 462-0 462-2 


Mean 461-6 


Phenylseleninic acid, C,H,;SeO.H, M = 189-2, m. p. 122°. 
This substance decomposed rapidly a few degrees above its m. p., 
so one observation only was made at 123-0° (Found : y = 46-7; D = 
1-652; whence [P! = 299-5). 

Selenium oxychloride, SeOCl,, M = 166-1. This substance was 
prepared as described by Lenher (/oc. cit.) and purified by distillation 
and repeated freezing. The specimen used had b. p. 181° (slight 
decomp.), and the m. p. (10°, corr.) was unchanged by four successive 
freezings in each of which half of the substance was removed as a 
“more fusible’’ fraction. Densities determined: D}§* 2-445; 
D* 2-398; D®* 2-356; D?Z* 2-314; whence Di = 2-478 — 0-00208i. 

41-5° 62-5° 80-5° 
45-8 43-4 41-7 


2-443 2-392 2-348 2-310 
180-7 181-6 182-8 


Another specimen, purchased from British Drug Houses and 
frozen out once, had m. p. 8° (corr.). Densities determined : D}!* 
2-443; D#* 2-390; Di 2-359; Di? 2-322; whence Df = 2-475 — 
0-00212¢. 


44-5° 60-5° 80-5° 
45-0 . 433 41-3 
2-380 2-346 2-303 
180-8 181-7 182-8 


The Molecular Weight of Selenium Oxychloride —The usual Beck- 
mann apparatus was employed. The solvent used was A. R. 
benzene, dried with phosphorus pentoxide, and a little fresh pent- 





THE PARACHOR AND CHEMICAL CONSTITUTION. PART xI. 1065 


oxide was added to the solution before each determination. Occa- 
sionally some difficulty was found in the formation of an ice-like 
solid form of benzene which gave a freezing point 0-2° too high; 
once the shower of small crystals had been obtained, it was easy to 
obtain readings to within +0-002°. To test the calibration of the 
thermometer, determinations were made with naphthalene and 
camphor as solutes at concentrations of about 4%. Found: 
naphthalene 127-4 (calc. 128), camphor 149-3 (calc. 152). The data 
found for selenium oxychloride (M = 166-1) were: 


Cone. Molecular weight. Conc. Molecular weight. 
(g./100g.). AT’. R. B.&J. (g./100g.). AT. R. B.& J. 
1-925 0-578° 166-5 1724 10-66 2-757° 193-0 193-6 
4-713 1345 1753 1793 14-61 3°75 194-3 191-6 
6-06 1-641 1846 188-1 19-83 4-95 195-7 =: 189-3 


The figures in the column headed R are calculated by Raoult’s 
simple formula M = KC/AT’, in which the constant K is taken as 
50. The last column gives the molecular weight from the equation 
of Bury and Jones (J., 1924, 125, 2219; 1925, 127, 1947), vwiz., 
M = 0-780(66-95 — AT’)/AT. The latter expression gives a 
maximum in the molecular weight-concentration curve; this can 
scarcely be taken to have any physical significance but is. a con- 
sequence of the mathematical form of the empirical equation. Both 
methods of calculation lead, however, to the conclusion that selenium 
oxychloride is appreciably associated in benzene solution at concen- 
trations greater than 2°% by weight, so the pure substance must be 
regarded as a highly associated liquid. 

Selenium oxychloride monohydrate, SeOCl,,H,O, M = 184-1, was 
prepared from selenium oxychloride (m. p. 8°) and water. Densi- 
ties determined : Di#* 2-253; D®* 2-202; D®* 2-160; DE* 2-134; 
whence Df. = 2-282 — 0-00189¢#. 

43-1° 61-45° 771° 94-4° 
49-62 46-73 45-78 43-70 
2-200 2-165 2-136 2-103 
222-1 222-5 224-2 225-1 
Mean 222-8 


One of us (S. 8.) is indebted to the Research Fund Committee of 
this Society for a grant which has partly defrayed the cost of this 
investigation. 
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CXLI.—The Therma! Decomposition of Methane. 
Part I. Decomposition in Silica Bulbs. 


By G. C. Hotitmay and H. C. Ext. 


THE static experiments upon the decomposition of methane described 
in this paper form part of an investigation of the secondary reactions 
of coal carbonisation in gas retorts which is proceeding in the 
laboratories of the Gas Light and Coke Co. At an early date it is 
hoped to publish the results obtained by the streaming method to 
which reference is made, and then to discuss the bearing of the work 
upon industrial practice in gas manufacture. 

Although much attention is at present being paid to the synthesis 
of higher hydrocarbons (Fischer, Brenn. Chem., 1928, 9, 309; 
Wheeler and Wood, Fuel, 1928,'7, 535) from methane, the literature 
gives very little information with regard to the rate of decom- 
position of the gas. With certain catalysts the reaction appears to 
be a straightforward unimolecular one (Schwab and Pietsch, 
Z. physikal, Chem., 1926, 121, 189), whereas on other surfaces the 
order is uncertain (Bone and Coward, J., 1908, 93,1197). Our experi- 
ments have been chiefly confined to surfaces of silica, coke, and retort 
graphite, and have shown that under these conditions the decom- 


position is by no means so simple as might be expected, for between 
900° and 1200° the initial velocity of decomposition is very great but 
later becomes so strongly retarded that for all practical purposes a 
condition of false equilibrium, far removed from the theoretical, 
is set up. 


ExPERIMENTAL. 


Fig. 1 shows the apparatus used. It consists of a reservoir for 
methane A, a phosphoric oxide drying tube B, a measuring burette 
C, a manometer D, and a clear silica bulb E, heated to the required 
temperature in the double-wound nichrome furnace F. The tem- 
perature of the bulb over its whole length could be kept constant 
within 1—2°. 

To carry out a run, dry methane was first passed into C, the bulb 
evacuated via tap G, tap H closed, tap I opened, and the volume of 
methane in C read. Tap H was opened and methane allowed to 
enter the bulb. Tap H was then turned through 180° and the 
mercury raised by means of the reservoir J to the constant-volume 
mark L, above the ground joint. Readings could then be taken at 
intervals showing the increase of pressure resulting from the dis- 
sociation. A first reading could be obtained within a minute of the 
entry of gas into the bulb. The initial pressure P, was calculated 
from the amount of methane admitted and the volume of the bulb, 
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previously determined by. calibration with nitrogen.. Before the 
second reading in C was taken, the capillary in tap H. was filled 
with mercury. At the end of the run a sample of the resulting gas 
could be taken via taps K and H. 

Temperatures were accurately controlled by means of a platinum- 
platinum-rhodium thermocouple with its cold junction in ice. The 
capacity of the. bulbs varied from 130 to 150 c.c.. The results are 
corrected where necessary for hydrogen diffusion, which was, how- 
ever, negligible at 900° and still very small at 1000° and 1100°, 
owing to the thickness of the silica used. Agreement between 
pressure measurements and gas analysis was usually within 1%. 






































Bulbs were coated with methane carbon in all cases before the 
commencement of a series of runs. 

Preparation of Methane.—In the early experiments methane was 
prepared from aluminium carbide. The crude gas was purified by 
passing it at a rate of 2 litres per hour successively through ammon- 
iacal cuprous chloride, 50% sulphuric acid, 50 cms. of copper oxide 
contained in a tube heated to 270°, alkaline sodium hydrosulphite, 
and 50% potassium hydroxide. Gas of 99% purity, the remainder 
being chiefly nitrogen with a trace of hydrogen, can be prepared in 
this way. In the later experiments, cylinder methane supplied by 
Messrs. Insoles, Ltd., of Porth, was purified by fractionation in 
liquid air, and a gas of 99-9% purity obtained. Gas prepared in 
both ways gave precisely the same results. 

Results.—Fig. 2 shows a few results obtained in a bulb of volume 





1068 HOLLIDAY AND EXELL : 


129-6 c.c. and internal surface 194-8 sq.cm. It will be seen that in 
all cases there is a very rapid initial decomposition followed by 
extremely slow dissociation and that the percentages of methane 
remaining for all practical purposes stable after some 60 minutes 
are very much greater than we should expect from the true equi- 
librium values (see later). Two experiments at 900° show how 
slowly the methane is decomposing in the later stages. Beginning 
in each case with 660 mm., there remained after 113 minutes 41-9°, 
and after 342 minutes 38-2%, of methane, .e., less than 1% of methane 


Fie, 2. 
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disappears per hour. Similarly at 1000° with an initial pressure of 
540 mm. in each case, 1-5°% of methane decomposed per hour in the 
later stages. 

Effect of Pressure—Some preliminary experiments at 900° showed 
that the lower the initial pressure the greater is the final amount of 
dissociation. A series of careful experiments at 1000° was then 
carried out and Fig. 3 shows the results obtained when the initial 
pressure varied from 60 to 980 mm. The curves again have the 
appearance of true dissociation equilibria, i.e., higher dissociation 
at lower pressures. 

Effect of Added Hydrogen.—Experiment showed that hydrogen 
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added initially behaves in the same way as that produced by dis- 
sociation, whether it is mixed initially with the methane or intro- 
duced previously into the bulb. If the initial mixture corresponds 
to some point on the first part of the curve, the rate is exactly the 
same as if dissociation of pure methane had already reached a point 
corresponding to the initial mixture. If more than the “ equi- 
librium ” amount of hydrogen is present initially the curve is 
practically a straight line and the methane decomposes extremely 
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slowly (Fig. 4). It will be noted, however, that no synthesis back 
to the ‘‘ equilibrium ” value occurs with excess of hydrogen. 
Effect of Other Gases.—Nitrogen and carbon monoxide have no 
effect on the rate or on the final amount of dissociation if the initial 
partial pressure of methane is the same. At a constant total pres- 
sure, however, they act as diluents and, by reducing the partial 
pressure of methane, increase the percentage decomposition. 
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Discussion. 
All the experimental results suggest a reaction approaching an 


equilibrium which, however, bears no relation to the true reversible 
equilibrium in the presence of special catalysts. Saunders’s 
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equation (J. Physical Chem., 1924, 28, 1151) for the true equilibrium 
of{methane and hydrogen in contact with graphite, viz., 

log K, = 4008/7 — 1-75 log T + 0-000637' — 0-7, 
agrees fairly well with the results obtained by Pring and Fairlie 
(J., 1912, 101, 91). The true equilibrium amounts of methane, 
calculated from this equation for the temperatures and final pres. 
sures shown in Fig. 2, are given in Table I (Hgy,, col. 3). The 
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actual amounts of methane, é.4,, remaining in the experiments are 
shown in col. 4; and it will be seen that they are very much greater 
than the true equilibrium values. 


TABLE I. 


Total pressure (mm.) . 

Temp. after 60 mins. Ecu,(mm.). eex, (mm.). 
816° 819-2 19-0 534-8 
928 845-3 9-3 326-7 

1000 799-3 “6 166-7 

1118 820-6 “2 66-4 

1194 (992) * “4 48-0 
* After 10 minutes. 
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It is clear that the decomposition is not a simple unimolecular 
reaction, proceeding simply to the true final equilibrium point. 
The apparent equilibria are due possibly to two causes: (1) The 
solid deposited by methane may not be pure carbon but a high 
| hydrocarbon with a greater vapour pressure than carbon, in which 
case the equilibrium concentrations of methane would be higher 
(compare equilibrium of carbon monoxide, carbon, and iron oxide 
with different forms of carbon; Schenk and Heller, Ber., 1905, 38, 
2139). (2) The reaction is being very strongly retarded by selective 
adsorption. 

Since synthesis from hydrogen and the solid deposited by previous 
decomposition of methane could not be effected to the extent 
required by the “ equilibrium ”’ value, and since the “‘ equilibrium ” 
values vary with the extent of the surface (unpublished results), the 
first explanation is not valid. The second, however, appears to be 
the true one. Hinshelwood (“ Kinetics of Chemical Change in 
Gaseous Systems,” p. 158; J., 1925, 127, 1114) has given examples 
of retardation, and shows that the lower the initial pressure the 
greater the velocity of reaction (compare nitrous oxide and ammonia). 
Our experiments show that the retardation in the case of methane 
is extremely strong and is almost certainly due to the preferential 
adsorption of hydrogen, which finally protects the. surface so 
efficiently that further decomposition of methane is. practically 
prevented. 

A glance at the velocity curves shows that at most of the tem- 
peratures used the greater part of the reaction is over before the 
first reading can be taken. Thus it is not yet possible to determine 
the order of the reaction or the complete velocity equation, which 
will probably involve hydrogen as a retarding factor to some power 
of its concentration. Experiments are in progress on the course of 
the rapid reaction at low pressures, and it is hoped that these will 
throw light on the present results. 

Whatever the final form of the velocity equation, the similarity 
between the “‘ equilibrium ” values and true equilibria is remarkable. 
In fact, if the concentrations of hydrogen and methane remaining 
after one hour are regarded as true equilibrium values, the results 
shown in Fig. 3 give a fairly good constant for the expression 
Peu,/P?a, = C, which means that the amount of imitial decom- 
position on a given surface for any pressure of methane can be 
calculated from one result. If P, is the initial pressure of methane, 
and P_ the total pressure after 1 hour, then the values of C at a 
temperature of 1000° (Table IT) are seen to be approximately con- 
stant over the range 60—980 mm. for P,. 

Further, if C is found for the results at different temperatures 
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TABLE II. 


P, (mm.). P, (mm.). Pows Pus: C x 10’. 
62 119-4 4-6 114-8 3491 
96 181-0 11-0 170-0 3807 
241 425-6 56-4 369-2 4139 
481 796-1 165-9 630-2 4179 
730 1171-7 288-3 883-4 3694 
980 1533-7 426-3 1107-4 3477 


shown in Fig. 2 and log C is plotted against temperature, a straight 
line is obtained (Fig. 5), again showing close analogy with a true 
equilibrium reaction. For a given surface, therefore, the amount 
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of rapid dissociation of methane at any pressure and temperature 
can be calculated from two results at different temperatures. 
There is at present no theoretical justification for the constant (, 
but it is likely to be of practical use. 

Ethane.—The following experiment: shows that methane and 
hydrogen resulting from the decomposition of ethane exhibit the 
same retardation as methane itself, and give the correct C value for 
the temperature and pressure of the experiment. 297 M.m. of 
ethane containing 3-4% of nitrogen were admitted to a bulb of very 
nearly the same size as that used for methane. The temperature 
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was 929°. The decomposition initially was extremely rapid but 
practically stopped when the total pressure was 663 mm. Analysis 
of the residual gas gave 29-8% CHy,, 687% H,, and 1:5% Nj. 
Assuming that the methane and hydrogen are in equilibrium, and 
calculating C from their partial pressures, we find that log (C x 10) 
is 2.9807, which lies very close to the same value for methane at 
929°, viz., 3-05 (Fig. 5). 

Experiments on Porcelain.—A porcelain bulb of approximately the 
same size as the silica bulbs was used for a few experiments at 
1000°. In all cases the retardation was just as marked, and the 
“equilibrium ” values almost exactly the same as those obtained 
on silica. 

Experiment with a Nickel Catalyst.—One of the silica bulbs used 
in the previous runs was coated with nickel by decomposition of a 
solution of the nitrate and reduction in the bulb itself. At 900° the 
velocity of decomposition of the methane was enormously increased, 
no retardation taking place. Only 3% of methane remained after 
18 minutes, showing that the true equilibrium point was being 
rapidly approached. 

Effect of Surface——Previous workers have assumed that at least 
up to 1300° the decomposition of methane is a purely surface reaction, 
but very little quantitative evidence is given. If a gas reaction and 
a surface reaction are occurring simultaneously, differentiation can 
usually be achieved by measuring velocities on surfaces of different 
areas, and the value of the velocity coefficient found by extrapolation 
to correspond to a zero value for the ratio surface : volume is the 
coefficient for the homogeneous reaction. An attempt was made to 
determine the influence of surface. A silica bulb packed with thin 
silica tubing and sealed into a larger silica bulb was used, the outer 
bulb serving as a jacket of hydrogen to prevent diffusion entirely. 
The results in this bulb, however, were disappointing, the analyses 
diverging considerably from the pressure readings. Experiments 
with pure hydrogen showed that the velocity of decomposition was 
being masked by rapid solution of hydrogen in the silica packing, 
the rate of which was of the same order as the decomposition itself 
and affected the pressure readings in the reverse direction by lowering 
the total pressure. The amount of hydrogen absorbed increases as 
the temperature is raised and is directly proportional to the total 
hydrogen pressure. At 900°, 6-4% of the pressure of hydrogen was 
absorbed by 105 g. of silica packing in a bulb in which the free 
space was 51-8 c.c.; at 1000°, 10-6%; and at 1100°, 16%, most of 
the absorption being complete in 10 minutes in all cases. It will 
be seen that such absorption would seriously affect the accuracy 
of velocity determinations carried out under the above conditions 
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and with the object specified; it was therefore necessary to use a 
streaming method to find the effect of surface, and the results 
obtained will be published shortly. 


Summary. 


(1) The decomposition of methane on silica at temperatures 
between 800° and 1200° has been studied. 

(2) Retardation is so strong in all cases that for practical purposes 
a false equilibrium is obtained. 

(3) Results obtained over a wide range of pressures show that 
values of pou,/p*s, are constant, and the effect of temperature on 
the constant is exactly analogous to its effect on true equilibria. 

(4) Similar results are obtained on porcelain. 

(5) Ethane decomposes to give the same “ equilibrium ”’ mixture 
of methane and hydrogen. 

[ Received, February 9th, 1929.) 





CXLII.—The Constitution of Guareschi’s Cyano-buta- 
diene Acids. An Attempt to Synthesise B-isoPropyl- 
glutaconic Acid. 


By CaaRLEs Stantey Grsson and Jonn LionzeL SIMONSEN. 


THE simplest method for preparing 8-isopropylglutaconic acid (II), 
required for comparison with cis-homocaronic acid (J., 1928, 431), 
would appear to be the hydrolysis of the cyano-acid (II). Accord- 
ing to Guareschi (Mem. Accad. Sci. Torino, 1907, 57, 281) this 
cyano-acid is formed when the ammonium salt (I) is digested with 
sulphuric acid. 


— 
aN 
HG %- CN 


(IV.) 


CN-CH:C(CHMe,)-CH,-CO,H  HO,C-CH:C(CHMe,)-CH,°CO,H 
(II.) (III.) 


On reviewing the properties of this cyano-acid and a number of 
related acids described by Guareschi, it appeared to us unlikely that 
these substances could have the constitution ascribed to them and 
that in all probability they were the isomeric dihydroxypyridines of 
the general formula (IV), i.e., the imides of the glutaconic acids. 
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The properties more especially pointing to this constitution are (i) 
their high melting points, (ii) their sparing solubility in organic 
media, (iii) their colour reactions with ferric chloride and with 
potassium nitrite, and (iv) their tendency to develop a blue colour 
on keeping : all of these are properties which have been shown by 
Rogerson and Thorpe (J., 1905, 87, 1685) to be characteristic of the 
dihydroxypyridines. 

On repeating the condensation of isobutaldehyde and ethyl 
cyanoacetate under the conditions used by Guareschi (Atti R. Accad. 
Sci. Torino, 1902, 38, 290) we had no difficulty in preparing the 
ammonium salt (I) in excellent yield. When this salt was hydrolysed 
with sulphuric acid (60%), and the solution cooled and diluted, a 
small quantity of a crystalline solid, m. p. 273°, separated which 
was evidently 2 : 6-dihydroxry-3-cyano-4-isopropylpyridine (V); on 
removal of the excess of mineral acid with ammonia a substance was 
obtained which had m. p. 213—214° and was undoubtedly 2 : 6- 
dihydroxy-4-isopropyl pyridine (IV, R = CHMe,) and not the isomeric 
acid (II). This was established by the preparation of the hydro- 
chloride, the di-p-nitrobenzoyl derivative, and the oxime. We did 
not obtain a substance of m. p. 177—-178°, which according to 
Guareschi is the m. p. of the cyano-acid. It is probable that 
Guareschi actually obtained a mixture of (IV) and (V), since in our 
preliminary experiments we isolated a low-melting substance 
which crystallised well but was shown by further experiments to 
be a mixture. 

These experiments having shown that Guareschi’s tsopropyleyano- 
acid was a pyridine derivative, it appeared desirable to prepare 
the corresponding methyleyano-acid supposed to be formed by the 
hydrolysis of the condensation product from acetaldehyde and ethyl 
cyanoacetate (Atti R. Accad. Sci. Torino, 1900, 36, 414). The 
properties of the cyano-acid resembled very closely those of the 
2: 6-dihydroxy-4-methylpyridine prepared by Rogerson and 
Thorpe (loc. cit., p. 1689). Repetition of Guareschi’s experiments 
has shown, as was anticipated, the product of the hydrolysis of the 
ammonium salt to be the dihydroxypyridine. This was characterised 
by the preparation of the oxime, m. p. 174°, and the dibenzoyl 
derivative, m. p. 94°. In agreement with Rogerson and Thorpe 
it has been found that both the hydrated and the anhydrous form 
of the dihydroxypyridine melt at the same temperature, 193—194°, 
and not at 199—200° and 225—-227°, respectively, as observed by 
Guareschi. , 

It is to be concluded that the various cyano-acids described by 
Guareschi are in reality dihydroxypyridines, and confirmatory 
evidence of this is afforded by the melting points of the dimethyl- 
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and methylethyl-dihydroxy pyridines and of the isomeric cyano-acids 
prepared by Rogerson and Thorpe (m. p. 175° and 189°) and by 
Guareschi (m. p. 175—176° and 191-5—192°) respectively. 

In an attempt to prepare the glutaconic acid by the removal of 
hydrogen bromide from ethyl «-bromo-8-isopropylglutarate (VI) by 
diethylaniline, the main product of the reaction was the lactonic 
ester (VII), no trace of either an unsaturated or a cyclic ester being 

(VI.) EtO,C-CHBr-CH(CHMe,)-CH,°CO,Et 

(VII.) ON CC ay CeO 

L 0) 

apparently formed. This ester has not been described previously, 
although the levorotatory form of the lactonic acid was obtained 
by Semmler (Ber., 1903, 36, 1749) by the oxidation of phellandrene. 
The constitution of the synthetic lactone (VII) was established by its 
oxidation to isopropylsuccinic acid. In addition to the lactonic 
ester, a quantity of an ester with a much lower boiling point was 
formed by the action of diethylaniline on the bromo-ester. This 
was found to be ethyl isopropylglutarate, simple replacement of the 
bromine by hydrogen having occurred. Although this reaction is 
remarkable, it is not without analogy, since Haerdi and Thorpe 
(J., 1925, 127, 1242) found that when ethyl «-bromo-§-phenyl- 
glutarate was digested with pyridine a similar reaction took place 
with formation of ethyl 8-phenylglutarate. The mechanism of this 
reaction is not clear, but during the treatment of the bromo-ester 
with diethylaniline the formation of a volatile oil, probably ethyl 
bromide, was observed. 

It was hoped to prepare ethyl §-hydroxy-§-isopropylglutarate (i) 
by treatment of ethyl acetonedicarboxylate with the appropriate 
Grignard reagent or (ii) by the condensation of ethyl isobutyryl- 
acetate (Bouveault and Bougert, Bull. Soc. chim., 1902, 27, 1038) 
with ethyl bromoacetate in the presence of zinc. In both cases, 
however, the keto-group reacted in its eriolic form, so rendering the 
experiments nugatory. It is possible that the required glutaconic 
acid could be prepared in poor yield by the method of Rogerson and 
Thorpe (loc. cit.) from ethyl isobutyrylacetate and ethyl cyano- 
acetate, but since the keto-ester can only be prepared with difficulty 
we have not investigated this reaction. 





EXPERIMENTAL, © 
Ammonium Salt of 2 : 6-Dihydroxy-3 : 5-dicyano-4-methylpyridine 
and 2: 6-Dihydroxy-4-methylpyridine.—The ammonium salt was 
prepared by Guareschi’s method (Atti R. Accad. Sci. Torino, 1900, 
36, 454); it crystallised from water in glistening thin prisms 
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(Found: N, 29-4. Calce.: N, 29-2%). The dihydroxypyridine 
was obtained when the ammonium salt was hydrolysed with sulphuric 
acid (60°), and separated from the aqueous solution after removal 
of the excess of mineral acid with ammonia. It crystallised from 
hot water, in which it was somewhat readily soluble, in small 
glistening prisms, m. p. 193—194°, containing one molecule of water 
- of crystallisation, which was lost at 110° without alteration of the 
melting point. It was not found possible to raise the m. p. to 
199—200° as found by Guareschi, but in other respects our substance 
resembled in all particulars the cyano-acid described by him. It 
reacted as a monobasic acid, gave with ferric chloride a violet 
coloration, reduced an ammoniacal silver solution, and in alkaline © 
solution became blue on exposure to the air (Found: H,O, 12-9; 
N, 11-3; M, 125-7. Cale. : H,O, 12-6; N, 11-2% ; M, 125). Roger- 
son and Thorpe found that 2 : 6-dihydroxy-4-methylpyridine had 
similar properties, and the identity of the two substances was con- 
firmed by the preparation of the oxime, small yellow prisms, decomp. 
174—175° (R. and T. give 178°), and the dibenzoyl derivative, 
m. p. 94°. 

Ammonium Salt of 2 : 6-Dthydroxy-3 : 5-dicyano-4-isopropylpyri- 
dine and 2 : 6-Dihydroxy-4-isopropylpyridine.—The ammonium salt, 
prepared as described by Guareschi (Atti R. Accad. Sci. Torino, 1902, 
38, 290), crystallised from hot water, in which it was sparingly 
soluble, in glistening prisms which did not melt below 295° (Found : 
N, 25-2. Cale. : N, 25-5%). 

Preliminary experiments having shown that on hydrolysis with 
sulphuric acid (60%) a mixture of products was formed, the following 
conditions were found most convenient for their separation. A 
mixture of the ammonium salt (5 g.) and sulphuric acid (60% by 
weight ; 90 ¢.c.) was boiled under reflux until all evolution of carbon 
dioxide had ceased (1-5 hours). The cooled product was mixed 
with water (25 c.c.), and ammonia added until a precipitate just 
began to form. After remaining in the ice-chest for some hours, 
the solid, A (0-25 g.), was collected, and the filtrate treated with 
ammonia until it was faintly acid to Congo-red. A voluminous 
precipitate, B (2°8 g.), separated and was collected. The filtrate 
was evaporated to dryness on the water-bath and the residual salts 
were extracted with alcohol, which on evaporation gave a third 
fraction, C (0-5 g.). 

Fraction A, m. p. about 248°, crystallised from water in long 
glistening needles. 2 : 6-Dihydroxy-3-cyano-4-isopropyl pyridine was 
found to be very sparingly soluble in water, readily soluble in alcohol, 
but insoluble in the ordinary organic media. From water it 
crystallised with one molecule of water of crystallisation, which it 

PP 
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lost at 110° and then had m. p. 273°. With ferric chloride in aqueous 
solution it gave a deep purple coloration which became cherry-red 
on warming. It reduced an ammoniacal silver solution on warming 
and was readily soluble in alkalis, behaving on titration as a mono- 
basic acid. On keeping, alkaline solutions of the hydroxy-pyridine 
developed a purple colour (Found : H,O, 9-4; N, 16-0; M, 180-3. 
C,H ,,0,N,,H,0 requires H,O, 9-2%. CyH,,0,N, requires N, 15-7°% ; 
M, 178). 

Fraction B, m. p. 211°, crystallised from water, in which it was 
very sparingly soluble, in soft needles, m. p. 213—214°. 2 : 6-Di- 
hydroxy-3-isopropylpyridine is very sparingly soluble in all the 
ordinary organic solvents with the exception of methyl and ethyl 
alcohols. With ferric chloride its aqueous solution gives a purple 
coloration which disappears on warming. It reduces an ammoniacal 
silver solution and behaves on titration as a monobasic acid, the 
alkaline solution becoming purple on keeping (Found: N, 9-0; 
M, 1535. C,H,,0O,N requires N, 9-2%; M, 153). The hydro. 
chloride crystallised from concentrated hydrochloric acid in glistening 
plates (Found: HCl, 18-9. C,H,,0,N,HCl requires HCl, 19-3%). 
The benzoyl derivative was a gum, but the di-p-nitrobenzoyl deriv- 
ative crystallised from acetic acid in glistening slender needles, m. p. 










































200-—201° (Found: N, 9-5. C,,H,,0O,N, requires N, 9-3%). The 
oxime was slowly deposited when an alkaline solution of the pyridine 
containing an excess of sodium nitrite was treated with acetic acid. 
It crystallised from alcohol in pale yellow leaflets, m. p. 123—124° 
(Found : N, 15-2. C,H,,0,N, requires N, 15-4%). It dissolved in I 
sodium carbonate, yielding a magenta-red solution. 
Fraction C melted indefinitely at about 190°. On digestion with C 
a large volume of acetone a very sparingly soluble portion remained ” 
undissolved ; this crystallised from water in needles, m. p. 265— 
270°, and was identified as the dihydroxycyanopyridine. The - 
portion soluble in acetone gave after repeated crystallisation from : . 
water a further small quantity of the dihydroxypyridine. y 
Bromination of 8-isoPropylglutaryl Chloride. Ethyl «-Bromo-s- § 1! 
isopropylglutarate.—8-isoPropylglutaric acid (30 g.) was mixed with ” 
phosphorus pentachloride (37 g.) and after the formation of the of 
acid chloride was complete, dry bromine (28-6 g.) was gradually sod 
added, the mixture being gently warmed on the water-bath. an 
Absorption of the bromine was complete in 4 hours. The acid sole 
chloride was poured into well-cooled alcohol and the next day ice _ 
was added. The heavy oil thus precipitated was dissolved in ether, reg 
and the ethereal solution well washed with sodium carbonate solu- JB °"S 
tion, dried, and evaporated. On fractionation under 28 mm., ss 






practically the whole of the residue distilled at 170—-180° with 
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slight decomposition (yield, 41 g.). For analysis the bromo-ester 
was redistilled, b. p. 178°/30 mm. (Found: Br, 22-9. C,,H,,0,Br 
requires Br, 25-9°%). 

Action of Diethylaniline on Ethyl «-Bromo-8-isopropylglutarate.— 
The bromo-ester (40 g.) was mixed with freshly distilled diethyl- 
aniline (60 g.) and heated at 190—200° for 8 hours. The cooled 
solution was poured into an excess of dilute hydrochloric acid 
(1: 1), the ester extracted with ether, and the ethereal extract well 
washed with dilute hydrochloric acid to remove diethylaniline, dried 
and evaporated. On fractionation under 20 mm., the residual oil 
was readily separated into two main fractions, (a) b. p. 150—160° 
(10 g.) and (6) b. p. 165—180° (12 g.). On redistillation, (a) boiled 
very constantly at 154—155°/21 mm., and (6b) boiled mainly at 
170—180°/25mm. In asecond experiment using 52 g. of the bromo- 
ester from a different preparation an identical result was obtained, 
the two fractions being respectively 14 and 16 g. 

Fraction (a), which contained a trace of bromine and therefore 
was not analysed, was hydrolysed with methyl-alcoholic potassium 
hydroxide solution; the acid, isolated by means of ether in the 
usual manner, crystallised almost completely on removal of the 
solvent. It was purified through the sparingly soluble calcium salt, 
and after crystallisation from benzene it had m. p. 101—102°. It 
was identified as B-isopropylglutaric acid by the method of mixed 
m. p., by analysis (Found: C, 55-5; H, 8-1. Cale.: C, 55-1; 
H, 8-0%), and by the preparation of the semianilide, m. p. 121°. 
It was observed, contrary to the statement in Beilstein’s “‘ Organische 
Chemie ” (II, 703), that the acid is somewhat sparingly soluble in 
cold benzene but readily soluble in chloroform. 

The filtrate from the sparingly soluble calcium salt yielded a 
small quantity of a liquid acid, which was added to fraction (6). 
Fraction (6) was hydrolysed with methyl-alcoholic potassium 
hydroxide solution, a sparingly soluble potassium salt separating. 
The acid, isolated by ether, was an oil which showed no tendency 
to crystallise. On treatment with acetyl chloride a small quantity 
of an anhydride was formed, which was separated by means of 
sodium bicarbonate solution and identified as 8-isopropylglutaric 
anhydride. The liquid acid, recovered from the sodium bicarbonate 
solution, was esterified with alcohol and sulphuric acid in the usual 
manner. The resulting ester had b. p. 178°/26 mm., n° 1-4466, and 
analysis showed it to be the ethyl ester of the lactone of dl-«-hydroxy- 
S-isopropylglutaric acid (Found: C, 60:3; H, 8-4. Cj, H,,0, 
requires C, 60-0; H, 8-0%). 

The lactonic acid obtained from the ester by hydrolysis was a 
colourless viscid oil and showed no tendency to crystallise. It was 
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extremely readily soluble in all the ordinary organic solvents with 
the exception of light petroleum and gave a sparingly soluble 
copper salt on treatment of its aqueous solution with copper acetate. 
Its composition was confirmed by titration (Found: M, 171-1, 189. 
C,H,,0, requires M, 172. C,H,,0, requires M, 190). The lactonic 
acid, which was only slowly attacked by potassium permanganate in 
alkaline solution, was oxidised by lead peroxide in the presence of 
sulphuric acid, dl-isopropylsuccinic acid being formed. This had 
m. p. 115—116° after crystallisation from benzene, and the m. p. 
was not depressed by admixture with an authentic specimen of this 
acid for which we are indebted to Dr. Henry. 


We are grateful to Dr. J. D. A, Johnson for his valuable assistance 
in connexion with the analytical portion of this work and we desire 
to express our indebtedness to the Government Grant Committee of 
the Royal Society for a grant which has covered most of the expenses 
of this investigation. 

Guy’s Hosprrat Mepicat Scnoon (Untversiry or Lonpon), 

Lonpon, 8.E. 1. [Received, March 7th, 1929.] 





CXLITI.—10-Chloro-5 : 10-dihydrophenarsazine and its 
Derivatives.. Part VIII. The Bromination of 
10-Chloro-5 : 10-dihydrophenarsazine and Some of 
tts Derivatives. 


By Lestre ALDERMAN ELson, CHARLES STANLEY GIBSON, and 
JoHN DoBNEY ANDREW JOHNSON. 


2:10-Dicutoro-, 1 (or 3): 10-dichloro-, and 2:8 : 10-trichloro- 
5 : 10-dihydrophenarsazines have been prepared by the condensation 
of the appropriate halogenated diphenylamine and arsenious 
chloride in o-dichlorobenzene solution (J., 1926, 2246). An attempt 
to prepare 2:4:6:8: 10-pentachloro-5 : 10-dihydrophenarsazine 
by condensing arsenious chloride with 2:4: 2’: 4’ : tetrachloro- 
diphenylamine was, however, unsuccessful (Joc. cit., p. 2243, footnote). 
Three explanations of the latter observation may be advanced, viz., 
(a) that the formation of the additive compound of the substituted 
diphenylamine and arsenious chloride which -has been assumed to 
precede the formation of the phenarsazine derivative (J., 1926, 454; 
1928, 2208) might be inhibited if the basicity of the -NH group were 
diminished by negative substituents in the diphenylamine nucleus, 
(b) the steric effect of the oo’-chlorine atoms might prevent the 
formation of this additive compound, and (c) the pentachloro-5:10-di- 
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hydrophenarsazine might be too unstable to exist. The fact that 
o-, m-, and p-nitrodiphenylamines do not condense with arsenious 
chloride (loc. cit., footnote) seems to support (@), but, on the other 
hand, the more basic o-aminodiphenylamine also does not condense 
with arsenious chloride.. That the steric effect mentioned in (6) can 
have little effect on this reaction would appear to be proved by the 
facts that phenyl-«-naphthylamine (Lewis and Hamilton, J. Amer. 
Chem, Soc., 1921, 43, 2218) and di-«-naphthylamine (J., 1926, 463) 
condense readily with arsenious chloride. 

In order to test the third explanation it seemed desirable to 
ascertain whether halogenated: derivatives of 10-chloro-5 : 10-di- 
hydrophenarsazine and related compounds can be obtained by 
direct halogenation and, for this purpose, we have studied the 
bromination of some typical compounds of this series. 

10-Chloro-5 : 10-dihydrophenarsazine in hot glacial acetic acid 
solution (it is not very soluble in the cold) was treated with bromine 
(4 mols.), and a colourless well-defined crystalline substance isolated 
from the cooled solution. Since the nitration of 10-chloro-5 : 10-di- 
hydrophenarsazine produces the 2- and 4-mononitro-derivatives 
(Wieland and Rheinheimer, Annalen, 1921, 423, 1; Gibson and 
Johnson, J., 1927, 2515), it was anticipated that the fully brominated 
product would be 10-chloro-2 : 4 : 6 : 8 -tetrabromo-5 : 10-dihydro- 
phenarsazine (I); but the colourless product isolated was arsenic- 
free and analysis showed it to be tetrabromodiphenylamine. It was 


AsCl 
Br Nr Br, (* 
(I.) A) , a) (II.) 
Br ‘NH’ ¥, 


Br NH Br 


identical with the tetrabromodiphenylamine obtained by brominat- 
ing diphenylamine under the same conditions. Although the exact 
constitution of this tetrabromodiphenylamine has not been deter- 
mined, there can be little doubt from analogy with the well-known 
tetrachlorodiphenylamine recently synthesised by Chapman (this 
vol., p. 570) that it is 2:4: 2’ : 4’-tetrabromodiphenylamine (II). 
Bromination of 10-bromo-5 : 10-dihydrophenarsazine gave the same 
product. 

Under the conditions of the experiment, only four molecular 
proportions of bromine react with 10-chloro (or bromo)-5: 10-dihydro- 
phenarsazine and only tetrabromodiphenylamine and not hexa- 
bromodiphenylamine is isolated, although the latter compound is 
obtained when diphenylamine is brominated (in more dilute solution) 
with six molecular proportions of bromine, tetrabromodiphenylamine 
being much less soluble than the hexabromo-compound. In view 
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of this, it was at first thought that the formation of tetrabromo- 
diphenylamine was the result of the reaction (i) : 


Br AsBr r Br r 
(i) + 2HBr—> + AsBr, 
Br NH r r NH Br 


This was investigated more closely by carrying out the bromin- 
ation in acetic acid solution containing an excess of sodium acetate : 
tetrabromodiphenylamine was still the only isolable product. 
When the bromination was carried out in cold o-dichlorobenzene 
solution and also in cold carbon tetrachloride solution, hydrogen 
bromide was evolved as before and a red microcrystalline solid 
separated in each case. This red substance itself could not be 
investigated, since it slowly gaveoff bromine and white fumes, leaving 
a yellow crystalline solid which proved to be slightly impure tetra- 
bromodiphenylamine. The red substance had the properties of an 
arsenic perbromide, and, in spite of the probable instability of such 
a compound at the temperature of boiling acetic acid, the transitory 
existence of such a substance in the bromination as carried out in 
the present work may well be assumed. In this case the formation 
of tetrabromodiphenylamine is explained as follows : 


Br Br, Br 


As 
/AsBr 4Br, B r Br rB r+ 
\ —_ —_ AsBr, 
NH NH fi 


in this scheme hydrogen bromide is not represented as taking part in 
the production of the tetrabromodiphenylamine. When only two 
molecular proportions of bromine were used for the bromination of 
one molecular proportion of 10-bromo-5 : 10-dihydrophenarsazine, 
the product contained tetrabromodiphenylamine and unchanged 
initial material. 

The behaviour towards bromine of some six homologues of 
10-chloro-5 : 10-dihydrophenarsazine in acetic acid solution has also 
been studied and, in each case, dearsenication of the compound took 
place with the production of a tetrabromodiphenylamine homologue. 
The constitution of these bromodiphenylamines is not clear, but the 
substances, whatever their constitution may be, are identical with 
the direct bromination products of the diphenylamines as far as we 
have been able to investigate them. 

When phenarsazinic acid was submitted to the action of bromine 
in hot acetic acid solution, comparatively little hydrogen bromide 
was evolved, the hot solution acquiring a permanent yellow colour. 
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As far as the experimental conditions allowed them to be determined, 
three molecular proportions appeared to be the amount required 
for each molecular proportion of the acid. The main product of this 
reaction was the tetrabromodiphenylamine already mentioned, 
2:4:6:8:10- pentabromo - 5 : 10 - dihydrophenarsazine being 
obtained in smaller quantity, and 2 : 4 : 6 : 8-tetrabromophenarsazinic 
acid (there seems every reason for assuming these constitutions) in 
still less quantity. It is suggested that the formation of the penta- 
bromodihydrophenarsazine is ret by equation (ii). This 


0. /OH 


0. OH 
aa 
@: C)+ 44>? OG OE alas 
ee > + HBr + Br, + 2H,0 


or (ii) 
wr /OH 


AsBr B 
+ 3Br, —> B "4+ HBr+2H,0 


reaction involves hydrogen Wes acting as a si ialia agent ; 
another example of this has already been indicated (this vol., p. 782) ; 
3-nitro-o-tolylarsinic acid when boiled in a concentrated solution of 
hydrogen bromide oxidises the latter to bromine. The stability 
of the pentabromodihydrophenarsazine towards hydrogen bromide 
(although an aqueous solution was used) and acetic acid may be 
regarded as evidence against hydrogen bromide playing a part in 
the production of tetrabromodiphenylamine as was first suggested. 


Nn, /OH 


(iii) oa 2¢ + 7Br, —> 
Oromnemean 
wn’ YY 3,0 4 3HBr 


It is suggested that the imine of tetrabromodiphenylamine 
and in less quantity of tetrabromophenarsazinic acid is represented 
by equation (iii), which summarises reactions consisting of (a) 
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bromination of phenarsazinic acid to a dibromophenarsazinic acid, 
(6) reduction of part of the latter to tribromo-5 : 10-dihydro. 
phenarsazine, (c) the action of bromine on this, yielding tetrabromo. 
diphenylamine and arsenious bromide, and (d) further bromination 
of part of the dibromophenarsazinic acid to tetrabromophenarsa- 
zinic acid. Actually this equation does not represent the final stage, 
because there is still the probability of the hydrogen bromide and 
the tetrabromophenarsazinic acid reacting to produce 2 :4.:6:8 : 10- 
pentabromo-5 : 10-dihydrophenarsazine and bromine by reduction, 
and the action of this bromine on the original compound, so that the 
relative amount of tetrabromodiphenylamine will be greater than 
that indicated. This explanation of the reactions taking place is in 
substantial agreement with the experimental results. 
2:4:6:8:10-Pentabromo-5 : 10-dihydrophenarsazine is readily 
oxidised by hydrogen peroxide to 2:4: 6: 8-tetrabromophen- 
arsazinic acid. This also is a stable substance and identical with 
that isolated in small quantity from the mixture of products of the 
action of bromine on phenarsazinic acid in hot acetic acid solution. 

Direct halogenation of aromatic arsenical compounds frequently 
leads to dearsenication, and the action of potassium iodide and 
dilute sulphuric acid has been used in orienting these substances, the 
arsenic group being replaced by an iodine atom. On the other hand, 
Michaelis (Annalen, 1902, 320, 334) has shown that 2 : 4-dimethyl- 
phenyldichloroarsine. when chlorinated in aqueous suspension yields 
a mono- and a di-chloro-2 : 4-dimethylphenylarsinic acid; Bertheim 
(Ber., 1910, 43, 531) also showed that acetyl-p-arsanilic acid and 
p-arsanilic acid can be directly halogenated, and Fisher and Raiziss 
(J. Amer. Chem. Soc., 1929, 51, 529) have brominated 3-nitro- 
4-hydroxyphenylarsinic acid. 

It would appear from the present work that bromination of 
compounds of the phenarsazine type (which may be considered to 
be derivatives of o-aminophenylarsinic acid) is accompanied by 
dearsenication, bromine replacing the arsenic group. The reaction 
belongs, therefore, to the same class as that of the action of halogens 
on aromatic compounds generally, causing a direct replacement of 
a substituting group. The production of 2: 4: 6-tribromoaniline 
by the action of bromine on sulphanilic acid (Heinrichen, Annalen, 
1889, 253, 268) has long been known and a summary of the more 
important typical examples of bromine replacement has been given 
by Sudborough and Lakhumalani (J. Ind. Inst. Sci., 1914—1918, 


I, 133). 
EXPERIMENTAL. 


Bromination of 10-Chloro-5 : 10-dihydrophenarsazine.—A_ boiling 
solution of 10-chloro-5 : 10-dihydrophenarsazine (5-55 g.) in glacial 
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acetic acid (222 ¢.c.) was treated with bromine (4 c.c.; 4 mols:) drop 
by drop. The colour of the bromine was immediately discharged 
and hydrogen bromide evolved in considerable quantity. The 
liquid was boiled for some time to drive off as much as possible of 
the hydrogen bromide. Even while hot, colourless needles began to 
separate, and these almost filled the cold solution. The solid product 
after recrystallisation from glacial acetic acid (charcoal) had m. p. 
186° (Found : Br, 65-1. Cale.: Br, 66-0%) and was identical with 
the tetrabromodiphenylamine, m. p. 186°, obtained from diphenyl- 
amine (42 g.), boiling glacial acetic acid (300 c.c.), and bromine 
(5 c.c.; 4 mols.) under the same conditions. 

Hexabromodiphenylamine was prepared by treating diphenylamine 
(16-9 g.) in boiling acetic acid (1183 ¢.c., this large volume being 
necessary on account of the sparing solubility of tetrabromodiphenyl- 
amine) with bromine (30 c.c.; 6 mols., the last 2 mols. of which were 
less rapidly absorbed). The greenish crystalline product which 
separated on cooling was twice crystallised from benzene (charcoal) 
and obtained in colourless prisms, m. p. 221—222° (Gnehm, Ber., 
1875, 8, 926, gives m. p. 218°). The melting points of this and some 
of the other brominated diphenylamines described in this com- 
munication are not very sharp; softening taking place before the 
substances actually melt. 

Bromination of 10-Bromo-5 : 10-dihydrophenarsazine.—10-Bromo- 
5: 10-dihydrophenarsazine (10 g.) in acetic acid (250 c.c.) was 
treated with bromine (6-2 c.c.; 4 mols.) under exactly similar 
conditions. More bromine than the above was not absorbed and 
was simply expelled with hydrogen bromide from the boiling 
solution. The product was identical with the tetrabromodiphenyl- 
amine described above (Found : Br, 66-7%). 

Bromination of 10-Chloro-2 : 8-dimethyl-5 : 10-dihydrophenarsazine. 
—The quantities used were: chloro-compound (6-11 g.), glacial 
acetic acid (420 c.c.), bromine (4 ¢.c.; 4 mols.), and the reaction was 
carried out in the same manner. The first half of the bromine 
reacted more readily than the second half. The greater part of the 
solvent was distilled off, and the product recrystallised from acetic 
acid. To obtain it colourless and free from the merest trace of 
arsenic it was necessary to add a few drops of hydrogen peroxide to 
the acetic acid; experience has shown that,the yellow colour was 
probably due to a small quantity of the intermediate bromo-com- 
pound of the chloro-phenarsazine which had escaped the action 
of further bromine. - The product crystallised in colourless flat 
plates, m. p. 161—162° (Found: Br, 61-4. Cale.: Br, 62:3%). 
Although the melting point of the compound was somewhat low, it 
did not depress the melting point (166°) of the product obtained when 

PP2 
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di-p-tolylamine (3-94 g.) in acetic acid (78 c.c.) was treated with 
bromine (4 c.c. ; 4 mols.) under similar conditions, which undoubtedly 
was tetrabromodi-p-tolylamine (Found: Br, 61-6%) (Ber., 1880, 
43, 1545). 

Bromination of 7-Chloro-12 : 7-dihydrobenzophenarsazine.—The 
chloro-compound (13 g.), dissolved in boiling acetic acid (786 c.c.), 
was treated with bromine (8 c.c.; 4 mols.), and the product worked 
up in the usual manner. The tetrabromophenyl-«-naphthylamine 
obtained formed colourless needles, m. p. 150° (Found: Br, 59-8. 
C,,H,,NBr, requires Br, 59-8%), and was identical with the product 
obtained by treating phenyl-«-naphthylamine (4-38 g.) in boiling 
acetic acid solution (220 c.c.) with bromine (4 c.c.; 4 mols.). 

Bromination of 12-Chloro-7 : 12-dihydrobenzophenarsazine.—This 
chloro-compound (6-5 g.) was dissolved as far as possible in boiling 
acetic acid (650 c.c.) and treated with bromine (4 c.c.; 4 mols.) in 
the usual manner. The colourless silky needles which separated 
had m. p. 205°, and this remained unchanged when the substance 
was recrystallised from acetic acid and then three times from 
benzene. Several specimens were analysed (Found: Br, 56-0, 
57-7, 56-4, 55-5, 56-7, 56-45. Calc. for tetrabromophenyl-8-naphthy]l- 
amine: Br, 59-8%. Calc. for tribromophenyl-$-naphthylamine : 
Br, 52-6%). The product was free from arsenic. A tetrabromo- 
phenyl-8-naphthylamine, m. p. 202—203°, has been described by 
Zincke and Lawson (Ber., 1887, 20, 1170). 

Bromination of 7-Chloro-9-methyl-7 : 12-dihydrobenzophenarsazine. 
—The chloro-compound (6-85 g.), dissolved in boiling acetic acid 
(544 c.c.), readily absorbed bromine (4 c.c.; 4 mols.). The resulting 
solution deposited pale brown plates. This product was recrystal- 
lised from acetic acid and, although the final product was free from 
arsenic, it still retained a small amount of colour. It had m. p. 
167—170° (Found: Br, 57-8. Calc.: Br, 58-25%), and was identical 
with the tetrabromo-p-tolyl-«-naphthylamine obtained by treating 
p-tolyl-«-naphthylamine (4-66 g.) in boiling acetic acid solution 
(150 c.c.) with bromine (4 c.c.; 4 mols.) (J. pr. Chem., 1901, 64, 
510). 

Bromination of 12-Chloro-10-methyl-7 : 12-dihydrobenzophenarsa- 
zine.—The tetrabromo-p-tolyl-8-naphthylamine which crystallised 
from the solution obtained by adding bromine (4 c.c.; 4 mols.) to 
the chloro-compound (6-85 g.) in boiling acetic acid (500 c.c.) was 
isolated in colourless silky needles, m. p. 165° (Found: Br, 58-6. 
Cale.: Br, 58-25%). It was identical with the tetrabromo-p-toly]- 
8-naphthylamine obtained by brominating p-tolyl-8-naphthylamine 
as described for the isomeric substance (compare Friedlander, Ber., 
1883, 16, 2078; bromination in carbon disulphide solution). 
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Bromination of 10-Chloro-5 : 10-dihydrophenarsazine in o-Dichloro- 
benzene and in Carbon Tetrachloride at the Ordinary Temperature. — 
When the chloro-compound (2-0 g. in 200 c.c. of o-dichlorobenzene 
or 1-4 g. in 300 c.c. of carbon tetrachloride) was treated with bromine 
(1-44 c.c. and 1 c.c., respectively; 4 mols.), hydrogen bromide was 
evolved and a red crystalline material separated. This was filtered 
off and washed with the solvent. On exposure to air, it lost 
bromine and left a yellow solid, from which, after recrystallisation 
from acetic acid or from acetone, only tetrabromodiphenylamine 
was obtained. 

After 2 : 4 : 2’ : 4'( ?)-Tetrabromodiphenylamine (9-7 g.), arsenious 
chloride (7-3 g.), and o-dichlorobenzene (25 c.c.) had been boiled for 
14 hours, only unchanged materials were isolated. 

Bromination of 10-Bromo-5 : 10-dihydrophenarsazine in Presence 
of Sodium Acetate—The bromo-compound (2-0 g.) together with 
fused sodium acetate (5-0 g.) was dissolved in boiling acetic acid 
(50 c.c.), and the mixture treated with bromine (1-24 c.c.; 4 mols.). 
No hydrogen bromide was evolved, but crystalline material (in- 
organic) separated. The hot filtrate from this deposited tetrabromo- 
diphenylamine (m. p. 186°) on cooling. 

Bromination of Phenarsazinic Acid: Isolation of 2:4:6:8:10- 
Pentabromo-5 : 10-dihydrophenarsazine.—The following description 
is typical of several experiments. Phenarsazinic acid (11 g.) in 
boiling acetic acid (350 c.c.) was treated slowly with bromine 
(6c.c.; 3 mols.). The bromine was decolourised, the liquid became 
yellow, and only a small quantity of hydrogen bromide was evolved. 
At the same time a yellow crystalline solid began to separate and 
after the addition of the bromine was completed it was separated 
from the boiling solution. The filtrate deposited tetrabromo- 
diphenylamine in long needles on cooling. The yellow solid was 
repeatedly extracted with boiling acetic acid, in which it was only 
sparingly soluble, and so obtained free from tetrabromodiphenyl- 
amine. Finally it was recrystallised from benzene, in which also 
it was sparingly soluble, but more soluble than in acetic acid. 

2:4:6:8:10-Pentabromo-5 : 10-dihydrophenarsazine (the yield 
varied from 2-5 to rather more than 4 g. in different experiments) 
was thus obtained in yellow needles, m. p. 275° (Found: C, 23-1; 
H, 1-0; N, 2:3; Br, 62-6, 62-6; As, 11-7, 11-6.* C,,H;NBr;As 

* Owing to the possibility of loss of volatile arsenic halide during the 
estimation of arsenic in this compound of high bromine content by the ordinary 
method, the determination of arsenic (and of bromine) was carried out as 
follows: The substance (about 0-6 g.) was heated in a sealed tube at 200— 
255° with fuming nitric acid (2 c.c.) and silver nitrate (about 1 g.) for 7 hours. 
The diluted contents of the tube were washed through a Gooch crucible, the 
silver halide was collected and weighed, and the filtrate and washings were 
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requires C, 22-6; H, 0-8; N, 2:2; Br, 62-7; As, 11-8%). The 
compound is not affected when boiled with a mixture of concen- 
trated hydrobromic acid and acetic acid, and does not appear to be 
acted upon by bromine in acetic acid solution. 

During the crystallisation of the pentabromo-compound from 
benzene, a colourless substance remained undissolved. It was 
obtained only in small quantity and proved to be 2: 4:6: 8-tetra- 
bromophenarsazinic acid, described below. 

2:4:6:8-Tetrabromophenarsazinic Acid.—The preceding sub. 
stance (2-0 g.) in acetic acid (160 c.c.) was treated with hydrogen 
peroxide (20 vols.; 14 ¢.c:), and the mixture heated to boiling. 
Bromine was evolved and the yellow colour of the solid disappeared. 
Water (200 c.c.) was added and the mixture allowed to cool. The 
solid was filtered off and dissolved in boiling very dilute aqueous 
sodium hydroxide. The hot filtered solution was mixed with 20% 
aqueous sodium hydroxide until it just remained clear at the boiling 
point. On cooling, sodium 2:4: 6: 8-tetrabromophenarsazinate 
crystallised in colourless soft plates. It was dissolved in water, and 
the free acid precipitated as a somewhat gelatinous mass by the 
addition of hydrochloric acid: The acid crystallised from 90°, 
acetic acid in colourless needles which began to decompose at about 
294° (Found : Br, 54-2. C,,H,O,NBr,As requires Br, 54-1%). 

Guy’s Hosprrat Mepicat Scoot (Untversrry or Lonpon), 

Lonpon, 8.E. lk. [Received, March 26th, 1929.] 





CXLIV.—3 : 4-Methylenedioxyphenylarsinie Acid. 
By Ismporze ELKANAH BALABAN, 


THE only available method for the preparation of 3 : 4-dihydroxy- 
phenylarsinic acid is described in D.R.-P. 271892, the yield being 
extremely poor; Fargher (J., 1920, 117, 865) also found the method 
unsatisfactory, and attempted to obtain the acid by demethylation 
of 3 : 4-dimethoxyphenylarsinic acid. The desirability of preparing 
the acid and some of its derivatives and examining them for trypano- 
cidal action led the author to investigate various modes of synthesis. 


concentrated to about 20 c.c. in a large Kjeldahl flask. After cooling, 6 c.c. 
of concentrated sulphuric acid were added and the liquid was heated until 
free from nitric acid. The liquid was then diluted to about 150 ¢.c. and 
saturated with sulphur dioxide, and the excess of the latter boiled off. 
Slightly more than sufficient dilute hydrochloric acid was added to precipitate 
the excess of silver and then the solution was made just alkaline (phenol- 
phthalein) with sodium hydroxide and thereafter just acid with sulphuric 
acid, and about 3 g. of sodium bicarbonate were added. The solution was 
then titrated against standard iodine (0-1N) with starch as indicator. 
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It has been reported (Balaban, J., 1928, 809) that 4-aminopyro- 
catechol failed to undergo the Bart-Schmidt reaction. The following 
schemes suggested a possible synthesis : 


AsO,H, AsO,H, NH, 


vieg oft abing go 
O-CH, H 
| (II.) (III.) 


AsO,H, NH, 
(iv.) NO» NO (V.) 


<— 
\Z? VP 
O-CH, O-CH, 

4-Aminopyrocatechol methylene ether (I) is most conveniently 
prepared by Hesse’s method (Annalen, 1879, 199, 341), since 
reduction of 4-nitropyrocatechol does not proceed smoothly, and 
the Hofmann reaction with piperonylamide (Rupe and Majewski, 
Ber., 1900, 33, 3403) gives but a poor yield. The ether affords a 
means of obtaining 3: 4-methylenedioxyphenylarsinic acid (II). 
Three methods for opening the methylenedioxy-ring were unsuc- 
cessfully applied to this acid and to its nitro-derivative described 
below, viz., the use of (a) thionyl chloride (Barger, J., 1908, 93, 
563), (6) sulphuric acid in the presence of a phenol (Spaith and 
Quietensky, Ber., 1927, 60, 1882), and (c) anhydrous aluminium 
chloride in chlorobenzene solution (Mauthner, J. pr. Chem., 1928, 
119, 74); though evidence of the formation of a pyrocatechol 

derivative was obtained, no arsinic acid could be isolated. 

The nitro-acid obtained on nitration of (II) is 6-nitro-3 : 4- 
methylenedioxyphenylarsinic acid (IV), for it is identical with the 
nitro-acid prepared from 5-nitro-4-aminopyrocatechol methylene 
ether (V): its production is another instance showing that disub- 
stituted pyrocatechol methylene ethers are 4 : 5-derivatives (compare 
Jones and Robinson, J., 1917, 144, 904). Reduction of the nitro- 
acid gave the corresponding amino-acid. This and other derivatives 
were tested in experimental trypanosomiasis : the results are shown 
in the table below. Unsuccessful attempts were made to prepare 
6-hydroxy-3 : 4-methylenedioxyphenylarsinic acid from the corre- 
sponding amino-acid, and also 4-hydroxypyrocatechol methylene 
ether (briefly mentioned by Malagnini and Armani, Chem.-Zig., 
1907, 884) and 5-nitro-4-hydroxypyrocatechol. methylene ether by 
the usual methods; in the last case a poor yield of 4-nitropyro- 
catechol methylene ether was obtained. 
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4-Nitro-1 : 2-diacetoxybenzene, prepared by acetylation of 4-nitro- 
pyrocatechol, gave on reduction 4-amino-1 : 2-diacetoxybenzene 
(VI; R=CO-CH,). This diazotised normally, and the diazo- 
solution reacted with sodium arsenite in acid solution with the 
evolution of much gas, but no arsinic acid could be isolated. The 
acid solution gave with ferric chloride the green coloration charac- 
teristic of pyrocatechol derivatives. 

4-Nitropyrocatechol dibenzyl ether was reduced to 4-aminopyro- 
catechol dibenzyl ether (VI; R = CH,Ph), but no arsinic acid could 
be obtained from this in numerous experiments. 


Phenylarsinic acids. 
3 : 4-Methylenedioxy- (0) 


i 
6-Amino-3 : 4-methylenedioxy- (i) 
6-Acetamido-3 ; 4-methylenedioxy- (i) 
Arsenobenzenes. 
3:4: 3’: 4’-Dimethylenedioxy- (0) 
6 : 6’-Diamino-3 : 4 : 3’ : 4’-dimethylene- 
dioxy- (0) . 1-0 
(Administration: o = per os, ¢ = intravenous.) 


EXPERIMENTAL. 


3 : 4-Methylenedioxyphenylarsinic Acid (II).—25 G. of 4-amino- 
pyrocatechol methylene ether hydrochloride in 16% hydrochloric 
acid (100 c.c.) at 0° were diazotised with 22-0 c.c. of 10% sodium 
nitrite solution, added to sodium arsenite solution (arsenious oxide, 
18-0 g.; sodium hydroxide, 20-0 g.; water, 200 c.c.), and heated on 
the water-bath. The filtered liquid, after being acidified (Congo-red) 
with concentrated hydrochloric acid, slowly deposited 14-7 g. (yield, 
41-7%) of 3 : 4-methylenedioxyphenylarsinic acid. This acid crystal- 
lises from boiling water, in which it is moderately easily soluble, in 
colourless silky rhomboids containing }H,0, which decompose at 
270° after previous darkening (Found : loss at 100°, 5-1; As, 28-8. 
C,H,0;As,?H,O requires H,O, 5-2; As, 28-9%). It is soluble in 
cold 80% formic acid and moderately easily soluble in glacial acetic 
acid and hot alcohol. The calcium salt forms bunches of fine 
needles, the barium salt is microcrystalline, and the magnesium salt 
is amorphous. The acid is extremely stable towards boiling con- 
centrated hydrochloric acid and 25% sodium hydroxide solution. 
On reduction with sodium hydrosulphite -at 60°, arsenopyrocatechol 
methylene ether (yield, 65°) was obtained as a pale yellow, amorphous, 
insoluble powder (Found: As, 37-5. C,,H,,0,As, requires As, 
38-2%). 

Nitration of 3: 4-Methylenedioxyphenylarsinic Acid.—The acid 
(30-75 g.) was nitrated at 0°, and the solution poured on ice and 
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made just acid to Congo-red with anhydrous sodium carbonate ; 
21-6 g. (yield, 59-5%) of 6-nitro-3 : 4-methylenedioxyphenylarsinic 
acid (IV) were then obtained. The nitro-acid crystallises from 
2N-acetic acid, in which it is moderately easily soluble, in pale 
brown, anhydrous spikes, and from water, in which it is very spar- 
ingly soluble, in short stout prisms, m. p. 231° (decomp.) (Found in 
air-dried material: As, 25-4; N, 5-0. C,H,0,NAs requires As, 
25-7; N, 48%). It is insoluble in alcohol. The magnesium salt 
is amorphous, the calcium salt forms irregular transparent plates, 
and the barium salt is microcrystalline. 

When 5-nitro-4-aminopyrocatechol methylene ether (Jones and 
Robinson, loc. cit.) is submitted to the Bart—Schmidt reaction, the 
above nitro-acid is obtained (yield, 36-9% or, allowance being made 
for recovered initial material, 73-89%). When prepared by this 
method, it crystallises from water in long, bright yellow, rectangular, 
anhydrous prisms, m. p. 228° (decomp.) (Found: As, 25-5; N, 
49%). 

The acid from both sources is very stable towards boiling concen- 
trated hydrochloric acid. When heated with 25% sodium hydroxide 
solution, it gives an intense blood-red solution, from which no 
products have been isolated. When it is heated with 8% sodium 
hydroxide solution for 15 minutes, the same colour is produced, but 
the material obtained now crystallises in diamond-shaped prisms 
and gives no coloration with ferric chloride (whereas the mother- 
liquor gives an intense green), has m. p. 225° (decomp.), and gives on 
analysis the results required for the initial material (compare Jones 
and Robinson). 4-Bromo-5-nitropyrocatechol methylene ether also 
produces the blood-red colour under similar conditions, but again 
no product can be isolated. 

6-Amino-3 : 4-methylenedioxyphenylarsinic Acid.—The nitro-acid 
(18-7 g.) was reduced at 70° with ferrous sulphate (yield, 10-18 g. ; 
60-5%). The amino-acid crystallises from boiling water, in which 
it is moderately easily soluble, in long, colourless, fine, silky, 
anhydrous needles (Found: As, 29-1; N, 5-1. C,H,O;NAs 
requires As, 28-7; N, 5-4%). It is readily soluble in 2N-hydro- 
chloric acid and diazotises normally, is soluble in 80% formic acid 
and moderately easily soluble in acetic acid, but almost insoluble 
in alcohol. The magnesium salt is amorphous and the calcium salt 
forms irregular prisms. 

6 : 6’-Diaminoarsenopyrocatechol methylene ether was prepared by 
reduction of the above acid and obtained as a bright yellow, 
amorphous powder, soluble in hydrochloric acid (Found : As, 33-3. 
C,,H,,0,N,As, requires As, 35-5%). 

6-Acetamido-3 : 4-methylenedioxyphenylarsinic acid was obtained 
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by acetylation in alkaline solution of the corresponding amino-acid, 
and crystallised from 2N-acetic acid in colourless, rectangular, 
anhydrous prisms (Found in different samples: As, 24:5, 24-5; 
N, 4-1, 4:2. C,H,,O,NAs requires As, 24:7; N, 46%). It is 
moderately easily soluble in water, but sparingly soluble in glacial 
acetic acid. The magnesium salt is amorphous. 

4-Nitro-1 : 2-diacetoxybenzene.—A mixture of 4-nitropyrocatechol 
(15-5, g.), acetic anhydride (31 c.c.), and sulphuric acid (2 ¢.c.) was 
heated for 4 hour on the water-bath and poured on ice. The 
product (22 g.; yield, 92°) crystallised from 95°% alcohol (charcoal) 
in colourless rectangular prisms, m. p. 98° (Found: N, 6-0. 
Ci9H,O,N requires N, 5:8%). It is moderately easily soluble in 
boiling water, readily soluble in alcohol, ether, chloroform, benzene, 
and acetone, and readily hydrolysed by cold 2N-sodium hydroxide, 
but only slowly by hot dilute hydrochloric acid. 

4-Amino-1:2-diacetoxybenzene (VI; R= CO-CH;) can be 
obtained by reducing the nitro-compound with iron and water 
(1 drop of acetic acid), but is more conveniently prepared by Bell 
and Kenyon’s method (J., 1926, 954). The nitro-compound (5-0 g.) 
in moist ether (70 c.c.) is treated with aluminium amalgam (1:5 g.), 
and the reaction started by warming on the water-bath. After 
3 hours, the ether, together with washings, is removed and 2:2 g. 
(yield, 41-8%) of product obtained, crystallising from 95% alcohol 
injthick prisms, m. p. 114° (Found: N, 6-6, 6-55. C9H,,0,N 
requires N, 6-7%). It is sparingly soluble in hot water, readily 
soluble in alcohol, acetone, and chloroform, and somewhat less 
soluble in benzene and ether. It dissolves readily in dilute hydro- 
chloric acid and diazotises normally. The N-acetyl derivative 
crystallises from water (moderately easily soluble) in diamond- 
shaped plates, m. p. 144°. 

4-Nitropyrocatechol Dibenzyl Ether.—A mixture of 4-nitropyro- 
catechol (15-5 g.), sodium hydroxide (8 g.), and benzyl chloride 
(26 g.) in absolute alcohol (300 c.c.) was heated for 15 hours on the 
steam-bath, the alcohol removed, and the residue extracted with 
N-sodium hydroxide solution; 16-3 g. (yield, 48-7%) of the dibenzyl 
ether were obtained, which crystallised from 95% alcohol (charcoal) 
in long, fine, colourless needles, m. p. 97° (Found: N, 4-4. 
Cy9H,,0,N requires N,4-2%). Itis very sparingly soluble in alcohol, 
but readily soluble in acetone, benzene, chloroform, and ether, and 
is only slowly hydrolysed to the phenol by concentrated hydro- 
chloric acid. It is unaffected by sodium hydroxide. 

4-Aminopyrocatechol  Dibenzyl Ether (V1; R = CH,Ph).—The 
above nitro-compound can be reduced by West’s method (J., 
1925, 127, 494) or by that of Bell and Kenyon (loc. cit.), the yield 





IRVING: STYRYLPYRYLIUM SALTS. PART XI. 1093 


being about 50% in both eases; the amine crystallises from chloro- 
form in laminz, m. p. 92° (Found: N, 4-8. C, 9H,,0O,N requires 
N, 46%). It is moderately easily soluble in alcohol and readily 
soluble in acetone, benzene, chloroform, and ether. The hydro- 
chloride crystallises from dilute hydrochloric acid, in which it is 
almost insoluble in the cold, in colourless needles, m. p. 197°; the 
solution diazotises normally. The acetyl derivative forms colourless 
rods from alcohol (moderately easily soluble), m. p. 150°. 


The author is indebted to Mr. R. H. Klein, F.1.C., and to Mr. 
J. G. Everett, B.Sc., A.I.C., for the analytical and the biological data 
respectively. 


ResEARcH LABORATORY, Messrs. May & BAxeEr, L1TD., 
Wanpsworts, S.W. 18. [ Received, March 16th, 1929.] 





CXLV.—Styrylpyrylium Salts. Part XII. spiroPyrans 
derived from 9-Methyl- and 9-Ethyl-xanthylium Salis. 


By Francois Irvine. 


It has been shown by Atkinson and Heilbron (J., 1926, 676) that 
the 9-styrylxanthylium salts are strictly analogous in their colour 
reactions to the 2-styrylbenzopyrylium derivatives (Buck and Heil- 
bron, J., 1922, 121, 1198). A study has now been made of the 
condensation of 9-methyl- and 9-ethyl-xanthylium chloride with 
o-hydroxy-aldehydes and of the spiropyrans produced on hydrolysis, 
in order to compare the latter compounds with the benzonaphtha- 
spiropyrans. Dickinson and Heilbron (J., 1927, 1699) have shown 
that only spiropyrans having at least one of the pyran. rings 
attached to a naphthalene nucleus have the power of forming 
coloured ions on the application of heat and, further, that this 
only occurs when this pyran ring is unsubstituted in the 3’-position 
(I). Xantha-8-naphthaspiropyran (II) fulfils the above conditions 
and, as was anticipated, develops a strawberry colour when heated 
in hot diphenyl ether and also when melted; in both cases the 
colour disappears on cooling. On the other hand, 3’-methylxantha- 
8-naphthaspiropyran, which is analogous to 3’-methylbenzo-8- 
naphthaspiropyran, fails to give a colour on heating; benzoxantha- 
spiropyran also remains colourless. 


34 q 
(I.) Kak KD QRS (II.) 
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The xanthylium salts from which these spiropyrans are derived 
are less stable than the corresponding pyrylium compounds; for 
instance, in the condensation of 2-naphthol-l-aldehyde with 9-methy)- 
xanthenol in ethereal solution by means of dry hydrogen chloride a 
mixture of the xanthylium salt and the spiropyran was obtained, 
but with 9-ethylxanthenol, 3’-methylxantha-$-naphthaspiropyran 
alone separated (compare Dickinson, Heilbron, and O’Brien, J., 
1928, 2077). The spiropyrans themselves are reconverted into the 
xanthylium salts only with difficulty; they give xanthylium salt 
colorations, not with glacial acetic acid, but only when trichloro- 
acetic acid is used. 


ExPERIMENTAL. 


Xantha-8-naphthaspiropyran (I1).—To a dry solution of 9-methyl- 
xanthenol prepared from xanthone (10 g.) by Atkinson and Heil- 
bron’s method (loc. cit.), the theoretical quantity of 2-naphthol-1- 
aldehyde (8-5 g.) was added, and a slow stream of hydrogen chloride 
introduced. The yellow solution gradually darkened and an oil 
separated and then redissolved, an intense green solution being 
finally obtained. On standing in the cold for 48 hours a mixture 
of small bronze crystals and larger, faintly coloured prisms crystal- 
lised. These were separated by means of acetone, in which the 
latter product (the spiropyran) was almost insoluble. The acetone 
and ether mother-liquors gave a further quantity of the spiropyran 
on treatment with dilute ammonia until the colour was discharged. 
This substance on recrystallisation from benzene gave small colour- 
less crystals which melted at 201° to a deep red liquid, the colourless 
spiropyran again being formed on solidification. The solution of 
the compound in boiling xylene was colourless, but in boiling vera- 
trole a faint strawberry tinge developed, and by using boiling 
diphenyl ether as solvent a deep strawberry colour, which dis- 
appeared on cooling, was obtained. In cold glacial acetic acid no 
colour was observed, but on boiling, a very faint pink colour, which 
faded on cooling, was produced ; the addition of trichloroacetic acid 
to the solution in glacial acetic acid gave rise to an intense green 
xanthylium salt coloration (Found: C, 86-5; H, 4-7. C,,;H,,0, 
requires C, 86-2; H, 4-6%). 

Benzoxanthaspiropyran.—The theoretical quantity of salicyl- 
aldehyde (6-5 g.) was added to a dry solution of 9-methylxanthenol 
prepared from xanthone (10 g.), and a slow stream of hydrogen 
chloride introduced. A red oil rapidly separated and then redis- 
solved as the solution became saturated, a deep purple solution 
resulting. As no chloride separated after long standing at 0’, 
perchloric acid (9 c.c. of 70%) was added and in a short time large 
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purple needles with a bronze reflex began to appear. After 2 days 
the salt was removed and hydrolysed by means of dilute aqueous 
ammonia in presence of ether. The crude spiropyran obtained on 
evaporation of the ethereal layer was recrystallised several times 
from acetone (charcoal), giving colourless prisms (faintly yellow 
when viewed in bulk), m. p. 154°, sparingly soluble in acetone, alcohol, 
or cold glacial acetic acid (Found: ©, 84-6; H, 4:7. C,,H,,0, 
requires C, 84-6; H, 4-7%). Its solutions in boiling diphenyl ether 
and in boiling dodecahydrosqualene (over 300°) were colourless. 
In hot glacial acetic acid also it gave a colourless solution, but on 
the addition of trichloroacetic acid a purple xanthylium salt color- 
ation was produced. 

3'-Methylxantha-$-naphthaspiropyran.—A solution of xanthone 
(10 g.) in boiling benzene (85 c.c.) was slowly treated with an 
ethereal solution of magnesium ethyl iodide prepared from ethyl 
iodide (28 g.). An orange colour developed immediately and a 
yellow solid was deposited, this dissolving again as more Grignard 
reagent was added. After refluxing for 1} hours, the solvent was 
distilled off and the thick residue decomposed by the addition of 
ice-water. The product (9-ethylxanthenol) was removed by ether 
extraction. After the ethereal solution, which was assumed to 
contain the theoretical amount of product, had been dried, 2-naphthol- 
l-aldehyde (8-5 g.) was added, and the whole saturated with dry 
hydrogen chloride; an oil then separated, redissolving later to a 
solution which was purple when viewed in thin layers and deep red 
in bulk. On standing over-night at 0°, a considerable amount of 
colourless crystalline substance separated which after recrystallis- 
ation from benzene had m. p. 271°. Solutions of this compound in 
boiling diphenyl ether or glacial acetic acid were colourless, but the 
addition of trichloroacetic acid to the latter solution gave an intense 
green coloration (Found: C, 86-1; H, 4:8. C,,H,,0, requires 
C, 86-2; H, 5-0%). 


The author wishes to express his indebtedness to Professor I. M. 
Heilbron, D.S8.0., for valuable advice and encouragement given 
while this research was in progress. 

THE UNIVERSITY, LIVERPOOL. [Received, March 28th, 1929.] 
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CXLVI.—Heterocyclic Systems. containing Selenium. 
Part I. cycloSelenobutane (T etrahydroselenophen). 


By Gupert T. Morcan and Francis HEREWARD BURSTALL. 


In the course of a systematic investigation on cyclic derivatives of 
selenium we have prepared cycloselenobutane (tetrahydroselenophen ; 
formula I) by condensing tetramethylene dibromide and sodium 
selenide, using special precautions to avoid oxidation of the alkali 
selenide. This reaction is applicable to the production of other 
cyclic systems containing selenium, but the present communication 
deals only with a description of cycloselenobutane and its derivatives. 

As a compound containing bivalent selenium, cycloselenobutane 
exhibits considerable residual affinity. It combines additively with 
mercuric chloride and the halogens and with alkyl halides and 
alkylene dihalides. These reactions are summarised in the following 


eorret : 
Gee Se OH,I pe cre es Halogens tee oH H,-CH, Se: 


yn ) f “) ws ideas “IL) 

H,-CH [CH,},Br CH, CH 5, ACHslivg CH,-CH, 

Cason Br > Garoae ge SeSon.cx 
(IV.) by (V.) 

The three crystalline cycloselenobutane 1 : 1-dihalides (II) show a 
decrease in solubility in organic media and a colour gradation 
(colourless—yellow—purple-black) as the atomic weight of the 
halogen increases. The solubility of these dihalides in non-hydrolys- 
ing organic media points to a non-polar character, but in hot water 
the dichloride and dibromide dissolve to give strongly acid solutions 
from which they crystallise unchanged on cooling. These reactions 
suggest a change in the molecular structure of the dissolved dihalides 
on which some light is thrown by the experiments indicated in the 
following diagram : 


ye CH (Br) #4&0 
Ge cu SePtle <— Ot on > Seo Br) a OHO Se< Cb 


(IX.) { * (VI) 4¢.0 | (VII.) 


y 48:0 
CHC H *de@5~ CH, 
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Moist silver oxide with excess of dichloride or dibromide (V1) 
yields a cycloselenibutane 1-hydroxychloride or 1-hydroxybromide 
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(VII). These hydroxyhalides are colourless crystalline salts which 
dissolve freely in water, yielding acid solutions, but are almost 
insoluble in non-hydrolysing solvents. By addition of the appro- 
priate hydrogen halide they are reconverted into dichloride or 
dibromide. 

With excess of silver oxide the foregoing hydroxyhalides. and 
dihalides yield cycloselenibutane 1 : 1-dihydroxide (VIII), a very 
soluble hygroscopic substance which dissolves in water to a 
feebly acid solution (py 6-0 to 6-2) and behaves as an amphoteric 
hydroxide. 

In cold dilute solution combination occurs between molecular 
proportions of the dichloride and platinic chloride so that a simple 
chloroplatinate (IX) is formed which, although sparingly soluble in 
water, dissolves in the ordinary organic media, including the 
alcohols, acetone, benzene, and chloroform. With warm concen- 
trated solutions a more complex chloroplatinate (X) is obtained, 
which is readily soluble in water or alcohol, but insoluble in acetone, 
benzene, and other organic media. 

eycloSelenibutane 1-chloroplatinate (IX) behaves like the non- 
polar cycloselenibutane dihalides in dissolving in non-hydrolys- 
ing organic media, whereas bis-1-chlorocycloselenibutane 1-chloro- 
platinate (X) is evidently a polar compound, dissolving in water and 
corresponding with the hydrolysed forms of the dihalides in aqueous 
solution. 

Water-soluble selenonium salts are produced when cycloseleno- 
butane combines with alkyl halides and alkylene dihalides. With 
methyl iodide cycloselenibutane 1-methiodide is produced, whereas the 
interaction with «3-butylene dibromide proceeds in two stages, giving 
successively 1-8-bromobutyleycloselenibutane 1-bromide (IV) and 
tetramethylene-«5-biscycloselenibutane 1:1'-dibromide (V). These 
selenium salts furnish neutral aqueous or alcoholic solutions, from 
which silver nitrate readily precipitates the halogen ion. 

An alternative method of obtaining cycloselenobutane and its 
derivatives has been devised starting from tetramethylene dibromide 
and potassium selenocyanate, which interact smoothly to yield 
tetramethylene diselenocyanate (XI). Hydrolysis of this substance 
by alcoholic potash or soda, accompanied by aerial oxidation, leads 
to cyclotetramethylene diselenide (cyclodiselenobutane; XII) and 
when heated the diselenide loses half its selenium and passes into 
cycloselenobutane, whereas bromine and the diselenide interact to 
give cycloselenibutane dibromide, ‘the eliminated selenium being 
obtained as such or as its monobromide according to the amount of 
| bromine employed. This conversion of diselenide into cycloseleni- 
butane dibromide is preceded by the intermediate formation of an 
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unstable orange tetrabromide (XIV). The structure of this cyclic 
diselenide is revealed by its quantitative conversion with excess of 
nitric acid into tetramethylenediseleninic acid dinitrate (XIII), a 
substance which is also obtained on heating tetramethylene diseleno- 
cyanate (XI) with the same oxidising agent. 


CHyCHySe-CN XOU+O CH,CHySe _ CHy Hyg, | 
GH,CH,SeCN ~ CH;CH,Se ~ >? GH,CH* © 
(XI.) | 4 (XII.) | 


kK 
H,°CH,"SeO,H,HNO, him prow 5 ei] CH, CHy~ sp 
ecuaemune CH,-CH,-SeBr,} (H,-CH,- ee 
(XIII.) (XIV.) 
We are indebted to Dr. Sugden for his kind assistance in the follow- 
ing determination of the parachor of cycloselenobutane. 
20° 30° 40° 
39-53 38-07 37-14 
1-478 1-463 1-452 
229-3 229-5 229-8 
Calculated 227-3 


These results show that cycloselenobutane is quite normal as regards 
its parachor. 

Literature contains two references to the sulphur analogue of 
cycloselenobutane, which was first obtained by von Braun and 
Triimpler (Ber., 1910, 43, 545) on condensing tetramethylene iodide 
with sodium sulphide. Later Grischkevitsch-Trochimovski (J. Russ. 
Chem. Soc., 1916, 48, 901) repeated the preparation, confirmed the 
boiling point, determined the physical constants, and investigated 
its chemical properties. 

Recent papers by Briscoe and Peel (J., 1928, 1741, 2628) on the 
isolation and description of selenophen furnish data employed in 
the following comparison of the physical constants of the two pairs 
of five-membered heterocyclic rings : 

Physical Thiophen Tetrahydro- 
pro- (Landolt thiophen Selenophen Tetrahydro- 


perties. Bornstein). (G-T.). (B. & P.). selenophen. 
87°/770 mm. 118—119° 110°/752mm. 135—136°/770 mm. 


1-0704;° 0-9607; = 15307)" 1-484" 

1-5298/18° 1-4871/15° 1-568/15° 1-5510/18° 

33-5/0° -— 36-49/15° 40-40/15° 

Hydrogenation of the thiophen ring raises. the boiling point by 

about 30°, and a similar difference (35°) is observed between the 
boiling points of selenophen and its tetrahydro-derivative. These 
regularities are also supported by the boiling point (113—114°) 
recorded for selenophen by Mazza and Solazzo (Rend. Accad. Sci. 
fis. mat. Napoli, 1927, 33, 236). 
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EXPERIMENTAL. 

I. cycloSelenobutane (Tetrahydroselenophen) (1).—«8-Tetramethyl- 
ene glycol was prepared by reducing ethyl] succinate with sodium in 
anhydrous alcohol, the average yield being ca. 50% (compare Miiller, 
Monatsh., 1928, 49, 27), and this glycol was converted into «3-tetra- 
methylene dibromide (b. p. 96°/50 mm.) by interaction with dry 
hydrogen bromide. 

Hydrogen selenide, generated by the action of water on 14-5 g. of 
aluminium selenide, and hydrogen were passed into alcoholic soda 
made from 6-9 g. of sodium, 250 c.c. of alcohol, and 6 c.c. of water. 
Colourless sodium selenide separated and when all the hydrogen 
selenide had been introduced the alcohol was distilled away and cold 
water was added together with 25 g. of «8-tetramethylene dibromide 
(32-5 g. are required by theory, but excess of sodium selenide is 
desirable). 

The mixture was heated at 80° in a current of hydrogen, which 
prevented oxidation and kept the liquid agitated. After 4 hours 
the cycloselenobutane was dissolved in carbon tetrachloride, and this 
extract dried over calcium chloride. Sufficient bromine was then 
added to convert the selenchydrocarbon into dibromide (yield, 75% 
of the theoretical). cycloSelenobutane, regenerated by prolonged 
stirring of the dibromide with water and four times its weight of 
sodium metabisulphite, was dried over calcium chloride and distilled 
under reduced pressure. It was noticed that the selenium compound 
dissolved a considerable amount of sulphur dioxide, which was 
liberated on heating. The final rectification was effected under 
ordinary pressure in a stream of carbon dioxide. cycloSelenobutane 
was thus obtained as a colourless to faintly yellow liquid, b. p. 90— 
91°/172 mm. and 135—136°/770 mm., d'* 1-484: densities at other 
temperatures are given by the expression D{; = 1-5060 — 0-001354t. 
It possessed a very pungent and somewhat unpleasant odour 
(Found: C, 35-3; H, 6-1; Se, 58-2, 58-35. C,H,Se requires C, 
35:5; H, 6-0; Se, 58-55%). 

Although insoluble in water, the selenohydrocarbon was volatile 
in steam or in the vapours of alcohol and ether. It was miscible in 
all proportions with organic solvents. Cold concentrated sulphuric 
acid gave no coloration, but on warming yellow to red tints were 
developed. Although cycloselenobutane was only very slowly 
oxidised in air, hydrogen peroxide promoted oxidation. Aqueous 
permanganate ruptured the ring, as also did fuming nitric acid, 
whereas the moderately concentrated acid gave cycloselenobutane 
1 : ]-dinitrate. 

II. Additive Compounds of cycloSelenobutane.—cycloSelenobutane 
mercurichloride, C,H,Se,HgCl,, crystallised in colourless needles 
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from a warm alcoholic solution of cycloselenobutane and mercuric 
chloride; it melted to an opaque white liquid at 146° (Found: 
Cl, 17-2. C,H,Cl,SeHg requires Cl, 17-4%). 

cycloSelenibutane 1: 1-dichloride (II) erystallised in colourless 
plates when chlorine was passed into a carbon tetrachloride solution 
of cycloselenobutane: it melted at 88—89° (Found: Cl, 34-4. 
C,H,Cl,Se requires Cl, 344%). This dichloride was soluble in 
chloroform, benzene, or acetone; it dissolved sparingly in alcohol 
or hot water to a strongly acid solution from which, on cooling, it 
separated unchanged. 

cycloSelenibutane 1 : 1-dibromide (II), also prepared by direct 
addition of its generators, crystallised from benzene, carbon tetra- 
chloride or hot water in lustrous yellow needles, m. p. 92° (Found : 
C, 16-2; H, 2-7; Br, 54-4; Se, 26-7. C,H,Br,Se requires C, 16-3; 
H, 2-7; Br, 54:2; Se, 26-8%). 

The perbromide, C,H,SeBr,Br,, separated in crimson prismatic 
crystals when concentrated chloroform solutions of bromine and the 
preceding dibromide were mixed. From dilute solutions it was 
obtained in large tabular crystals which, although stable in contact 
with their mother-liquor, decomposed slowly in the air or more 
quickly on heating, leaving a residue of the dibromide. Acetone 
also removed five atomic proportions of bromine from this _per- 
bromide (Found: Br, 79-7. C,H,Br,Se requires Br, 80-5%). 

cycloSelenibutane 1 : 1-di-iodide (II) separated in lustrous purplish- 
black crystals, m. p. 99—100°, when carbon tetrachloride solutions 
of its generators were mixed (Found: I, 65-4. C,H,I,Se requires 
I, 65-25%). This di-iodide is only sparingly soluble in organic 
media and practically insoluble in hot water. 

cycloSelenibutane 1: 1-dihydroxide (VIII) was produced in 
aqueous solution when the corresponding dibromide was treated 
with excess of freshly prepared silver oxide. On evaporation of the 
filtered solution on the water-bath and finally in a vacuum desiccator, 
colourless highly hygroscopic crystals were obtained. This aqueous 
solution was neutral to litmus (pg 6-0—6-2) and addition of aqueous 
hydrogen halide regenerated the corresponding | : 1-dihalide. 

cycloSelenibutane 1-hydroxy-1-bromide (VII). When cycloseleno- 
butane 1 : 1-dibromide was treated with sufficient silver oxide to 
remove only half its bromine or when equimolecular proportions of 
1: 1-dihydroxide and 1:1-dibromide were mixed in aqueous 
solution, this liquid on concentration over sulphuric acid yielded 
colourless crystalline hydroxybromide, which was freed from any 
unchanged dibromide by washing with benzene (Found; C, 20-7; 
H, 3-7; Br, 34:5. C,H,OBrSe requires C, 20-7; H, 3-9; Br, 34-4%). 

This hydroxybromide decomposed slowly on keeping, and on 
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heating decomposition set in at 99—100°; it was almost insoluble 
in non-hydrolytic solvents and its aqueous solution was strongly 
acidic. 

cycloSelenibutane 1-hydroxy-1-chloride (VII), prepared in a similar 
manner to the foregoing hydroxybromide, was a stable crystalline 
compound readily soluble in water to a strongly acid solution; it 
decomposed at 116° (Found: Cl, 18-9. C,H,OCISe requires Cl, 
18:9%). 

cycloSelenibutane 1-chloroplatinate (IX) separated slowly in 
yellow needles from cold dilute aqueous solutions of cycloseleno- 
butane 1: 1-dichloride and chloroplatinie acid; it decomposed at 
230° (Found: Pt, 35-7. C,H,Cl,SePt requires Pt, 35-9%). 

Bis-1-chlorocycloselenibutane  1-chloroplatinate (X).  Platinic 
chloride was added to a warm concentrated solution containing 
excess of cycloselenobutane 1 : 1-dichloride. After further evapor- 
ation and cooling, orange crystals of the complex salt separated 
which after drying were washed with warm acetone to remove any 
unchanged dichloride (Found : Pt, 26-3; Cl, 37:3. C,H,,Cl,Se,Pt 
requires Pt, 26-0; Cl, 37-9%). This complex salt melted and 
decomposed at 179°. 

Ill. Alkyl and Alkylene Salts of cycloSelenobutane.—cycloSeleni- 
butane 1-methiodide (III). On mixing 27 parts of cycloselenobutane 
and 27 parts of methyl iodide heat was generated and the methiodide 
was produced, which crystallised from hot water in colourless 
needles (Found : I, 45-5. O;H,,1Se requires I, 45-8%). . On heating 
in an open tube, this iodide sublimed slowly at about 150°, but in 
a closed tube it melted at 174°. 

1-8-Bromobutylcycloselenibutane 1-bromide (IV). When cyclo- 
selenobutane was left in contact with an excess of «3-tetramethylene 
dibromide, a colourless glassy compound separated in the course of 
a few days. After removal of the excess of tetramethylene di- 
bromide and washing with light petroleum, the residue was dissolved 
in water and the solution evaporated over sulphuric acid. The 
residual gum crystallised slowly; m. p. 65—66° (Found: Br, 45-3. 
C,H,,Br,Se requires Br, 45-5%). 

Tetramethylene-a5-biscycloselenibutane 1: 1'-dibromide (V).. A 
mixture of cycloselenobutane, «3-tetramethylene dibromide, and 
water was heated at 90° in a sealed tube with occasional shaking 
until no more material dissolved in the aqueous layer. This solution 
was then evaporated over sulphuric acid until the complex dibromide 
separated in colourless prisms, which were dried on porous tile in a 
vacuum; m. p. 95—96° (Found: Br, 32-9. C,,H,,Br,Se, requires 
Br, 32-85%). 

IV. Alternative Formations of cycloSelenobutane.—T etramethylene 
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a3-diselenocyanate (XI). Potassium selenocyanate (14-4 g.) and 
10-8 g. of «8-tetramethylene dibromide were heated in acetone 
solution under reflux for several hours. The filtrate from potassium 
bromide was evaporated, and water added to the residue; the 
diselenocyanate then separated as a heavy pale yellow oil which 
slowly solidified (yield, practically quantitative) and was obtained 
in white flakes, m. p. 40°, by crystallisation from aqueous acetone 
(Found : C, 27-25; H, 3-2; Se, 59-5. C,H,N,Se, requires C, 27-0; 
H, 3-0; Se, 59-45%). 

This diselenocyanate, which possessed a penetrating and nauseous 
odour, decomposed slowly on keeping. Although readily soluble in 
the ordinary organic media, it was insoluble in water. 

cycloTetramethylene diselenide (cyclodiselenobutane) (XII). An 
alcoholic solution of 5-0 g. of tetramethylene «3-diselenocyanate was 
added to alcoholic soda made by dissolving 1-5 g. of sodium in 
100 c.c. of alcohol. The yellow liquid was decanted from any 
precipitate and diluted with 400 c.c. of water, and air bubbled 
through it for several hours. The diselenide, which separated as a 
yellow powder, sparingly soluble in alcohol or acetone, was washed 
successively with water and acetone. It dissolved readily in benzene 
or chloroform and separated from the latter solvent as a yellow gum 
which subsequently solidified (Found: C, 22-2; H, 3-8; Se, 73:8. 
C,H,Se, requires C, 22-4; H, 3-8; Se, 73-9%). This diselenide was 
quite stable on keeping and melted to a yellow liquid at 41—42°; 
when strongly heated, it decomposed, giving cycloselenobutane, 
identified by its characteristic odour and by the formation of 
cycloselenibutane 1 : 1-dibromide. 

When the deep red chloroform solution of cyclotetramethylene 
diselenide (1 mol.) and bromine (2 mols.) was allowed to evaporate 
at the ordinary temperature, the residue obtained consisted of 
cycloselenibutane 1: 1-dibromide (m. p. 92°), black elemental 
selenium, and tarry material. The dibromide was extracted with 
carbon tetrachloride. The yield calculated on the resulting di- 
bromide and on selenium recovered was 40% and upwards according 
to the time of evaporation. 

With excess of bromine (4 mols.) an orange precipitate was 
deposited from the chloroform solution which appeared to be cyclo- 
tetramethylene diselenide tetrabromide (XIV) but was so readily 
decomposed that it could not be analysed. The transformation 
to cycloselenibutane 1 : 1-dibromide proceeded as before, but the 
selenium eliminated was obtained as selenium monobromide. The 
yield of dibromide was not appreciably different from that of the 
preceding preparation with less bromine. 
a8-Tetramethylenediseleninic acid dinitrate (XIII) separated in 
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colourless crystals when «é-tetramethylene diselenocyanate or 
cyclotetramethylene diselenide was dissolved in warm nitric acid 
(1 part of concentrated acid : 1 of water) (Found: Se, 38-9. 
C,H,,0,;5N.Se, requires Se, 39-0%). At 136° this complex acid 
decomposed with explosive violence and liberation of selenium. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, April 24th, 1929.] 





CXLVII.—Interaction of Tellurium Tetrachloride and 
Dimethylaniline. 
By Gitpert T. Moraan and Henry Burgess. 


TELLURIUM tetrachloride and dimethylaniline combine in dry 
ethereal solution to form bisdimethylaniline tellurium tetrachloride, 
(C5H;"NMe,).,TeCl,, a compound of similar type to the products 
previously obtained by combination of tellurium tetrabromide and 
various aromatic bases (Lowy and Dunbrook, J. Amer. Chem. Soc., 
1922, 44, 614). 

In the present instance the additive compound is accompanied 
by a small amount of a substitution product, 4 : 4’-tetramethyl- 
diaminodiphenyl telluridichloride, (NMe,°C,H,),TeCl,, which, how- 
ever, is more conveniently obtained by digesting the tetrachloride 
in boiling water, the tellurium migrating into the rings in the para- 
positions with respect to the two nitrogen atoms. This orientation 
of tellurium is disclosed by the action of cold nitrous acid, tellurium 
being eliminated as dioxide and p-nitrosodimethylaniline produced. 

When reduced directly with alkali metabisulphite, the dichloride 
furnishes 4 : 4’-tetramethyldiaminodiphenyl telluride, which is also 
soluble in organic media and is slowly oxidised in the air. 

After the conversion of the soluble tetrachloride additive com- 
pound into the insoluble dichloride by heating in aqueous solution 
the concentrated mother-liquor yields on addition of hydrogen 
chloride a double salt of dimethylaniline hydrochloride and tellurium 
tetrachloride which crystallises best from alcoholic hydrochloric 
acid as (C,H,-NMe,,HCl),TeCl,,C,H;-OH. This product resembles 
certain double salts containing tellurium tetrabromide and aromatic 
bases (Lowy and Dunbrook, loc. cit.) and the double halides of 
tellurium and the alkaloids (Lenher and Titus, J. Amer. Chem. Soc., 
1903, 25, 730). 

Preliminary experiments showed that in its interaction with 
tellurium tetrachloride N-methyldiphenylamine resembles dimethy]l- 
aniline in yielding both an additive compound and a substitution 
product. 
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EXPERIMENTAL. 

Bisdimethylaniline Tellurium Tetrachloride—The bright red 
precipitate, which appeared on addition of 15-2 g. of tellurium 
tetrachloride, dissolved in 160 c.c. of dry ether, to 21 c.c. of dimethyl. 
aniline (3 mols.) in 200 c.c. of the same solvent, rapidly changed to a 
yellow crystalline solid, which was obtained in practically quantita- 
tive yield after washing with ether (Found: C, 37-4; H, 4-6; (Cl, 
27-8; Te, 24:7. C,,H,.N,Cl,Te requires C, 37-5; H, 4-3; Cl, 27-7; 
Te, 24-9%). 

Bisdimethylaniline tellurium tetrachloride became green at 137° 
and melted to a blue liquid at 144—145° with elimination of tellur- 
ium. It was insoluble in the common organic solvents except 
acetone and alcohols, which, however, decomposed it. Its bright 
yellow colour deepened on exposure to light and the substance 
slowly decomposed in moist air. It formed a colourless hydro- 
chloride stable in dry air but decomposed by alkali with liberation 
of dimethylaniline. 

4: 4’-Tetramethyldiaminodiphenyl telluridichloride was isolated in 
small amount (0-1 g.) from the concentrated ethereal mother-liquor 
of the preceding preparation after removal of dimethylaniline with 
petroleum, but was best prepared by warming 28-5 g. of the fore- 
going additive compound with 200 c.c. of boiling water for 15 
minutes; the initially clear solution then deposited a yellow precipi- 
tate, which was extracted with chloroform to separate the organic 
product from inorganic tellurium compounds. The dichloride which 
separated from its chloroform solution (yield, 8 g.) crystallised from 
acetone in well-defined, highly refractive, bright yellow plates or 
hexagonal prisms which turned blue at 181° and melted to a purple 
liquid at 188—189° (Found : C, 43-7; H, 4-4; Cl, 16-1; Te, 28-9. 
C,gHsgNCl,Te requires C, 43-8; H, 46; Cl, 16-2; Te, 29-1%). The 
dichloride was readily soluble in chloroform or hot’ benzene, less 
soluble in acetone and only sparingly soluble in alcohol, ether, or 
carbon tetrachloride. It dissolved in concentrated sulphuric acid 
with effervescence, formed a hydrochloride (m. p. 136—137°), and, 
although insoluble in hot water, dissolved in warm aqueous alkalis 
to colourless solutions which deposited crystals on cooling. It 
underwent nitration and its nitro-derivative was reducible to a 
diazotisable base without elimination of tellurium. 

The orientation of tellurium in this dichloride was determined by 
adding aqueous sodium nitrite (3 mols.) to 1 g. of the dichloride 
suspended in dilute hydrochloric acid at —5°, the temperature being 
finally raised to 5° : 0-30 g. of tellurium dioxide and 0-6 g. of p-nitroso- 
dimethylaniline were collected, the yields of these products being 
80% of the calculated quantities. 
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4: 4’-Tetramethyldiaminodiphenyl tellwridi-iodide, 
(NMe,-C,H,),Tel,, 
readily obtained by refluxing the dichloride in acetone with a 
slight excess of sodium iodide, crystallised from chloroform-— 
acetone in lustrous dark red prisms, melting and decomposing at 
158—159° with evolution of gas (Found: I, 41-1. C,,H,.N,I,Te 
requires I, 40-8%). 

4: 4'-Tetramethyldiaminodiphenyl telluride, Te(C,H,NMe,)o.— 
Potassium metabisulphite (2 g.) was added to a suspension of 0-8 g. 
of the dichloride in dilute acetone and after an hour the mixture 
was extracted with chloroform. Methyl alcohol was added to the 
dried and concentrated extract; and the solution, filtered from 
tellurium, was cooled on ice until pale olive-green crystals separated, 
m. p. 128—130° (Found: C, 52-1, 52-25; H, 6-1, 5-8; Te, 34-6. 
CigHggN.Te requires C, 52-2; H, 5-5; Te, 34-7%). This telluride 
was readily soluble in chloroform, acetone, or benzene, sparingly 
soluble in alcohol and insoluble in water. It oxidised slowly to a 
colourless insoluble solid. Even in cold solution it tended to deposit 
tellurium, and this separation probably caused the variability in 
colour (orange, orange-red and olive-green) of the various prepar- 
ations. 

Trisdimethylaniline Hydrochloride Tellurium  Tetrachloride, 
(C;H,"NMe,,HCl),TeCl,,C,H,*OH.—In the foregoing preparation of 
4: 4’-tetramethyldiaminodipheny] telluridichloride the aqueous 
mother-liquor on concentration yielded a residue, which crystallised 
from alcoholic hydrochloric acid in greenish-yellow, flattened 
needles, m. p. 119—121° (Found: C, 38-8, 39:0; H, 4-9, 5-0; 
Cl, 29-8, 31-35; Te, 15-7, 16:55. ©,,H,,N,Cl,Te,C,H,-OH requires 
C, 39-6; H, 5-4; Cl, 31-5; Te, 162%). The alcohol present was 
identified by conversion into iodoform. This well-defined additive 
compound, which was readily soluble in water to an acid solution, 
was less soluble in alcohol. It was hygroscopic and decomposed by 
aqueous alkalis. 

4 : 4’-Diphenyldimethyldiaminodiphenyl Telluridichloride, 

(C,H,"NMe-C,H,),TeCl,. 
—Tellurium tetrachloride and N-methyldiphenylamine in ethereal 
solution yielded a black’ viscous oil hardening to an indigo- 
blue solid (yield, 80%), which was probably an additive 
compound similar to the first product of the interaction of 
the tetrachloride and dimethylaniline but not convertible into a 
dichlorotellurium derivative by the action of water (see p. 1104). 
The ethereal mother-liquor on concentration left, however, a small 
amount of viscous solid which after extraction with petroleum 
to remove N-methyldiphenylamine was crystallised repeatedly 
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from acetone-alcohol (Found: C, 55-6; H, 4:5; Cl, 12-1; Te, 
22-6. C,,H,,N,Cl,Te requires C, 55-5; H, 4-3; Cl, 12-6; Te, 22-7%). 
This dichloride (yield, 5°) separated in well-defined, transparent, 
primrose-yellow, rhomboidal plates, m. p. 170—172°; it was readily 
soluble in chloroform or hot acetone and sparingly soluble in alcohol, 
carbon tetrachloride, or light petroleum. On warming with con. 
centrated sulphuric acid, it developed intense violet to blue color. 
ations, and with nitric acid a deep wine-red tint. 


CHEemicaAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, April 24th, 1929.| 
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The Determination of Available Oxygen by the Bunsen Method. 
By THomas WALLACE PARKER and PrRcy Lucock RosInson. 


THE most recent investigation of the accuracy of the Bunsen method 
of determining available oxygen by liberation of chlorine appears 
to indicate that results may be as much as 0-5% low (for potassium 
permanganate) owing to the reaction 

between chlorine and water (Rupp, 

Z. anal. Chem., 1918, 57, 226). 

Difficulties attending accepted prac- 

tice, viz., the tendency for the potass- 

ium iodide solution to be drawn back 

into the reaction flask and the 

necessity of transferring this solution 

to another vessel for titration (com- 

pare Wagner, Z. anal. Chem., 1903, 

42, 365), have been overcome by 

using the device shown in the figure. 

The apparatus consists of a 50 c.c. flask, A, with a ground-in 
stopper, sealed by sulphuric acid, and a delivery tube of 8 mm. 
diameter, widened at B to 10 mm., the end, C, of which is inserted 
into the especially widened side tube of the absorption flask, rubber 
being used to complete the joints. The absorption flask, E, is a 
pear-shaped vessel, 18 cm. high and of 250—300 c.c. capacity, into 
the neck of which is fitted, by a ground-joint, the tube F, 22 x 2cm., 
the rounded bottom of which is pierced with a small hole 8 mm. in 
diameter. The lower two-thirds of this tube is packed with glass 
beads. This apparatus is filled to such a height with potassium 
iodide solution that with the passage of gas the liquid is forced up 
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the tube 1—1-5 inches above the general level before the pressure is 
relieved and part of the liquid returns to the main bulk. With such 
an adjustment there is a continuous interchange of liquid in the 
bead column, and if for any cause the pressure in the system falls 
below atmospheric, air passes down the tube into the apparatus. 

In carrying out an estimation 20 c.c. of pure concentrated hydro- 
chloric acid were measured into the reaction flask, a fragment of 
porous pot was added, followed by a small test-tube containing a 
known weight of pure potassium dichromate, after which the stopper 
was immediately inserted and 4—# of the liquid was gently distilled 
into the potassium iodide. The absorption flask was then detached, 
the bead-packed tube removed after being well washed both inside 
and outside with potassium iodide solution and with water, and the 
liberated iodine was titrated with thiosulphate solution. Blank 
experiments with acid alone showed that there was a constant cor- 
rection of about 0-45 c.c. of 0-04N-thiosulphate. The addition of 
magnesite for the purpose of displacing the last trace of chlorine 
from the reaction flask was without appreciable effect and the 
addition of potassium iodide to several lots of diluted residual 
liquor showed a complete absence of chlorine in all cases. Experi- 
ments made in an earlier apparatus, in which the delivery tube was 
fitted to the neck of the flask by a ground joint, showed that the 
washing-out of this tube does not raise the result. Lubrication of 
this ground joint with vaselin or with metaphosphoric acid gave 
slightly low, or higher but somewhat irregular, results, respectively. 

Ten experiments made with 0-1200 g.+ 0-2 mg. portions of 
potassium dichromate and titrated to + 0-05 c.c. of 0-LN-thio- 
sulphate, gave results agreeing among themselves to 1 part in 
325 parts, but the mean was about 0-37% low. 

In order to find whether the method is susceptible of a high 
degree of accuracy a second series of experiments was made in 
which the dichromate was weighed to + 0-02 mg. and the chlorine 
was liberated under slightly less than atmospheric pressure and 
absorbed at 0°. The thiosulphate was standardised with 0-1N- 
potassium dichromate by means of a weight burette and an 
approximately 0-04N-thiosulphate solution was prepared by the 
same method. The weight burette was used for the 0-1N-thio- 
sulphate in titrating the liberated iodine, the end point being finally 
reached by use of the weaker solution in a burette, and in this 
manner results to -++ 0-02 c.c. of 0-1N-thiosulphate were obtained. 
The following figures, the first being the weight of dichromate (g.) 
and the second the available oxygen %, indicate a concordance of 
1 part in 3,250 parts and the mean is 9-18% below the theoretical 
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value : 0:24653, 16-281; 0-24319, 16-283; 0-24681, 16-286; 0-12167, 
16-285.—Untversity or DurHAm, ArmsTrona CoLLEeGE, Naw. 
CASTLE-ON-TyNE. [Received, February 22nd, 1929.] 





An Improved Calciwm Chloride Tube. By Dovatas VERNoN 
Net~mar Harpy. 


Catotum chloride tubes of many different designs have been 
employed for the absorption of water produced during combustions. 
Of these, the chief types in common usage are (i) the U-tube with 
two side-arms, one of which carries a water-trap, and (ii) the 
U-tube similar to that shown in the diagram but having both stop- 
cocks of design B. The first type may 
be used many times with the same 
filling, but has the disadvantage that, 
while it is waiting to be weighed, 
rubber caps must be attached. The 
use of the second type involvesfrequent 
replacement. of the filling. The ad- 
vantages of both patterns are possessed. by the U-tube shown (as to 
its upper part) in the diagram, in which stopcock A acts as an efficient 
water-trap.— Universiry CoLLece, SouTHampron.  [Received, 








February 26th, 1929.] 





The Volatility and Structures of the Azides and Aliphatic Diaz- 
compounds. By Nervi V. Smpeawick. 
Tue cyclic structures originally ascribed to these compounds have 
been generally abandoned in recent years in favour of the open-chain 
formule I and II (as expressed in modern symbols). 
(.) R—-N—N>N (I.) R,C—N>N 

This is due mainly to the work of Angeli, Thiele, and Staudinger, who 
showed that they give derivatives containing these open chains. 
The proof that the azoxy-compounds and the N-ethers of the 
oximes have open-chain and not ring structures supported this 
view. The argument is, however, not very conclusive; it might 
be urged that the azides and diazo-compounds themselves contain 
closed rings, and that when these open, since the double link between 
nitrogen atoms (unlike that between carbons) is normally very strong, 
they must form unbranched chains. 

Lindemann and Thiele (Ber., 1928, 61, 1529) have shown that 
the parachors of a series of azides have the values to be expected 
for the ring structures. But this also is inconclusive, because the 
difference between the constitutive values calculated for the ring 
(38-6) and for the open-chain formula I (44-8) is only about 2% of 
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the total parachor; and though the observed value (mean, 40-3) is 
nearer to the former than to the latter, it might be maintained that 
these unusual structures involved a slight modification of the 
accepted parachor values. 

It is to be expected that the volatility of the compounds will 
throw light on their structures. A co-ordinate link always causes a 
rise in the b. p., due to the external field of the resulting dipole, as 
is shown by the b. p.’s of the isomeric pairs CH,-O-NO, —12°; 
CHyNXO, 101°: P(O-C,H,)s, 156°; C,H,(C,H,-0),P>O, 198° : 
(CH;).N*O-CHs, 30°; (CH;),N>O, >180°. If the azides and 
the aliphatic diazo-compounds have the ring structures, they should 
boil at about the same temperatures as the corresponding chlorides 
or bromides, whereas if they have open-chain structures with the 
co-ordinate link, their b. p.’s should be much higher, and nearer 
to those of the nitro-compounds. 

In the following tables the published data are collected. The 
second column gives the pressure in mm. under which the b. p. of 
the azide or diazo-compound was observed: the values for the 
halides and nitro-compounds at this pressure have been found by 
interpolation, or by extrapolation by means of the Ramsay—Young 
formula; the latter is not very accurate, but the errors should not 


exceed a few degrees. Compounds whose b. p.’s are recorded at 
pressures below 10 mm. have been omitted, because of the uncer- 
tainty both of the measurements and of the necessary extra- 
polations. 


TABLE I, 


Boiling Points of Azides. 
X= 





N,; Cl Br. 
20° —24° 4 4-5° 
45 24 32 
49 20 33 
63 
+17 
71 
65 
35 


a9 
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TABLE II. 




















Boiling Points of Aliphatic Diazo-compounds. 
x = 

Press. a et tn 

(mm.). N, H,Cl. H,Br. H,I. H,NO,. 
1 RC Ar tal lhe 760 —23° —24° 445° 45° 101° 

OO Me 760 132 130 144 170 203 

CHX-COSEt ....sccscccscssesceee 760 143 145 169 180 216 
CUI Gabi ecsescesn- SRR BOR BM te 
CH,-CX-CO,Me ..............-. ee ae ee 
CH,-CX-COLEt cc.scccccscessees “i... @ 3: 9%, 0); als 
CH,-CH,-CX-CO,Et .......0... nm ege%rge' 66°! wh “108 
(CH,),CH-CH,CK-CO,Et.. 12 72 90 98 — ~— 
CH,-CO-CX-CO,Et oo... ag gabe ggp “Yep Sl 
GHOST cas cesssicscscciccs sce 1 See? nae Gee ee ee 






It will be seen that the b. p.’s of the azides lie near those of the 
bromides, or between these and the iodides (this was pointed out by 
Forster and Newman, J., 1910, 97, 2572, from whose paper several 
of the values are taken); the b. p.’s of the diazo-compounds lie 
very near those of the chlorides; those of the nitro-compounds are 
always much higher. These results seem to indicate that the ring 
formulz should be retained for both of these classes of compound.— 
Lixcotn CoLLEeGE, OxrorD. [Received, April 8th, 1929.] 



















The Preparation of Quinaldinic Acid. By THomas Weston 
Jouns TAYLor. 


THE most convenient way of preparing quinaldinic acid is that of 
Reissert (Ber., 1905, 38, 1610) in which the acid is obtained as its 
copper salt. The tedious operation of removing the copper with 
hydrogen sulphide can be avoided and the acid obtained much more 
readily by taking advantage of the low solubility of sodium quin- 
aldinate in cold sodium hydroxide solution. 

If the copper salt is boiled with an excess of such a solution 
(about 2N) until all the copper is present as oxide, and the hot 
solution filtered, sodium quinaldinate crystallises in about 85% 
yield on cooling. The sodium salt so obtained has the formula 
C,H,N-CO,Na,14H,0, and does not lose its water on standing in 4 
vacuum over calcium chloride (Found : Na, 10-3, 10-4, 10-5. Cale.: 
Na, 10-4%). The water is lost by heating to 140—150°, or by 
drying over sulphuric acid in a vacuum (Found: Na, 11-9, 11-7. 
Cale. : Na, 11-8%). The hydrate of the sodium salt can be purified 
by recrystallisation from dilute sodium hydroxide solution or from 
95% alcohol; in the latter case it first separates as a thick jelly 
which gradually breaks up into crystals. Rough solubility deter- 
minations showed that at room temperature it is about forty times 
less soluble in 1-5N-sodium hydroxide than it is in water. 
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The acid can be rapidly obtained from the sodium salt by making 
a paste of the latter with water and adding the theoretical amount 
of hydrochloric acid. After cooling, the acid can be collected and 
washed with ice-cold water.—TaEr Dyson Prrrins LaBoRaToRY, 
OxForRD. (Received, April 17th, 1929.] 





The Viscosity of Lther at Low Temperatures. By Epm. van AUBEL. 


Tue relation between the fluidity of a normal liquid and the tem- 
perature has been shown by the author (Compt. rend., 1921, 173, 
384) to be represented by the formula ¢ = m + m log (6 — 4), 
where m and m are constants and @ is the critical temperature. 
This formula was shown to represent satisfactorily the behaviour of 
several normal liquids above 0°. The recently published measure- 
ments of Archibald and Ure (J., 1927, 610) on the viscosities of ether 
from 0° to —109-8° give the opportunity of testing the validity of 
the formula at lower temperatures. The following table shows that 
good agreement is obtained down to —92-2°. The constants used 
in obtaining the calculated values are: critical temperature of 
ether 6 = 193-8°, m = 4003-46, n = —1599-7. 
Fluidity Fluidity 

mea- Fluidity mea- Fluidity 

sured. calc. Diff. Temp. sured.  cale. Diff. 

344-5 34439 +-0-11 —53-9° 1742 173-89 +0-31 

308-7 308-75 —0-05 —645 1443 144-79 —0-49 

275:0 275-5 —0-°5 —75-4 1154 11608 —0-68 

243-4 244:09 —0-69 — 84-4 93°05 93-22 —0-17 

238-1 237-9 +0-2 —92-2 74:96 74:01 +0-95 

206-2 205-17 +1-03 


Tue University, GHENT. [Received, March 5th, 1929.] 





CXLVIII.—The Existence of Iiquid Racemates. 


By Atan Newron CAMPBELL. 


Mvc# discussion has centred for many years upon the existence of 
racemates, as true chemical compounds, in the liquid state and in 
solution, although the completeness of the dissociation in the 
gaseous state is well attested by vapour-density determinations. 
All such work as the present must be undertaken with inactive 
substances which are known to be true racemates in the solid state, 
and moreover, it must be known whether the liquid racemates 
investigated are approaching or receding from their transition 
points at the temperatures of investigation. It has been shown by 
Adriani, from freezing-point curves (Z. physikal. Chem., 1900, 33, 
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467), and by Findlay and Campbell, from solubility. curves (J., 1928, 
1770), that solid methyl tartrate is a stable racemate at room tem- 
perature, and that its transition point is approached by lowering 
the temperature. It has also been shown by Findlay and Campbell 
(loc. cit.) that to bring the transition point of a tartaric ester up to 
the neighbourhood of room temperature it is necessary to introduce 
some acid group, such as acetyl, propionyl, or benzoyl, in place of 
the hydroxyl groups. It is therefore probable a priori that the 
liquid esters of racemic acid would be stable racemates, but this 
does not, of course, preclude the possibility of complete dissociation 
into the d- and l-forms on fusion, as is suggested by some authors 
in the case of other series. 

The view, often stated in text-books, that fusion or dissolution 
of a true racemate is immediately followed by complete dissoci- 
ation is by no means generally held; indeed, it is obvious on 
theoretical grounds that the left-hand side of the equilibrium 
r= >d +1 must be represented by a certain concentration, however 
small. The statement that in solution the concentration of racemate 
is negligible rests chiefly upon cryoscopic measurements, but the 
evidence is not unexceptionable and there are discrepancies. There 
is one experiment by Byk (Z. physikal. Chem., 1904, 49, 682; 1908, 
61, 67) which points to the undoubted existence of at least a trace 
of racemic acid in aqueous solution, and this experiment has been 
repeated and confirmed by the author. 

The state of affairs in a pure liquid racemate is different : there 
is no medium to exert a dissociating action. It is said that an 
examination of the physical constants of corresponding active and 
racemic compounds does not show any marked difference, but this 
view is not justified, for the results of all investigators do show a 
difference, although often only very slight. 

It is significant that all investigators hitherto have deliberately 
avoided the use of liquids which were: known to be associated. 
Judging by the experimental data contained in this paper, however, 
it would seem that in avoiding the associated liquids, they missed 
the most fruitful field of investigation, for it is just in those cases 
where the active forms are associated that a most interesting state 
of affairs exists. Contrary to expectation, the racemic forms are 
usually less, not more, associated than the active forms. The effect 
of raising the temperature will be to increase the dissociation of 
both forms, and hence it would be expected that the physical 
properties of the two forms should approach one another with 
rising temperature: this has been found to be the case. Since, 
however, the rate of increase of dissociation may not be the same 
in both cases, it may occasionally happen that the order of the 
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properties may alter, owing to a lag in the dissociation of one form : 
one such case has been observed. 

The literature shows the very conflicting nature of the evidence 
and of opinions. One fact emerges, however, viz., that the differ- 
ences in the physical constants are only slight and might be, as is 
claimed by some, negligible, were it not for the case of ethyl tartrate, 
investigated by Thole, where the difference between the viscosities 
of the active and of the racemic form exceeds the experimental 
error. For the present investigation a series of associated esters of 
tartaric acid was chosen, viz., ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, and amyl tartrates and racemates; ethyl diacetyltartrate 
and methyl dipropionyltartrate were also investigated. 


EXPERIMENTAL. 


1. Preparation of the Esters.—Ali the active esters, but few of the 
racemates, had been previously prepared. For the preparation of 
the latter, the following method was finally adopted. The racemic 
acid [(CgHgO,).,2H,O] (1 mol.) was dehydrated by 6 hours’ heating 
at 110°, finely powdered, and weighed, and the requisite alcohol 
(4 mols.) was added. The mixture was heated on the water-bath, 
and saturated with dry hydrogen chloride. (Only by partly esteri- 
fying the racemic acid can a large fraction be made to dissolve.) 
The product was cooled in ice, again saturated, kept over-night, 
and then distilled under reduced pressure up to 150°. The residue 
was returned to the esterification flask, and the whole process 
repeated. Water, alcohol, and hydrogen chloride were removed as 
before, and the ester was distilled at its appropriate boiling point. 
The new racemates thus prepared are : n-Propyl racemate, m. p. 25° 
(Found : C, 52-2; H, 7-9. C,9H,,0, requires C, 51-5; H, 7-7%); 
isopropyl racemate, m. p. 34° (Found: C, 52-5; H, 7-85%); n-butyl 
racemate, b. p. 185°/12 mm., 320°/765 mm. (Found: C, 55-7; 
H, 8-65. C,H 90, requires C, 55-0; H, 8-4%); isobutyl racemate, 
m. p. 58° (Found: C, 55-6; H, 8-5%). 

The initial materials in all these preparations were British Drug 
Houses A.R. racemic acid and A.R. alcohols, with the exception of 
amyl alcohol, which, being a commercial mixture, gave rise to esters 
of corresponding isomerides. 

2. Melting Points.—Although ethyl, n-butyl, and amyl racemates 
were cooled in a freezing mixture to — 16°, and vigorously scratched 
with glass rods, they could not be induced to crystallise. In the 
case of n-butyl racemate, this is consistent with its physical con- 
stants, which indicate that it is very highly dissociated even at room 
temperature (see below). Thus the eutectic corresponding to the 
racemate will be far below the freezing point of the active form. 
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In several cases, notably those of n- and iso-propyl tartrates, the 
active ester is liquid at room temperature, whereas the racemic ester 
is solid. It was thought, in view of this fact and of the high vis- 
cosity, that possibly the active esters were merely supercooled 
liquids. Accordingly, n- and iso-propyl and amyl tartrates were 
also cooled to — 16°. Both the propyl tartrates became very 
viscous but did not solidify. The amyl tartrate crystallised only 
partly, doubtless owing to its heterogeneous composition (see p. 1113). 
Table I gives the melting points, when known, of the active and the 

inactive esters. The reference (C) denotes that the value is due to 















the present author. | 
' Tasze I. 

Tartrate. Dextro. Racemate. Reference. 

Bethyl ..ccccccccrcccceee 17° Liquid Franchimont; see Beilstein, Vol. 
ITI, p. 513, 1921 edtn. 

m-Propyl  ........e00s Liquid 25° (C) 
isoPropyl  ...---..+++ Liquid 34 (C) ( 
N-Butyl ....c0..seceere 22—22-5 Liquid Freundler, Ann, Chim., 1894, 3, ( 





447, 
wD 58(C) Pictet, Ber., 1881, 14, 2790. 













BYE cccocncsnssapesses iqui Liquid 
Methy! dipropiony!- 27-5 34-2 Freundler, Bull. Soc. chim., 1894, 




























Ethyl diacetyl- ...... 67—68 50-5 MeCree ond Patterson, J., 1900, 77, fi 
1098; Perkin, J., 1887, 51, 368. 

Where the melting point of the inactive form is higher than that of 
of the active, there can be no doubt that the inactive form is, in = 
the solid state, a true racemate. It does not seem reasonable to di 
suppose that, where the racemate has a melting point very much re 
higher than that of the active form, its melting is immediately of 
attended by complete dissociation, but for a more exact knowledge 
of this it is necessary to investigate fully the form of the freezing- Etl 
point curve. n-E 

3. Boiling Points —The boiling points under reduced pressure ” 
and under atmospheric pressure, determined in the usual way, are 
given in Table II. A short-range Anschiitz thermometer was used act 
to minimise the error due to the exposed stem. It is seen that, ass 
although in some cases the boiling point of the racemate is lower exy 
than that of the active form, it is rarely higher. ind: 

4. Densities and Coefficients of Expansion—The densities of all 5 
the mactive esters were determined at a number of temperatures. wer 
A Sprengel pyknometer holding about 5 c.c. was used in an elec- met 
trically controlled thermostat, the temperature of which did not ther 
vary by more than + 0-05°. For temperatures of 100° and over, 4 in ¢) 
sulphuric acid bath was used, and here the temperature control deps 





was not so good. The coefficients of cubical expansion, «, were also 
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Taste II. 
Tartrate. 
Ethyl 157°/11 mm, (A) 280°/760 mm. (A) 
157°/11-5 mm. (A) 281°/765 mm. (C) 
171—-172°/17 mm. (P) 303°/760 mm. (A) 
174°/12 mm. (C) 297°/765 mm. (C) 
167°/11 mm. (C) 286°/765 mm. (C) 
154°/13 mm, (C) 275°/760 mm. (Pi) 
275°/765 mm. (C) 
154°/12 mm. (C) 275°/765 mm. (C) 
200—203°/18 mm. (F) 320°/765 mm. (C) 
186°/14 mm. (C) 
185°/12 mm. (C) 320°/765 mm. (C) 
197°/23 mm. (Pi) 323—325°/760 mm. (Pi) 
195°/13 mm. (C) 311°/768-5 mm. (C) 
195°/13 mm. (C) 311°/768-5 mm. (C) 
193°/30 mm. (C) 291—-292°/760 mm. (Pi) 
296°/764 mm. (C) 
180°/22 mm. (C) 297°/764 mm. (C) 


(A) Anschiitz, Ber., 1885, 18, 1399. (F) Freundler, Ann. Chim., 1894, 3, 447. 
(C) Present author. (P) Patterson, J., 1904, 85, 767. 
(Pi) Pictet, Jahresber., 1882, 856. 


n-Propyl 


isoPropyl 


n-Butyl 


isoButyl 


Ethyl diacetyl- 


VRARAWARRFARZARAWAAWA 


calculated, as it was thought that these might be less affected by 
an erroneous determination. The results are in Table I1I—the 
figures for the active forms are mostly those of other workers. 

An examination of the figures on p. 1116 confirms the statement 
of Ranken and Taylor (Proc. Roy. Soc. Edin., 1907, 27, 172) that the 
racemic form is on the average less dense than the active form: the 
difference is slight, but persistent. The coefficients of cubical 
expansion of the active form are almost always higher than those 
of the racemic form, the mean values of « x 105 being : 


Ester. Dextro. Rac. Ester. Dextro. Rac. 
87-5 75 67 
n-Propyl 68 ; y 18 
isoPropyl 79-5 Ethyl diacetyl- .... 128 177 


The greater densities and coefficients of expansion in the case of 
active ethyl, n-propyl, and isopropyl tartrates point to a greater 
association of the active forms. Im all cases the coefficient of 
expansion of the active form increases with rise of temperature, 
indicating progressive dissociation of the associated molecules. 

5. Viscosities.—The viscosities of both active and racemic forms 
were determined at 18°, 40°, and 80°. An ordinary Ostwald visco- 
meter, standardised with water, was used in an electrically controlled 
thermostat. No special precautions were taken to ensure accuracy 
in the stop-watch used, beyond comparing it with another in the 
department; although a slight error might thus affect the absolute 
value of all these measurements, the relative values for active and 
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Tas_eE III. 
Density. a X 10°. 








Dextro. Racemate. Range. Dext. Rac. 
1-2097 (A & Pi) 
1-2097 (P) @s:  1-2059 (C) 
1-2112 (C) ds 12058 (C) 
1-2036 (W) a 1-2036 (C) 
1-2019 (P) d3; 12071 (C) 
1-2151 (C) 
1-1840 (W) di 1-1876 (C) 
1-19135 (C) 11873 
1-1642 (W) d%® —1-1737 (C) 
11729 (C) 
1-1445 (W) ae 1-1585 (C) 
11569 (C) 
1-1279 (Pi) di” = 1-1369 (C) 
1-1274 (C) 
1-0919 (Pa) 
1-0919 (Pa) d'3t2" 1-1040 
1-0991 (C) 
1-0507 (Pa) er 1-0553 
1-0553 (C) 
1-1392 (A & Pi) 
1-1361 (C) ais —1-1360 (C) 
1-1390 (W) a’ 1-1256 (C) 
1-1204 (W) ax’ 1-1159 (C) 
1-1207 (C) 
1-1013 (W) ds 11-0904 (C) 
1-0819 (Pa) 
1-0819 (C) dee" 1-0791 
1-0590 (Pi) ad 1-0580 
ds 11274 (C) @s 1-1214 (C) 
@ 11-1300 (Pi) a 11-1166 (C) 
a” 11-1057 (C) qd” 1-1022 (C) 
ase 1-0724 (C) ae" 1-0743 (C) 
@® 1-0537 (Pi) @% 11-0467 (C) 
a= 1-098 (F) di = 1-0890 (C) 
di 11-0886 (C) di = 1-0879 (C) 
di” 1-0765 (C) di” 1-0741 (C) 
de 1-0392 (C) die" 1-0382 (C) 
isoButyl q%° 1-0213 (C) d=" =—1-0160 (C) 
tartrate p00’ 1-0178 (C) de” 1-0124 (C) 
ad 1-0145 (Pi) 
Ethyl ds" =: 11065 (C) d= 1-1012 (C) 
rare de® 1-0810 (McC) gi" 1-0661(C) 80— 985 128 177 
(A & Pi) Anschiitz and Pictet, Ber., 1880, 18, 1176. 
(P) Perkin, J., 1887, 51,363. (W) Winther, Z. physikal. Chem., 1902, 41, 174. 
(Pi) Pictet, Jahr., 1882, 856. (Pa) Patterson, J., 1908, 98, 1852. 
(F) Freundler, Ann. Chim., 1894, 3, 447. 


McC) McCrae and Patterson, J., 1900, 77, 1098. (C) Present author. 
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racemic compounds are not affected. The results are in Table IV. 
Thole (J., 1910, 97, 1249) found 1-457 for ethyl tartrate and 1-360 
for the racemate at 25°. 
Tasie IV. 
18°. 40°. 80°. 
=— eNF =_ees==“«+. em, 
Ester. t r. d. ?. et r. 


25196 0-4479 0-3499 0-0571 0-0536 

1-4861 0-3587 0:2965  0-0524 0-0461 

5-8243 05716 0-6150 0-0643 0-0647 

0-9455 00-2532 0-2475 0-0455 0-0445 

y 18654 0-4093 0-3326 0-0586 0-0527 

Methyl dipropionyl- 0-3411 0-3355 

Ethyl diacetyl- ...... 0-0656 0-0460 

0-0640 0-0595 
The marked difference in the viscosities is noteworthy; with one 
exception, that of the active form is, in agreement with Ranken 
and Taylor (loc. cit.), Aguirreche (Anal. Fis. Quim., 1925, 23, 409), 
and Thole (loc. cit.), higher than that of the racemic form, but 
isopropyl tartrate at 40° showed the reverse behaviour, and this. 
was confirmed with several fresh preparations. As the temperature 
rises the difference in the viscosities decreases, becoming in some 
cases almost zero; thus, in the case of isopropyl tartrate at 80° 
we may perhaps conclude that the dissociation of the racemate is 


complete. The following ratios of ‘tartrate/Nracemate and also the 


temperature coefficients (dy/dt)/n,,- illustrate these points. 
18°. 40°. 80°. 


ae 





(dn /dt) ins (dy (at) nae 
—eVE— eee, 
Ratio. Ratio. d. r. Ratio. d. r. 
1:28 0-0401 0-0393 1:07 0:0159 0-0158 
1-21 0-0378 0-0363 1:13 0-0157 0-0156 
0-93 0-0420 0-0407 1:00 0-016 0-159 
1-02 0-0345 0-0336 1:02 0-0153 0-0154 
1-23 0-036 0-0374 1:12 0-0157 0-0156 
Methyl dipropionyi- 1-01 
Ethyl! diacetyl- ...... 1-42 
isoButyl 1-29 

Thole’s figures (loc. cit.) for ethyl tartrate give ratio = 1-07, and 
(dy/dt)/n 4 = 0-088 for the tartrate and 0-066 for the racemate. 

The temperature coefficients of the active forms are greater than 
those of the racemic forms, but all approach the value 0-016 at 80°. 
In view of such striking evidence as the above, it can hardly be 
denied that there must at least be a great difference in the degrees 
of association of the two forms. The greater viscosity of the active 
form points to a greater association of that form. 

6. Refractivities and Dispersions.—The refractive indices for the 
hydrogen C and F lines were determined in a Zeiss Pulfrich refracto- 
meter, through which water at 18° was circulated. The instrument 

QQ2 
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was adjusted in the usual manner, and standardised with water. 
The calculated molecular refraction assumes the presence of two 
hydroxylic, two ketonic, and two ethereal oxygen atoms. The 
results, given in Table V, show slight but distinct differences, as 
elsewhere, the active form having usually the greater refractive 
index, and the inactive the greater dispersion. 


TABLE V. 


n-Propyl. isoPropyl. n-Butyl. Amy]. 
1-4447 1-4385 1-4455 1-4440 
1-4532 1-4467 1-4544 1-4544 
1-4413 1-4374 1-4451 1-4452 
1-4523 1-4461 1-4568 1-4580 
54-79 54-41 64-12 72-85 
55-69 55-42 65-23 74-33 
54-43 54-71 64-12 72-98 
55-63 55-65 65-75 74-81 
54-49 54-49 63-68 72-87 
55-31 55-30 64-74 74-33 
d; [Rije—[Rilc... 0 0-90 1-01 1-11 1-48 
r; {Rijr—[Rrle ... 0-946 1-205 0-94 1-63 1-83 


7. Surface Tension.—Following on the work of Mitchell and 
Smith (J., 1913, 103, 489), the surface tension, molecular surface 
energy, and temperature coefficient of the latter were determined. 
The stalagmometer method was used, the instrument being standard- 


ised with water. The high viscosity prevented its use at 18°. For 
the same reason, the smallest size of Traube stalagmometer, having 
a drop number of about 21-5 at room temperature, was used. The 
simple ratio of the drop weights was used, no corrections being 
applied. The reason for this was principally that only comparative 
figures were required, and, secondly, that the order of reproducibility 
of the surface tensions of these viscous esters is not so high as with, 
e.g., water or benzene. The results are in Table VI. 


TaBie VI. 
y (Mv)i. k = d[y(Mv)*)/dt. 


A 


’ "a. i a . 
Ester. d. r. t. d. r. d. r. 
Ethyl 31-78 40° 986 955 
31-37 80 993 958 +0175 +0-075 
n-Propyl 28-96 ~40 1018 993 
27-10 80 977 914 —1-02 —1-98 
isoPropyl 28-40 40 1009 946 
26-27 80 952 930 —]+425 
n-Butyl 28-73 40 1120 1108 
27-20 80 1086 1045 —0-85 
isoButy] 24-17 80 976 1004 
Amyl 26-90 40 1143 1120 
24-90 80 1085 1035 


Ethyl] diacetyl- 27:47 80 1125 1133 
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The most striking observation is that the values of k are, with 
one exception, greater for the r than for the d form; in other words, 
the association of the active form is greater than that of the race- 
mic, @ surprising result on the basis of the assumption of simple 
association of oppositely active molecules to single racemate mole- 
cules. It is also noteworthy that the only case in which k is smaller 
for the r than for the d form, and therefore the association of the 
racemate is greater than that of the active form, is also the only 
case (at 40°) where the viscosity of the racemate is greater than 
that of the active form. 

8. Specific Rotations —An examination of the preceding physical 
constants shows that those of the active and of the racemic forms 
tend to become identical with rising temperature. The most 
obvious and probable explanation of this is that both forms are 
dissociating into single molecules. Another explanation is con- 
ceivable, however, viz., that with rising temperature a reversible 
racemisation of the active form takes place. This hypothesis is 
disposed of by an examination of the specific rotations of the active 
forms at different temperatures (Table VII). In the case of most 
of the esters this had already been done by previous workers, but 


TABLE VII. 


Ester. Temp. ; Ester. Temp. [a]p- 
Ethyl “ ye . f n-Propyl 14° =: 117° (C) 
tartrate 17:8 ° tartrate 17 12-39 (Pa) 
20 . i 18 12-09 (A & Pi) 
20 . 20 12-44 
20 . i 20 12-00 
35-3 . 98-5 17-28 
92-9 “2 17-11 
100 . i isoPropyl 15-70 (C) 
143 . tartrate 14-886 (Pi) 
175 . 18-821 (Pi) 
isoButyl . i n-Butyl 10-09 (C) 
tartrate (homogeneous) tartrate 10-3 (F) 
14 11:8 (G&F) 13-77 (C) 
(c = 1-025inaleohol) Ethyl 56-8 437 (McC & P) 
13-6 (C) diacetyl- 100 6-30 
(c = 37-0 in alcohol) tartrate 


* The rotation of n-butyl tartrate appears to be affected by a species of 
mutarotation, for after several months’ keeping the rotation had decreased 
to +8-94°, 

(Pa) Patterson, J., 1908, 98, 1852; 1904, 85, 767. 

(Pi) Pictet, Jahresber., 1882, 856. 

(Wa) Walden, Ber., 1905, 38, 399. 

(Wi) Winther, Z. physikal. Chem., 1907, 60, 576. 

(A & Pi) Anschiitz and Pictet, loc. cit. 

(F) Freundler, Ann. Chim., 1894, 3, 447. 

(G & F) Guye and Fayollet, Bull. Soc. chim., 1895, 18, 207. 
(McC & P) McCrae and Patterson, J., 1900, 77, 1098. 
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a few new determinations are added. From these figures it is 
evident that the rotation always increases with rise of temperature, 
and therefore the hypothesis of racemisation is untenable. 

9. Freezing-point Curve of isoButyl Tartrate—isoButyl tartrate 
breaks the series of liquid esters, for it is solid up to 70°, and the 
racemate up to 58°. It was thought, however, that some light 
might be thrown on the degree of dissociation of the racemate from 
the form of the freezing-point curve (compare Roozeboom, Adriani, 
Findlay and Hickmans, Findlay and Campbell, locc. cit.). As these 
tartaric esters all tend markedly to remain superfused, the temper- 
ature was allowed to fall slightly below the expected freezing point, 


Fie. 1. 
Freezing-point curve of mixtures of isobutyl d- and |-tartrates. 














20 25 
1-Ester, %. 


10 15 30 





and a crystal of the phase separating was then added. In this way 
the following data were obtained, from which Fig. 1 is plotted. 


l-Ester, % ....+. 0-00 1-57 4-19 9-43 21:26 24-24 

Fe. Be cansncnesnesse 69-8° 69-0° 67.7° 65-2° 60-0° 57-0° 

I-Ester, %  ...... 32-8 34-10 41-44 46-52 48-64 50-00 

FB. Do cocscavecsesees 53-4° 54-5° 55-9° 56-8° 57-0° 57-2° 
(eutectic) Z 


From the form of the curve, the range of stability of the racemate 
appears to be much less than that of the racemate of methyl tartrate 
investigated by Adriani (loc. cit.). The flatness of the intermediate 
portion of the curve indicates a high degree of dissociation of the 
racemate in the molten state. 

10. Solubility Curves of isoButyl Tartrate-—It has been shown by 
Roozeboom that a study of the solubility of the active, inactive, 
and mixed active and inactive phases will decide whether the solid 
inactive form is a true racemate or simply a dl-conglomerate. 
Accordingly, such measurements were carried out on isobutyl tar- 
trate. In the case of the mixed solid phase, it was necessary to 
analyse the solution polarimetrically to determine the relative 
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proportions of active and inactive ester. The author’s value for 
the specific rotation of isobutyl tartrate in alcoholic solution was 
used rather than that of Guye and Fayollet (see Table VII) since 
it is more nearly related to saturated solutions. The following 
values were obtained, and they are plotted in Fig. 2. 


Solubility (g./100 g. alcohol). 





Solid phase. 0°. 18°. 25°. 
50-7 58-4 
56-5 * 71-5 * 
101-85 d 117-75 d 
18-35 1 51-151 58-25 1 


* Total, d + 1. 


Fie. 2. 

Solubilities of isobutyl d- and |-tartrates. 
120 
110 
100 
90 
80 
70 
60 
50 
40 
30 
20 


10 
0 





3 
—S 
o 
S 
— 
me 
= 
3 
a 
= 
= 
s 
> 
> 
‘= 
3 
S 
3 
) 
w 





10 20 30 40 50 60 70 80 90 100 110 120 
Solubility of 1-tartrate (g./100 g. alcohol). 

The total solubility is always increased by addition of the active 
form to the inactive, i.e., the liquid phase becomes active. At all 
the above temperatures, therefore, the solid inactive form is a solid 
racemate. It will be observed that the length of the intermediate 
portion of the curve is decreasing with falling temperature, and at 
0° is comparatively small. Therefore, at temperatures somewhat 
below 0°, the solid phase will pass from true racemate to dl-con- 
glomerate. The point of significance for this work, however, is that 
at temperatures above 0°, the stable solid phase is always a true 
racemate, and it might therefore be expected that differences might 
exist in the physical constants of the two forms. The above state 
of affairs has also been shown to exist in the case of methyl tartrate 
(Findlay and Campbell, loc. cit.) and therefore, by analogy, in that 
of all the simple tartaric esters. 
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11. Byk’s Experiments.—Although not directly concerned with 
the matter of this paper, the experiments of Byk (loc. cit.) on the 
existence of racemic molecules in solution were thought of sufficient 
interest to be repeated. That author prepared two specimens of 
alkaline Fehling solution, one made up with tartaric acid, and the 
other with the equivalent amount of racemic acid; the latter was 
bluer and the former greener, and this difference was still very 
marked at 100-fold dilution, and still detectable at 250. On repeat- 
ing this experiment, the present author noticed at first a decided 
difference, but this seemed rather to consist in a greater opacity of the 
racemic solution than in a difference of tint. On dilution 50 times, 
the relative difference in tint became more marked, and the racemic 
solution was then distinctly bluer. 

The absorption spectra of the original solutions were then deter- 
mined with a Hilger constant-deviation spectrometer. The visible 
spectrum extended from 2 = 7610 A. to 2 = 4255 A. There was 
no absorption in the violet. The following table shows the wave- 
lengths of the absorption bands for given layer thicknesses for the 
two solutions : 


Tartrate. Racemate. 


“~~ 








- 


2. Thickness, mm. i. Thickness, mm. 


7610—6180 29 7610—5438 
7610—6640 ~ 15 7610—6500 
7610—7195 8 7610—6800 

No band 4 7610—7550 


The 2—log thickness plot gives two closely parallel graphs, the 
difference being probably due to a slight difference in concentration. 
There is therefore no evidence here of the existence of racemic 
molecules. The head of the band lies in the infra-red. 

Another interesting observation is that when both the tartrate 
and racemate Fehling solutions were kept for several weeks, cuprous 
oxide was deposited from the former solution, but not from the latter. 
Now, according to Byk (loc. cit.), tartrate Fehling is photochemically 
active: as the racemic molecules cannot be present to any great 
extent, the effect must be an anticatalytic one. 


Conclusion. 


From an examination of the physical constants, the conclusion is 
irresistible that in the case of the liquid esters of tartaric acid there 
is a marked difference in the chemical nature of the active and 
inactive forms. 

As the series of esters is ascended from the ethyl to the amyl 
members, the difference in the degree of association decreases, at 





a 
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room temperature, so that amyl tartrate appears to be but little 
more associated than its racemic form. As the temperature rises, 
the active form dissociates more than the racemic form, so that 
n-butyl racemate has become identical with its active form. At the 
same time, it must be supposed that sometimes the racemate (which 
must also be associated to some extent) dissociates at a different 
rate from the active form, for, e.g., the order of viscosities of iso- 
propyl d- and r-tartrate is reversed at 40°, whereas the viscosities 
of the amyl esters, almost identical at 18°, show a considerable 
difference at 40°. At 80°, the constants are still closer. 


UNIVERSITY OF ABERDEEN. [Received, March 15th, 1929.] 





CXLIX.—Effect of the Addition of Hydrogen and 
Water on the Radiation emitted from the Carbon 
Monoxide Flame. 

By Witu1am Epwarp Garner and F. Rorrey. 


THE flame of carbon monoxide and oxygen emits the major part of 
its radiation in two bands with maxima at wave-lengths 2°8 and 4-4u, 
which correspond to the infra-red emission and absorption bands of 


carbon dioxide gas. On account of this correspondence, it is con- 
cluded that the emitters of the infra-red radiation from the flame 
are molecules of carbon dioxide (compare Garner and Johnson, 
Phil. Mag., 1927, 3, 97; J., 1928, 281; Johnson, Phil. Mag., 1928, 
5, 301). The spectrum of the flame in the ultra-violet and visible 
regions consists of a continuous band ranging from 5500 to 2300 A., 
on which are superimposed carbon monoxide bands, the wave- 
lengths of which have been measured by A. Fowler (“ Flame and 
Combustion in Gases,’’ Bone and Townend, p. 331). 

The addition of hydrogen or water to the flame of carbon monoxide 
causes a diminution in the intensity of emission of radiation over the 
whole spectrum. The total radiation is reduced to one-eighth on 
the addition of 2% of hydrogen (see below). Weston (Proc. Roy. 
Soc., 1925, A, 109, 177, 523) has shown that the visible and ultra- 
violet spectrum of the carbon monoxide flame practically disappears 
on the addition of 50% of hydrogen, the place of thecarbon monoxide 
spectrum being taken by the hydroxyl bands in the ultra-violet. 
Experiments by Johnson (Joc. cit.) have shown that the emission 
at both 2-8 and 4-4 is diminished on addition of water vapour. 

These changes in the character and intensity of the radiation from 
the carbon monoxide flame on the addition of hydrogen and water 
are of importance for the study of the catalytic effect on the speed 





~ 


1124 GARNER AND ROFFEY: EFFECT OF THE ADDITION 


of flame discovered by Dixon (Phil. Trans., 1884, 175, A, 617), 
which was explained by him as due to the action of steam : 

(1) CO + H,O —~- CO, + H, 

(2) 2H, + O, —~ 2H,9, etc. 

Bone, from the above changes in the ultra-violet spectrum and 
from the fact that the gas dried for two years over phosphoric oxide 
can still give rise to flame, concludes that two independent reactions 
occur in this flame: (1) a dry reaction, and (2) a reaction catalysed 
by steam. 

The mechanism of catalysis suggested by Dixon is based on a 
chemical explanation of the catalytic effect. There is, however, an 
alternative interpretation of the increased speed of flame caused by 
the addition of hydrogen or water vapour, viz., that it is due to 
physical processes, e.g., to collisions of the second kind. The fact 
that the radiation from the carbon dioxide molecules produced in 
the flame is reduced on the addition of hydrogen is suggestive in this 
connexion. Energy which is emitted as radiation in the absence of 
hydrogen is retained within the reacting gases when it is present, 
and this energy must be available in one form or another for facilitat- 
ing the chemical change. Thus, a physical explanation of the 
phenomenon is not ruled out by the experimental evidence. A 
typical mechanism, illustrating a catalytic effect due to collisions 
of the second kind, is shown in equations (3)—(6) : 

(3) 2CO + O, —~ 2C0,’ 

(4) CO,’ —— CO, + hv 

(5) CO,’ + X —~ CO, + X’ 

(6) X’ + O0, —— X + O,’, etc., 
which illustrate the formation of activated molecules of carbon 
dioxide by the chemical change (3), their deactivation by emission 
of radiation (4) and by collision with a third substance X (5), and the 
transference of the energy from X’ to one of the reactants (6). This 
chain mechanism provides an explanation of the decrease in radi- 
ation on addition of hydrogen, and is also in agreement with the fact 
that the addition of substances which do not increase the speed of 
the reaction, ¢.g., nitrogen, oxygen, carbon monoxide, carbon 
dioxide, etc., does not decrease the emission of radiation. 

It is not improbable that both the chemical and the physical type 
of catalytic effect are present in flames. In order to determine the 
extent to which these two typesof effect occur in the carbon monoxide 
flame, the following investigation was undertaken. 


EXPERIMENTAL. 


The experimental method employed has been described in previous 
communications (locc. cit.), and only a broad outline of the methods 
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used is now given. The gaseous mixtures, enclosed in a cylindrical 
phosphor-bronze bomb, are ignited at one end of the bomb by the 
fusion of thin iron wire (this may be replaced by a thin platinum 
wire), a 12- or 24-volt battery being used as a source of current. 
The radiation from the flame emerges through a fluorite window in 
the bomb and is measured by a Moll thermopile and a Downing 
galvanometer. Fig. 1 shows the arrangement for drying and storing 
the gases. Carbon monoxide was prepared from pure formic acid 





















































and sulphuric acid, and oxygen by heating pure permanganate. 
The hydrogen was added in the form of electrolytic gas. 

The carbon monoxide was stored in glass vessels over water in the 
majority of the experiments recorded here (A,, Fig. 1), it having 
been found that a metal gas-holder evolved sufficient hydrogen to 
the gas to vitiate the results for low hydrogen concentrations. The 
oxygen after drying was stored over mercury (A,). The dried gases 
were mixed in the proportion 2CO : 10,, and stored in a gas holder 
over mercury (B). The gases were further dried by standing 
for one hour over phosphoric oxide, which had not been distilled in 
oxygen before use, but was practically free from phosphorous oxide. 
The pentoxide gave no precipitate with the mercuric chloride test, 
but gave a positive test for trioxide by the silver nitrate method. 
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A lengthening of the period of contact of the gases over pentoxide 
did not affect the radiation emitted or the speed of flame. Contact 
with pentoxide over-night or for several days had no effect. The 
water present in the walls of the bomb was troublesome to remove, 
especially after explosions of mixtures containing hydrogen. Drying 
for one hour with a Hyvac pump was not sufficient to remove this 
water, but, by using a Ley bolt condensation pump in conjunction 
with the Hyvac pump, and pumping for one hour, steady and 
reproducible values for the radiation and speed of flame were 
obtained. Further evacuation did not alter the values. After 
experiments with flames containing large quantities of hydrogen, a 
longer period of evacuation must be employed before carrying out 
experiments on hydrogen-free mixtures. Although it is unlikely 
that the whole of the water vapour in the walls of the bomb was 
removed by this treatment, the water escaping from the walls into 
the gases during an experiment of 5—10 minutes’ duration must be 
very small. The percentage of hydrogen present in the gases after 
this treatment could not be very large, for 0°005% of hydrogen, when 
added to these gases, practically doubled the speed of flame, and 
reduced the radiation by 15%. Further experiments are now being 
carried out in a rustless steel bomb, which can be heated in a vacuum 
at 300—400°, and this will make it possible to carry the investigation 
into the region of smaller hydrogen concentration. The method of 
introducing electrolytic gas is shown in Fig. 1, which is self- 
explanatory. 

The speed of flame movement was measured simultaneously with 
measurements of radiation by the method described in previous 
papers. The only modification of note was the replacement of the 
falling-plate camera by a revolving drum carrying negative paper. 
This made it possible to measure the speeds of movement of flame 
with greater accuracy. Considerable experimental difficulties were 
experienced before the Einthoven galvanometer could be made to 
yield trustworthy results. The trouble appeared to be a leak of 
alternating current to the instrument, and was minimised by 
insulating all of the recording apparatus and by earthing the field 
magnets through a resistance. 

Two bombs were used, both of 2-5 cm. internal diameter, one 40 
and the other 80 cm. long. The longer bomb was provided with 
three pairs of insulated electrodes mounted at intervals of 10, 32-5, 
and 73-5 cm., respectively, from the firing plug, itself placed 3—4 
em. from the valve end of the bomb. The platinum wires of the 
insulated electrodes penetrated 3 mm. into the bomb, and the tips 
of each pair were separated by 2-5 mm. These were used in the 
measurement of speed of flame. 
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The deflexions of the Downing galvanometer were sometimes 
observed visually and sometimes photographically. The error in 
the visual readings was about 2 mm. on a deflexion of 40 cm. 

Preliminary Series of Experiments.—In this series, a metal gas- 
holder was used for storing carbon monoxide, and hence the explosive 
mixture may have contained small amounts of hydrogen. The 
small bomb was used, and the experimental arrangement was 
practically that of the preceding paper. A Hyvac pump was used 
in evacuation. No speeds of flame were measured. The results 
are shown graphically in Fig. 2, each point shown being the mean 
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of a number (4—8) of readings. The fall in radiation on addition 
of hydrogen is very marked. 

Series with the Long Bomb : Speed and Radiation Measurements.— 
The individual experimental results for this series are all shown in 
Figs. 3 and 4. The galvanometer deflexions are plotted against the 
°% of hydrogen added in Fig. 3, and against 1/log speed in Fig. 4. 
For the small percentages of hydrogen (less than 0-02%), the 
deflexions were not proportional to the radiation received by the 
thermopile, and this was found subsequently to be the cause of the 
apparently irregular results with the dried gas mixture. For the 
slowest speeds of flame, with a galvanometer period of 2 seconds, 
it is necessary to record the deflexions by a photographic method, 
and to measure the area below the curve so obtained. 

The measurements of the velocity of movement of flame were 
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usually made between electrodes 63-5 cm. apart. The time taken 
for the flame to travel between these two electrodes could be 
measured accurately. In a few cases, the speed was also measured 
between electrodes 1 and 2 which were 22-8 cm. apart. At this 
distance, there was sometimes interference between the deflexions 


Fia. 3. 
48 


0-02 004 0-06 0-08 O10 O12 
Hydrogen, %,. 


caused by the flame passing the two pairs of electrodes. The 
trustworthy results obtained are given below : 


Radiation emitted 44-3 426 41-3 39:9 23-4 190 14:7 
Mean speed omen) sive 49 120 128 180 256 313 1100 


between electrodes. (1—3. 61 147 149 244 240 423 1140 


The average speed of flame between the first and the second 
electrode is usually somewhat smaller than that between the first 
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and the third. There is, however, no very marked increase in the 
speed of the flame as it moves along the bomb. This was shown 
previously to be the case for the smaller bomb (compare Garner and 
Johnson, J., 1928, 290). The dry mixture without hydrogen is 
exceptional; for this mixture the speed between the first and second 
electrodes is greater than that between the second and third. The 
speeds recorded subsequently are in all cases the average speeds 
between electrodes 1 and 3, placed 63°5 cm. apart. 


Fic. 4. 


s 
3 
3 
8 29 


0-61 0-51 “0-41 0-31 
1/ log S. 


The main feature of Fig. 3 is the step on the curve; the region 
between 0-02 and 0-04% of hydrogen is an unstable region in which 
samples of one and the same mixture give deflexions which lie on 
one or other of two definite curves. One or two intermediate points 
were found. In this region, there is a sudden change in the nature 
of the Einthoven records (see later). The results for quantities of 
hydrogen greater than 0-10% are not included in Fig. 3; the mean 
values for all concentrations of hydrogen are, however, given in 
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Table I, where the deflexion is a measure of the radiation, and u and | 
refer to the upper and lower curves, respectively. 

The step also occurs at the same percentages of hydrogen in 
Fig. 4. The logarithmic scale is employed for the speeds of flame 
movement, partly for convenience in plotting, and partly for 
theoretical reasons. The composition-log speed curve shows 
evidence of the existence of a slight step which is, however, nearly 
masked by the experimental error. In a number of experiments 
(see below) where the emission of radiation varied considerably, 
nearly identieal speeds of flame were obtained. Thus it is improbable 
that the decrease in radiation at the step at 0-02—0-04% hydrogen 
is due to changes in the speed of flame movement. 


Expt. No. H,, %- Radiation (cm.). Speed (cm. /sec.). 
263 0-023 37-9 227 
264 s 23-6 243 
268 0-043 33-6 287 
269 99 26-6 282 


TABLE I. 
Radiation and Speeds of Flame. 


Deflexion Mean speed 
(cm.). (cm. /sec.). H,, 
u. , u. ‘ %- 
44-7 0-05 
42°5 0-07 
40-6 0-10 
0-20 
0-30 
0-50 
0-67 
1-00 


Mean speed 
(cm. /sec.). 
l. 
597 
649 
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order of the above experiments was haphazard. Measure- 
ments with mixtures with the higher percentages of hydrogen some- 
times preceded and sometimes followed those with the lower per- 
centages. The points lying between the two curves are not included 
in the means. The speed of flame for the dried gases containing no 
hydrogen was 45—55 cm./see. Lower speeds of flame have since 
been obtained by Mr. D. H. Hall with another apparatus.* 

Effects of Small Quantities of Hydrogen on the Radiation Emitted.— 
The upper region of curves (Figs. 3 and 4) was further investigated. 
In these curves, the deflexions given for the gases containing 

* With a new experimental arrangement, the following limiting speeds 
were obtained for the dried gas mixture : 

Dried with commercial P,O,,, 39—-41 cm. /sec. 
oo distilled P,Oj,35—37 _ ,, 

The difference is not so great as that which occurs on changing an old 

phosphoric oxide tube attached to the pump for a new tube. 
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percentages of hydrogen up to 0-01% require correction on account 
of departure of the galvanometer deflexions from ballisticity. The 
necessary correction was obtained by using a photographic method 
of recording the deflexions. A very accurate clock motor was lent 
to us by Professor Buckmaster for this purpose. The records taken 
on this instrument were time-marked in fifths of a second. The 
areas under the curves, which are proportional to the radiation 
falling on the thermopile, were measured, and by plotting these 
areas against the maximum deflexions, a correction curve was 
obtained. This was used to correct the points in Figs. 3 and 4. 
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Vv H;,. 
The corrected results, together with the new figures, are given in 
Fig. 5, the radiation being plotted against VH,. 

The corrected values for the radiation are also employed in Fig. 6, 
where are given the radiation—log speed curves for small percentages 
of hydrogen (I) and of water vapour (I1). 

In Table II are given the results of a typical series of experiments 
in the region 0-00—0-016% of hydrogen, determined. by the above 
method ; the value shown against the bracket in each case is the mean 
of the bracketed values. 

Effect of Water Vapour on the Radiation and Speed of Explosion 
of Carbon Monoxide and Oxygen.—Water vapour, which has a 
similar effect to hydrogen on the phenomena of the carbon monoxide 
flame, was introduced into the evacuated bomb from a small bulb 
containing water at a constant temperature lower than that of the 
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Maximum Area (in Maximum Area (in 
deflexion arbitrary Expt. deflexion arbitrary 
(cm.). units). No. » Ae (cm.). units). 

6-70 29-7 579 5-30 19-2 

700 lo 30-7;30-0 580 eile 20-0 | 19.9 

6-90 29-6 581 5-25 18-8," 
5-20 19-2 


6-65 28-1 582 
6401.4 25-0(,-, 604 5-40 21-4 
620/93 924.6/25* 606 530|s9 190} 107 


6-05 23-9 607 5°25 19-8 


5-90 23-4 
5-80|, 4 22-6 
5-85 21-7 
5-95 | 22-6 


22-6 
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room. The dry standard mixture was then introduced into the 
bomb and left for a period of time (one hour) sufficient for complete 
mixing with the water introduced previously. The time of satur- 
ation with water was increased until reproducible results were 
obtained. Erratic results, obtained when the bulb containing ice 
was kept below 0°, were probably due to the great absorptive 
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capacity of the walls of the bomb for water vapour. It was not 
found possible to complete the composition—radiation curve for 
water vapour. The results obtained from mixtures saturated at 
temperatures above 0° are here compared with those for hydrogen : 


H,O’or H,, % 0-00 0-60 1-02 1-95 
13-6 10-4 


Mean deflexion (cm.) { z . 8-8 
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Johnson (Phil. Mag., 1928, 5, 301) showed that 2:3% of the gross 
heat of combustion was emitted as radiation for a mixture of 2CO + 
O, containing 1-95°% of water vapour. Taking this figure as a basis 
for calculation, we find that 19-5% of the heat of combustion is 
emitted in the case of the gas free from hydrogen. 

Fortunately, it was possible to complete the radiation—log speed 
curve with water, since for this purpose it was not necessary to know 
the percentage of water vapour in the mixture. The results are 
shown in Fig. 7. The upper portion of the curve, corrected to values 
proportional to the radiation emitted, is given in Fig. 6, curve IT. 
These results show that qualitatively the action of water and 
hydrogen is the same. The curve for water lies a little to the left 
of that for hydrogen. 

Ionisation Phenomena.—The employment of the Einthoven 
galvanometer in the measurement of the speeds of flame has led to 
the accumulation of a certain amount of information on the effects 
of the addition of hydrogen on the ionisation in the flame. The 
information is qualitative in significance, for no attempt was made 
to obtain quantitative results. The figures in Table III are the 
means for a large number of experiments. 


Taste III. 


Velocity of Maximum Persistence of 
_ flame conductivity ionisation 
(cm./sec.). (arbitrary units). (sec.). 
51-0 10 
150 50 
175 80 
237 90 
409 * 150 * 
281 130 
394 * 200 * 
1150 360 
1883 600 
4740 1200 


* Lower curve, Fig: 4. 


The maximum conductivity increases 120-fold on passing from the 
dry mixtures to those containing 2% of hydrogen. The effect of the 
addition of larger quantities of hydrogen has been studied previously 
by Saunders and Sato (T'rans. Faraday Soc., 1927, 23, 254). 

The character of the Einthoven records undergoes marked 
changes as the percentage of hydrogen in the flame increases. 
With no hydrogen, the deflexions are single and very broad. On 
the addition of 0-01% of hydrogen or less, double peaks make their 
appearance at each deflexion, and this character is retained by the 
explosions represented on the upper curves in Figs. 3 and 4. Below 
the step on the radiation curves, the ionisation peaks become single 
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and give much sharper maxima. The experiments giving radiation 
values on the lower curve show single maxima of this type without 
exception. The typical double maxima of the upper curve suddenly 
give way to the sharp peaks of the lower region. Typical curves_are 
shown in Fig. 8. In the earlier experiments (J., 1928, 280), ‘the 
Einthoven records were either of type II or III. The “ dried ” gas 
was not sufficiently freed from water to give the maximum radiation 
from the flame, the minimum speeds of flame, or curves of type I. 
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In the present series, the pump used to remove traces of water from 
the walls of the bomb was more efficient than that employed in 
previous work. 

Combustion of the Gases.—Analysis of the gases left in the bomb 
after combustion showed that about 10% of the carbon monoxide 
was unburnt. This percentage did not change very much through- 
out the above series of experiments, indicating that a definite 
fraction of the gas was chilled by the walls of the bomb in all cases : 


H,, % 0-10 2-0 
90-2 91-9 
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Radiation from the Hot Gases in the Flame.—The investigations of 
Paschen (Ann. Physik, 1894, 52, 214) show that carbon dioxide 
emits its typical radiation at high temperatures, so that some part 
of the radiation from the flame must be due to thermal causes. 
The thermal emission will be the greater the slower the cooling of the 
products of combustion, and for a large mass of burning gas which 
cools slowly, the thermal emission would be expected to mask any 
chemiluminescence that may possibly occur. It is clear, therefore, 
that the chemical effects are best studied under conditions of rapid 
cooling. The incompleteness of combustion shown by the above 
figures indicates that in our experiments the cooling is rapid. The 
phenomena described in this paper could not be observed at all 
accurately in the larger bombs used by David (Phil. Mag., 1920, 
38, 66). In large explosion vessels, the infra-red emission from the 
flame will consist mainly of radiation from the hot gases, and the 
effect of water or hydrogen on the radiation emitted will be very 
much smaller than in the above experiments. 

This appears to be the case from experiments of Bone, Townend, 
and Scott (Proc. Roy. Soc., 1928, A,120, 553), where at 64-4 atmo- 
spheres initial pressure, the addition of water did not increase the 
pressure generated in the explosion vessel. This would be expected 
were the radiation losses the same in the presence of water as in its 
absence. At high pressures, the increased rate of molecular 
collision, the increased absorption of radiation by carbon monoxide, 
and a relatively slow rate of cooling would militate against the 
observation of the above effect. 

The best conditions for the study of chemiluminescence from 
flames are provided by low-pressure flames under conditions of 
rapid chilling. The results obtained will throw light on the mechan- 
isms occurring in flame, and the information gained will be of value 
not only for the interpretation of low-pressure flames, but also for 
those flames where the conditions are such that the chemilumines- 
cence is masked by the thermal emission. 


Discussion of Results. 


Chemiluminescence.—The large decrease in the emission of radi- 
ation from the flame, which accompanies the addition of small 
quantities of hydrogen (a reduction of 30% for 0-016% of hydrogen) 
is a confirmation of the view expressed by von Helmholtz that the 
radiation from flames is very largely chemiluminescence. The 
reduction in the emission cannot have been brought about by 
changes in the extinction coefficient of the gases due to the addition 
of hydrogen. The percentage of this gas producing the effect is so 
small that neither it nor the water produced from it can absorb 
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infra-red radiation to a sufficiently great extent to account for such 
a marked reduction. Another explanation of the result, viz., that 
the temperature of the flame is reduced by the addition of hydrogen, 
is also unsatisfactory. The fact that the flames containing hydrogen 
lose less radiation than those of the hydrogen-free gases must mean 
that the former give the hotter flame. 

If further confirmation of the view of von Helmholtz be needed, 
it is to be found in the behaviour of the flame on dilution by inert 
gases. The emission of radiation during the combustion of carbon 
monoxide is the greater the lower the temperature of the flame 
(compare Ind. Eng. Chem., 1928, 20, 1009). 

The emitters of the radiation are the freshly formed molecules of 
carbon dioxide, which are activated ‘as the result of the chemical 
change (3) (see p. 1124). These molecules may become deactivated 
by the emission of this energy as radiation (4), or by collisions of the 
second kind (5). It is possible to account for the decrease in the 
radiation on addition of hydrogen by ascribing to this gas, or to one 
of its products in the flame, a property which is possessed to a smaller 
extent by other gases, viz., that it can readily remove the internal 
energy of carbon dioxide molecules by collision. This process is 
indicated by equation (5), the occurrence of which decreases the 
number of molecules deactivated by (4). Thus the emission of 
radiant energy is reduced. 

An alternative explanation is that the hydrogen brings about a 
reduction in the radiation by modifying the mechanism of the 
reaction, thus : 


(7) CO + H, + 0, —~> CO,’ + H,0. 


It is conceivable that molecules of carbon dioxide so produced may 
not be activated to the same extent as when produced by (3). The 
chemiluminescence from molecules of carbon dioxide when pro- 
duced by reaction (7) may be quite small. This also applies to the 
Dixon mechanism [(1) and (2), p. 1124]. 

General Characteristics of Flames containing Hydrogen.—The 
Einthoven records indicate that there are at least three distinct 
processes involved in the combustion of carbon monoxide in the 
presence of hydrogen. The flame of the hydrogen-free gases differs 
from one containing up to 0°04% of hydrogen, which in turn differs 
from one containing above this percentage. The dry flame passes 
into the second type of flame without discontinuity occurring in the 
speed of flame movement or in the radiation emitted. These 
properties change gradually, the former increasing and the latter 
decreasing as hydrogen is added. The flame containing less than 
004% of hydrogen differs from that of the gases containing no 
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hydrogen in that in the former the flame is composite in character, 
possessing two distinct zones of ionisation. 

The second type passes into the third more abruptly. There is a 
rapid fall in radiation at nearly constant speed of flame, and the two 
zones of ionisation are replaced by one. The third type is the only 
flame which occurs with the production of sound. 

Interpretation —At the present time, insufficient is known about 
the phenomena of flame to make it possible to interpret these results 
with any degree of completeness. The value of any interpretation 
suggested to account for the facts will lie mainly in its usefulness as 
a working hypothesis and in its suggestiveness for further experi- 
ments. 

It is suggested that the nafure of the flame reactions when less 
than 0-02°% of hydrogen is present is different from that at higher 
percentages. If we designate the reaction occurring at low con- 
centrations of hydrogen by A, and that at high concentrations by B, 
then the interpretation of the step on the above curves is that 
reaction A is more rapid at low, and reaction B more rapid at high, 
hydrogen concentration. At the step itself, it is suggested that 
reactions A and B possess similar speeds, and, in this region, slight 
changes in the conditions of firing, etc., lead to the predominance 
of either reaction in any particular experiment. 

In the region where A is dominant, there aretwo ionisation maxima 
on the Einthoven records. These maxima are an indication that 
the flame is divisible into two parts following one another, and that 
possibly reaction A occurs in two distinct stages. Since the double 
maxima disappear below the step, these two stages may occur 
simultaneously in reaction B. 

Logarithmic Relationship between Speed of Flame and Radiation.— 
The logarithmic relationship found to hold between speed and 
radiation (see Figs. 4 and 6), which resembles that between the 
velocity coefficient of chemical change and temperature, can be 
expressed as 1/log S’ = — Nr’ + M, where S’ is the speed when 
the radiation = r’, or log 8S’ = 1/(M — Nr’), M and N being con- 
stants. When 7’ = 0, log S,=1/M, S, being the maximum 
speed; and hence 


log S, — log S’ = Nr’/M(Nr’— M). . . (8) 


This equation can be derived from the Arrhenius equation, 
log k= C+ A/RT. Stevens (Ind. Eng. Chem., 1928, 20, 1018) 
has shown that the speed of flame of mixtures of carbon monoxide 
and oxygen at constant pressure is given by S = K{CO}{O,], which 
is of the same form as the velocity equation dx/dt = K{CO}(0,), 
indicating that there is a linear relationship between K and some 
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velocity coefficient, k, which controls the speed of flame. The 
precise significance of & in the flame is not known. It may be that 
the velocity coefficients of the reaction change according to the same 
law across the flame front for all mixtures of carbon monoxide and 
oxygen, and the value of & for any zone in the wave front may be 
said to control the speed of flame. 

In our experiments with this flame, the concentrations of carbon 
monoxide and oxygen are constant throughout. The percentages 
of hydrogen and the losses of radiation, however, vary. In each 
zone in a flame, the loss of radiation is proportional to the amount 
of chemical change. The temperature of these zones will also be 
proportional to the amount of chemical change, so that any variation 
in the total radiation from the flame will probably affect the 
temperature of each zone by a constant fraction. This will be only 
approximately the case, since the specific heats vary with tem- 
perature, and the emission of radiation varies slightly with the 
temperature. This fraction will equal cr’/7', where c is a constant, 
r’ is the loss of radiation, and 7’ the temperature at any point in 
the flame front when there is no loss of radiation. 

Now, since 8S’ = k{CO}[O,], where & is the velocity coefficient at 
any point in the flame front, log S’ = C’ + A/RT’, where T’ = 
(7 — cr’) and C’ is a constant. Hence 


log S’ = C’ + A/R(T — er’), 
log S,, = C’ + A/RT, 
and log S,, — log 8’ = Acr’/RT(cr’ — T) - 1 ae 


This is of the same form as (8), but until the result obtained by 
Stevens is more clearly understood, the similarity cannot be stressed. 
Also, the speeds given in this paper are average speeds of flame 
movement, and if any arrest in the speed of flame occurs between 
the electrodes used in measuring this speed, the applicability of the 
above argument is weakened. 


Summary. 


The effect of hydrogen and water on the emission of radiation and 
the speed of flame of mixtures of hydrogen and oxygen has been 
studied. On addition of hydrogen or water the radiation from the 
flame decreases as the speed of flame increases. There is little 
difference between the effects of the two gases. At 0-02—0-04% 
of hydrogen, there is a critical region, where the radiation from the 
flame falls abruptly and the properties of the flame undergo a marked 
change. The radiation-composition and radiation-speed curves 
give a step at this point. 

Logarithmic relationships are found to hold between the speed of 
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flame and the radiation emitted. These apply to mixtures above 
and below the step respectively. They afford support for the 
“ energothermic ”’ theory of the catalysis. 

The step on the radiation curves is considered to be due to a 


change in the nature of the chemical reaction. 
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CL.—The Effect of Gases on the Electric Charges 
Developed by Heated Metals. 


By Donatp Hues BaneuaM and Doveias Rostron Lewis. 


Ir was shown by Hartley (Proc. Roy. Soc., 1914, A, 90, 61) that a 
metal surface, when heated in contact with different gases, tends to 
become charged to a definite potential characteristic of each gas. 
Working with a roll of gold gauze, suspended inside a glass vessel 
by a sealed-in gold wire which connected it to an electrometer, he 
found that when the apparatus was heated, not only did the gauze 
become charged, but the effect could be repeated an indefinite 
number of times between successive earthings. It follows that if 
the gauze were maintained—by earthing or otherwise—at a potential 
other than the equilibrium one, the system must have furnished a 
continuous current tending to produce the equilibrium conditions. 
It was to elucidate the nature of these currents and the chemical 
changes associated with their production that the present investig- 
ation was undertaken. Hartley’s own suggestion is that the effects 
are due to “‘ deeply occluded ” gas leaving the metal in a charged 
condition. 

Whilst endeavouring to reproduce Hartley’s experimental con- 
ditions, the authors have centred their attention, not on the 
equilibrium potentials themselves—it soon became evident that 
only qualitative agreement with Hartley’s results could be hoped 
for—but on the rate of development of the charges, i.e., the magni- 
tude of the currents. 


EXPERIMENTAL. 


Apparatus —A sketch of the reaction vessel is shown in Fig. 1. 
The wide Jena-glass tube, A, was drawn down at both ends to 
make a cylindrical bulb about 10 cm. long. The quill tubes, B 
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and C, sealed to soda-giass leads at B’ and C’, communicated 
respectively with the gas train and the pump. The gold gauze, 
rolled into a narrow cylinder 5 cm. long, was suspended centrally 
in the vessel by a gold wire carried through a glass capillary, D, 
secured in its place by an ebonite plug. The seals between wire, 
capillary tube, plug, and side arm of the reaction vessel were 
successfully made with sealing wax, a McLeod gauge sealed to the 
gas train show- 

ing no trace of 

leak when the 
apparatus was ——== 
evacuated and D 
left standing ° 
for long periods of time. The 
electrical insulation at this joint 
was also satisfactory, but this 
was by no means the case with 
other forms tested. 

Both high- and low-pressure 
gauges were provided in the gas 
train, the latter being, as already 
stated, of the McLeod type. In 
addition to phosphorie oxide 
drying tubes, the train also 
contained a tube packed with 
silvered glass wool (thoroughly 
freed from gas) to prevent access 
of mercury vapour to the re- 
action vessel. A similar device 
was used in conjunction with 
the condensation and Toepler 
pumps used to evacuate the 
apparatus. 

To heat the reaction vessel, 
a specially wound tube-furnace () B 
was constructed ; this was pro- 
vided with an earth-connected lining to screen out the disturbing 
eflects of the heating current. With proper precautions, it was 
found that the heating current could be switched off for some 
seconds without in any way influencing the results obtained. 

The electrometer, which was of the Dolezalek pattern, was shielded 
by enclosing it in a tin box supported on shock-absorbers. One 
pair of quadrants was permanently connected to earth, and the 
second to earthing and “ mutating” keys placed inside the box. 
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The mutating key permitted connexion to be made, as desired, to 
the gold electrode, the potentiometer, or both. Careful experi- 
ments were made to test the trustworthiness and sensibility of the 
electrometer system, to determine its optimum working conditions, 
and to eliminate stray fields by the provision of suitably placed 
screens and guard rings. Throughout the series of experiments 
with gases, the electrometer needle was charged to 132 volts; the 


Fia. 2. 
Oxygen at 468°. 


Time (minutes). 








Pressures (in mm.). 


yh... 2a. Ws.) % VI. Vil. VIII. IX. X. XI. 
152 59 25 80 1°83 0307 0-038 0°0175 0-0081 0°0023 <0-0002 


phosphor-bronze suspension used gave, under these conditions, 4 
deflexion of 52 scale divisions per volt. 

Experiments with Oxygen.—Dry oxygen was admitted to the 
reaction vessel to a pressure of ca. 400 mm., and the temperature 
gradually raised. No appreciable charging-up was observed at 
Hartley's working temperature (ca. 370°), and it was not until 
about 100° higher that the charging rate became conveniently large. 
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Systematic measurements were made at two temperatures, viz., 
468° and 497°, the procedure being as follows: (i) The insulated 
quadrants were placed in communication with the gold electrode, 
the earthing key being down; the latter was then lifted and the 
deflexion of the needle noted after definite intervals of time (see 
curves A, Fig. 2). (ii) The gauze was charged to — 3 volts and 
the deflexion noted; connexion to the potentiometer was then 
broken, and the rate of discharge observed (see curves B). (iii) The 
gauze was charged to + 3 volts and the same procedure followed 
(curves C). 

Part of the gas was then removed by means of the pump, and a 
new series of measurements taken at a lower pressure. The process 
was continued until the pressure of gas remaining could no longer 
be measured with accuracy. 

It was found important to adopt a uniform plan of procedure 
throughout the experiments, since the results obtained depended 
(as indicated below) on the past history of the gold gauze. For 
this reason experiments (i), (ii), and (iii) were carried out at each 
pressure in the order stated. 

Discussion of Results with Oxygen.—The results of experiments 
carried out with oxygen at 468° are shown graphically in Fig. 2. 
A study of these diagrams leads to the following conclusions : 

(i) The rate of attainment of the final equilibrium potential is 
considerably retarded by the presence of oxygen, even at low 
pressures. 

(ii) The non-appearance of the effect observed by Hartley (i.e., 
the charging-up from zero potential) at high oxygen pressures is 
probably due to this retardation, and does not indicate that the 
equilibrium potential is zero in such cases. 

(iii) Increased pressure of oxygen causes a marked shift of the 
equilibrium potential towards the positive side, as indicated by 
the intersection of the high- with the low-pressure curves B in 
Fig. 2. It remains an open question whether, at still higher pres- 
sures, this displacement would be sufficient to give rise to the 
positive equilibrium potential observed by Hartley in the case of 
oxygen. 

(iv) The mode of approach to the equilibrium potential is widely 
different according as the equilibrium value is approached from the 
positive or from the negative side. In the latter case, the rate of 
change is a highly sensitive function of the momentary potential ; 
in the former, it is markedly insensitive, the rate being nearly 
uniform. ) 

Explanation of Curves in Terms of Thermionic Emission Theory.— 
The dissimilarity in form between the B and C curves is readily 
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explicable if it be supposed that the leakage currents are carried 
mainly or entirely by ions of one sign between the hot metal and 
the glass wall of the containing vessel, which acts as a second 
electrode. Since, at the low temperatures used, it is the positive 
emission which is predominant, it may be safely presumed that the 
carriers are positive ions. 

Supposing a positive potential to be given to the gauze (curves 
C), a very weak field suffices to drive all the ions emitted by it 
across to the glass wall, simply on account of the size of target 
which the latter offers. For the same reason, ions emitted by the 
wall are also made to return. The current is therefore saturated, 
or nearly so,* and does not decay until the potential of the metal 
has fallen nearly to its final or equilibrium value. 

If, on the other hand, a negative potential of 3 volts is given to 
the metal, the carriers are the positive ions emitted by the glass 
wall. There is little difficulty in crediting glass with the power of 
emitting such ions: it was shown by Richardson that the positive 
emission from a well glowed-out wire could be enormously increased 
if the walls of the glass containing vessel were only slightly heated.t 
Since, however, the metal electrode offers only a small target as 
compared with the emitting surface, the proportion of ions reaching 
the former is a highly sensitive function of the field strength. The 
feebler the field, the greater will be the proportion of ions reabsorbed 
by the wall. 

The Nature of the Ions.—As regards the identity of the positive 
carriers, there are two possibilities to be considered : they may be 
either (i) charged atoms or molecules of oxygen, or (ii) ions of the 
type shown by Richardson to result from heating new metal wires 
in a vacuum. Type (i) was found by Richardson (op. cit., pp. 30 
et seq.) to result when platinum is heated in oxygen to temperatures 
of 700° and above. 

In striking contrast to the results of the experiments here 
described, Richardson found that this emission tmcreased with the 
pressure of oxygen, the saturation currents being nearly propor- 
tional to the pressure when the latter was small. There is little 
reason, therefore, to identify as type (i) the emission from a gold 
surface at a temperature some hundreds of degrees lower. 

On the other hand, if the above explanation of the function of 

* As will be shown later, the ionic currents were far too small to give rise 
to “space charge ”’ effects. 

+ Richardson, “‘ The Emission of Electricity from Hot Bodies,’’ Longmans, 
2nd edtn., p. 203. Since the usual procedure in thermionic experiments is 
to work with electrically-heated wire sealed by heavy leads inside a cold 


vessel, it is clear that the emissive power ascribed to glass would not be @ 
disturbing factor. 
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the glass wall is correct, we must ascribe to the metal gauze all the 
properties of “new ”’ wires described by Richardson, and identify 
the ions as those of potassium and sodium (idem, ibid., p. 210), 
for even at the high temperatures used by him, Richardson found 
that unless the metal filament were well glowed-out, these ions, 
though present only as impurities, entirely masked the positive 
emission due directly to the oxygen. So far from this being practic- 
able in our experiments, the conditions were actually those which 
favoured the revival of type (ii) emission in “‘ glowed-out ”’ wires : 
there can be little doubt, therefore, that the observed effects were 
due to alkali-metal carriers. 

The Réle of the Gas.—Since, after the partial removal of gas from 
the system, the leakage currents did not attain the values char- 
acteristic of the new pressure until after the lapse of some time, it 
follows that the electrical effects were conditioned, largely at any 
rate, by absorbed or occluded oxygen, and not directly by the 
pressure of dead-space gas. On this basis only does it become 
explicable that, although the general effect of a pressure reduction 
was invariably to increase the leakage currents, the gradual 
accumulation of occluded gas in the dead space (following such a 
reduction) was associated with an increase in the current strengths 
under corresponding conditions. 

The following table, based on a series of experiments carried out 
at 497°, illustrates this point; it is important to note that since 
the currents approximate to saturation, the results are not affected 
in any way by what is happening at the glass wall. 

The values of the “‘ limiting deflexion ” given in the table indicate 
that a similar argument applies also to the “‘ equilibrium ”’ potential, . 
which displays a noticeable drift with time. In this case, however, 
the drift may be partly associated with processes taking place at 
the second electrode, i.e., the glass wall. 


Time after Deflexion in Limiting 
pressure reduction first minute after deflexion Pressure 
Expt. (mins.). earthing (mm.). (mm.). (mm.). 


XIE A’ sidan 


XII A” { aoe —23 


—40-5 0-0102 
—41-5 0-0105 


wee 68 —35 — rar < 
XII A i 70 = 42-9 0-0116 


It has been established by Richardson and Robertson (Phil. 
Mag., 1922, 43, 162) that the influence of occluded gas on the 
electronic emission of metals is due primarily to their effect on the 
contact #.M.F., which is a measure of the work ¢ necessary to 
remove the electron from the interior of the metal to a point at 
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infinity. The effect of gases generally, and of oxygen invariably, 
being to depress the electronic emission, it follows that ¢ is increased 
thereby. Since an exactly corresponding effect must also be 
operative in the case of the positive emission, it seems at first sight 
that the effect of oxygen should be to increase this emission from 
the metal. There is, however, a material as well as the electrical 
factor here to be considered (Richardson, op. cit., p. 243), and it 
does not therefore follow that an influence which depresses the 
negative emission must stimulate the positive: on the contrary, 
the work done in removing both a positive ion and an electron 
to infinity must depend on the magnitude of the cohesive force 
in the interior of the metal, which may be considerably influenced 
by the presence of occluded gas (Bangham, Phil. Mag., 1928, 
5, 737). 

Measurement of True Ionic Currenits.—If a probable value is 
assigned to the capacity of the electrical system of which the 
insulated quadrants and the gold electrode form the extreme 
elements, approximate values of the currents may be calculated by 
taking tangents to the potential—time curves illustrated in Fig. 2. 
On the basis of a capacity of 10-1 farad, the family of curves VI 
to XI C is found to represent initial currents ranging from 5 x 10-14 
to 3 x 103 amp. These figures do not necessarily, however, 
represent the true ionic currents, for the reason that glass, even 
when hot, is but a poor conductor, and, by allowing the charges 
partly to accumulate on its surface, may give rise to induction 
effects. This accumulation continues until the leakage current 
through the glass (passing perhaps to the outer surface of the vessel, 
and thence to the earth-connected coil of piping) becomes equal 
to the ionic current passing between the electrodes. 

To eliminate these secondary effects from the measurement of 
the currents and from the determination of the characteristic 
potential—current curves, a static method of measurement was 
adopted. The apparatus was so modified that the gold electrode 
could be connected to the potentiometer either (i) as before, by a 
lead of negligible resistance, or (ii) through a known liquid resistance 
(about 10!2 ohms). 

The procedure was then as follows : A known potential was given 
to the gauze, and the deflexion noted. By means of the mutating 
key the high-resistance lead was then substituted for the direct 
one. Under these conditions the ionic current manifested itself by 
setting up an appreciable P.D. between the potentiometer terminal 
and the gold electrode. To measure the current, now flowing 
equally through all parts of the system, it was necessary only to 
note the difference between the new and the old deflexion, and 
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divide the corresponding voltage by the resistance of the liquid 
column. 

The graphs in Fig. 3 are typical of the results so obtained. The 
flat portions on the right represent the saturation positive-ion 
currents passing from the gauze to the wall when the former is 
positively charged ; these currents were of the order of 10-13—10-14 
amp. according to the temperature of the system and the pressure 
of the gas. With the gauze negatively charged, much greater 
currents (up to about 10-!*) were found, and here, as the graphs 
indicate, there was no approach to saturation. 


Fie. 3. 


Current-potential curves for oxygen vacuum. 
22) 











49 €° 





mod 


Abscissee = Potential of gold. 
Ordinates = Resultant current from gold. 


A comparison of the saturation currents at the two experimental 
temperatures (and otherwise corresponding conditions) permits a 
rough calculation to be made of the characteristic constant 6 in 
the thermionic equation i = AV/T'e~’T, where i is the (saturation) 
current and A a constant. Such calculations, though subject to 
considerable uncertainty on account of the smallness of the temper- 
ature range, indicate that 6 probably does not exceed 1-5 x 104. 
Since this constant never appears to fall below 3 x 104 in the case 
of the electronic emission from different metals, whilst in the case 
of the positive emission it certainly takes much smaller values 
(1:34 x 10in the case of silver; Richardson, op. cit., pp. 205, 206 ; 
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Brit. Assoc. Reports, 1904, 473), there can be little doubt as to the 
sign of the charges carrying the current. 

Experiments with Nitrogen and with Hydrogen.—Following the 
series described, similar experiments were carried out with nitrogen 
and hydrogen at 468°. The former gas gave results strikingly 
similar to those with oxygen. The equilibrium potentials were 
invariably lower (?.e., more negative) and the saturation currents. 
greater than at corresponding pressures of oxygen. 

With hydrogen the results were somewhat different. Even at 
the lowest working pressure (0-0238 mm.) the equilibrium potential 
was about 0-30 volt lower than the standard in vacuo measurement 
of 0-90 volt, whilst a 100-fold increase of pressure was without 
appreciable influence on its value. 

With regard to the magnitude of the currents, hydrogen at 80 mm. 
had very little effect on the initial current from the gold to the 
glass when the former was charged to + 3 volts and then insulated, 
although it had some effect on the initial ‘‘ post-earthing ” current. 
At lower pressures the effect of this gas was markedly to stimulate 
the positive-ion emission from the metal. At a pressure of 0-0238 
mm. the saturation current was nearly four times its normal in 
vacuo value. 


Summary and Conclusions. 


(1) The attempt here described to reproduce quantitatively the 
phenomena observed by Hartley has proved unsuccessful. This is 
by no means surprising in view of the known dependence of the 
effects in question on the past history of the metal. 

(2) Nevertheless, at the temperature used, oxygen was found to 
give rise to a positive displacement of the “‘ equilibrium potential,” 
and hydrogen to a negative. Whilst the displacement caused by 
the former gas was found to be a function of its pressure, that of 
the latter was independent of the pressure over a wide range. 

(3) The charging-up of the metal is in the nature of a Volta effect, 
depending on.an intrinsic difference of potential between the metal 
and the glass wall of the containing vessel. As such, it is dependent 
for its manifestation (but not for its existence) on the dynamical 
exchange of ions between the two surfaces. 

(4) Under the conditions of the experiments, the ions in question 
were neither electrons nor charged oxygen .corpuscles, but were 
probably of the same nature as those found by Richardson to be 
emitted from “‘ new ”’ wires of various metals; they are therefore 
identified as ions of potassium and sodium. 

(5) The power of the metal to emit these ions is diminished by 
the presence of occluded oxygen or nitrogen. Hydrogen at low 
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pressures stimulates the emission—a fact undoubtedly connected 
with the direction of its influence on the equilibrium potential. 


We wish to acknowledge the receipt of grants from the Royal 
Society and from the Brunner Mond Research Fund which partly 
defrayed the cost of this and parallel investigations. 


EGYPTIAN UNIVERSITY, CarRo. [ Received, March 20th, 1929.] 





CLI.—The Oxidation of Tungsten: Evidence for the 
Complexity of Tungstic Oxide, WO. 
By Joun Stantey Duny. 


TuE rate of oxidation of a metal such as tungsten is governed by 
the rate of diffusion of oxygen through the protective layer of 
tungstic oxide formed upon the metal as a result of the reaction. 
In these circumstances the oxidation law is parabolic, i.e., W? = Kt, 
where W is the weight of oxygen absorbed in time ¢, and K is a 
constant (Pilling and Bedworth, J. Inst. Metals, 1923, 29, 529). 
For most metals K increases regularly with temperature according 
to the equation K = Ae-®**, where A and Q are constants, 6 is the 
absolute temperature, and e and R# have their usual significance 
(Dunn, Proc. Roy. Soc., 1926, A, 111, 207). 

Since the properties of tungstic oxide determine the rate of 
oxidation of tungsten, abnormal variations in the latter are symp- 
tomatic of abnormal changes in the former. During the course of 
an investigation of the action of air upon tungsten at temperatures 
between 700° and 1000°, the rate of oxidation was found to vary 
abnormally between 850° and 900°. This is shown by the following 
values of K (in g.?/em.? per hour) and by Fig. 1, in which log K is 
plotted against 1/0. 


Temp. (C.) 700° 800° 850° 875° 900° 925° 950° 1000° 
i —— ——, 
Kx 10° 161 16-6, 225 40 18-0 17-9, 13-4 62-5 116 461 


It was suspected at first that the oxide was undergoing a sintering 
action at temperatures above 850°, giving in consequence a less 
permeable oxide film. Such phenomena have been encountered in 
the cases of aluminium, copper, and zine (Pilling and Bedworth, 
loc. cit.; Dunn, loc. cit., pp. 207, 215), but in these cases the form 
of the oxidation curve during sintering undergoes modification and 
is no longer a quadratic parabola with respect to time, whereas, 
for tungsten at 875°, the parabolic law was obeyed perfectly, as 

RR2 
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may be seen from the constancy of K (in g.?/em.? per hour) for the 
oxidation at this temperature : 


t(mins.) 10 20 30 50 60 80 90 105 120 == 170 
K x 10* 1-87 169 2-02 1:95 1:94 2-02 1:94 193 1-93 2-18 


It is therefore certain that the tungstic oxide is in equilibrium 
from the commencement of the experiment. The only hypothesis 
in accordance with the facts is that tungstic oxide is not a pure 
unary substance but consists of a mixture of «-WO, and 8-W0O,, 
the equilibrium between the two modifications shifting with tem- 
perature. The $-modification, which is formed in excess at higher 


Fie. 1. 
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temperatures, is less permeable to oxygen than the «-form, and in 
the temperature range in which the change from excess of 6 to 
excess of « occurs, a kink is found in the oxidation-temperature 
curve. 

Some support for this hypothesis is afforded by the colour of 
the oxide: at the ordinary temperature it is lemon-yellow, but at 
higher temperatures it changes to quite a deep orange. 


The author is indebted to the Council of the British Non-ferrous 
Metals Research Association for permission to publish this paper. 
[Received, April 3rd, 1929.] 
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CLIL.—The Partial Esterification of Polyhydric 
Alcohols. Part VIII. The Proposed Standards of 
Reference in Work on the Configuration of Glycerol 
Derivatives. 

By ARTHUR FAIRBOURNE. 


SmncE the publication of Part V (J., 1926, 3148; Ann. Reports, 
1927, 90), showing the illusory nature of synthetic processes for the 
preparation of “8”’-mono-derivatives of glycerol, Helferich and 
Sieber (Z. physiol. Chem., 1927, 170, 31; 1928, 175, 311) have 
made the true 8-monobenzoate by a method which seems capable 
of general application for 8-esters, and Hill, Whelen, and Hibbert 
(J. Amer. Chem. Soc., 1928, 50, 2235) have synthesised the true 
8-methyl ether, believed to be the first true 8-ether of glycerol ever 
isolated. 

Hibbert, Whelen, and Carter (J. Amer. Chem. Soc., 1929, 51, 302), 
referring to Part V of this investigation, and emphasising the 
difficulties of identification which have resulted, propose that the 
ethers of glycerol should now be adopted as the standards of 
reference in work on configuration, and mention that the isolation 


of the new compound renders available all five of the possible 
glycerol methyl ethers : 


I. «-Monomethyl ether (Irvine, Macdonald, and Soutar, J., 1915, 
107, 337). 

II. 8-Monomethyl ether (now isolated). 

III. «8-Dimethyl ether (Gilchrist and Purves, J., 1925, 127, 
2735). 

IV. «y-Dimethyl ether (Zunino, Atti R. Accad. Lincei, 1897, 
6, 348). 

V. «Sy-Trimethyl ether (Gilchrist and Purves, loc. cit.). 


Before these ethers are used as standards of reference, however, 
it is desirable that their structures should be thoroughly established : 
I, II, and V are clearly trustworthy, but it is doubtful (see Part VII, 
this vol., p. 129) whether the “ «8 ’’-dimethyl ether (III) really has 
the structure which Gilchrist and Purves assign to it. For the 
same reasons, the structure of the “‘ «y ’’-dimethyl ether (IV) also 
ought to be regarded as unproven. 

These two supposed isomerides ‘have been examined and found 
to be identical. One dimethyl ether (III or IV), therefore, is still 


unknown. 
A communication will be made later on the similar preparation 
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recorded by Gilchrist and Purves (loc. cit.) for the “ « ’’-methyl 
ether (1). 


EXPERIMENTAL. 


Glycerol Dimethyl Ether (III or IV).—Glycerol “ «8 ”-dimethyl 
ether, prepared from «y-dichlorohydrin by Gilchrist and Purves’ 
method (loc. cit.), and glycerol “ «y”’-dimethyl ether, prepared 
from epichlorohydrin by Zunino’s method (loc. cit.), could not 
be distinguished from each other, both possessing specifically 
identifying properties recorded by Gilchrist and Purves. As 
glycerol isomerides of low molecular weight, differing by the inter- 
change of groups in the «- and §-positions, exhibit appreciably 
different characteristics, there is no doubt that the above products 
are identical. Their being so is in accordance with Zunino’s own 
expectations. He pointed out that the two methods normally lead 
to an identical product, and instanced glycerol diethyl and ditsoamy] 
ethers (Reboul, Annalen, Suppl., 1862, 1, 238), which were pre- 
pared in both these ways. 

That Gilchrist and Purves’ alternative preparation from «-di- 
bromohydrin also yields the same product has already been proved 
by them (loc. cit.). The preparation has, however, been repeated, 
and the product found indistinguishable from either of the two 
specimens mentioned above. 

This work has been closely paralleled by Boyd and Marle (J., 
1901, 79, 1221; 1908, 93, 838; 1909, 95, 1807), who, using phenol 
instead of methyl alcohol, investigated all three of these reactions 
and obtained an apparently identical glycerol diphenyl ether in 
each case. 

p-Nitrobenzoyloxydimethoxypropane, NO,*C,H,°CO-O-C,H,;(OMe),. 
—The glycerol dimethyl ethers obtained by the methods mentioned 
above (viz., from «y-dichlorohydrin, from epichlorohydrin, and 
from «$-dibromohydrin) were separately warmed (5 g.) with 4 g. of 
pyridine and 28 c.c. of a solution of p-nitrobenzoy] chloride in chloro- 
form (containing 27-5 g. in 100 c.c.). After 48 hours, ether and 
water were added and the ethereal extract was washed with water, 
dilute sulphuric acid, dilute sodium bicarbonate solution and again 
with water, dried with calcium chloride, concentrated, and heated 
in the steam-oven for 1 hour. The product was induced to crystal- 
lise by scratching; after recrystallisation from light petroleum, it 
melted in each case at 43°, alone or when mixed with either of the 
other two (Found: NO,°C,H,CO, 56-0. C,,H,,O0,N requires 
NO,°C,H,°CO, 55-8%). 

In view of the evidence of Hibbert, Whelen, and Carter (loc. cit.) 
that methoxy-groups do not migrate during esterifications of this 
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type, these mixed melting points serve to confirm the identity of 
(III) and (IV). 


The author is indebted to the Chemical Society for a grant which 
has partly met the expense incurred in this work. 
Krne’s CottecEe, Lonpon. [ Received, March 13th, 1929.] 





CLIUI.—The Influence of the Intensity of Illumin- 
ation on the Velocity of the Photochemical Union of 
Bromine and Hydrogen. 

By Max BopEnsTEIN, WILHELM JosT, and GERHARD JUNG. 


BriERS and CHAPMAN (J., 1928, 1802) recently investigated the 
influence of light intensity on the photochemical combination of 
bromine and hydrogen, and concluded that the reaction velocity 
is proportional to a power of the light intensity which varies between 
} and 1 and is always greater the weaker the light. From their 
experiments they found that the velocity of disappearance of “ the 
catalyst, excited bromine molecules or bromine atoms,’ which 
causes the reaction is given by the sum of a uni- and a bi-molecular 


reaction 
—dAfdi=C,A*+C,A .... (2) 


(A is the concentration of the catalyst) and that its mean life is 
about 0-063 sec. 

The first observation is apparently in contradiction to the measure- 
ments of Bodenstein and Liitkemeyer (Z. physikal. Chem., 1925, 
114, 208), who found an exact proportionality between the reaction 
rate and the square root of the light intensity, and to their theory, 
that the catalyst, if we are to use this term, is actually bromine 
atoms. We have carried out a series of further experiments * 
which undoubtedly clear up these really only apparent discrepancies. 
According to these experiments, the velocity with which the catalyst 
disappears can, under certain conditions, be proportional to even 
the first power of the concentration, and, moreover, the mean life 
is of the same order of magnitude as in the work of Briers and 
Chapman. 

Bodenstein and Liitkemeyer explained their results by assuming 
that the velocity of formation of bromine atoms is proportional to 
the light absorbed and that they are removed by recombination in 


* They will appear shortly as the work of Jost and Jung in the Zeitschrift 
fiir physikalische Chemie. 





1154 BODENSTEIN, JOST, AND JUNG: THE INFLUENCE OF THE 


the gas phase, the rate of this recombination being assumed to be 
proportional to the concentration of the atoms. 

However, according to the theory (Jeans, “The Dynamical 
Theory of Gases,’’ 2nd. edtn., 1916, p. 211; Herzfeld, Z. Physik, 
1921, 8, 132; Born and Franck, ibid., 1925, 31, 411) which has been 
developed in the meanwhile, the recombination of atoms is possible 
only in three-body collisions; a quasi-molecule, formed by the 
collision of two atoms, is not stable, but decomposes immediately 
if it cannot transfer its reaction energy by collision within its life 
period of ca. 10- sec. This means that the recombination of two 
atoms to form a diatomic molecule is a termolecular reaction. The 
velocity is dependent, not only on the concentration of the atoms, 
but also on the total pressure (the concentration of all the gases 
present). This leads to the following reaction mechanism for the 
formation of hydrogen bromide in light : 

(1) Br, + Av = 2Br, velocity = 2Zxis.; 

(2) Br + H, = HBr + H, vel. coeff. k,; 

(3) H+ Br, = HBr + Br, vel. coeff. k,; 

(4) H+ HBr = H, + Br, vel. coeff. k,; 

(6) Br + Br = Br,’, vel. coeff. k,; 

(8) Br,’ = Br + Br, vel. coeff. k,; 

(9) Br,’ + N = Br, + N’, vel. coeff. kg; 
where Br,’ is the quasi-molecule and N any molecule at all. Instead 
of equations (6)—(9), Bodenstein and Liitkemeyer have simply 
(6) Br + Br = Bry, which is not admissible according to our present 
ideas of molecule formation. The concentration of the molecules 
N which occurs in equation (9) is proportional to the total pressure 
at constant temperature—we may avoid considering the specific 
factors of individual gases in this case—and therefore we introduce 
this pressure in the following equations for the sake of convenience. 

From the foregoing mechanism the following velocity equation 
is obtained (by a small approximation which is permissible if the 
pressure is not too high) : 


ke 


a (Be) once at 
dt r 


{HBr 
oll ks[ Bra] 


This equation differs from that obtained experimentally by 
Bodenstein and Liitkemeyer only by the factor Vk,/kgp which 
indicates a dependence upon the total pressure; and this dependence 
has been studied in our work. 

At first a very large flask was used, from which samples of gas 
could be taken for analysis. In order to obtain intensive illumin- 
ation the vessel was made in the shape of a ring (cross section 





INTENSITY OF ILLUMINATION ON THE VELOCITY, ETC. 1155 


10 x 30cm.; capacity 20 litres), and a lamp of 1-kw. capacity with 
a perpendicular spiral filament was placed within the ring. The 
apparatus was placed in an aluminium thermostat at 195°, and the 
reaction was measured over a pressure range of 4—400 mm. of 
mercury. & oysht 

The factor /k,/k,p thus underwent a ten-fold increase between 
the highest and the lowest pressure, the velocity rising in the same 
manner. However, it was impossible to measure the intensity 
of the absorbed light in these experiments; furthermore, there 
arose considerations against the use of white light, because in the 
meantime the analysis of the absorption spectra of the halogens 
(Franck, Trans. Faraday Soc., 1925, 21, 3; Franck, Kuhn, and 
Roleffson, Z. Physik, 1922, 43, 155) had shown that in the case of 
bromine a direct decomposition into atoms occurs at 2 >5107 A.; 
and at lower wave-lengths, on the other hand, excited bromine 
molecules are formed, which decompose only on collision with other 
molecules, when this collision follows soon enough afterwards. 
Hence it became necessary to work with monochromatic light, of 
which the absorbed intensity could be measured. In this way 
in preliminary experiments it was shown that the wave-length 
has no influence: at the pressures employed, all excited bromine 
molecules decompose into atoms (Jost, Z. physikal. Chem., 1928, 
134, 92). 

For the main experiments the following method was used. The 
reaction vessel of quartz (2 x 4 x 40cm.) was illuminated through 
its 4 x 40 cm. surface, and the concentration of bromine, and hence 
the progress of the reaction, was followed by measuring with a 
spectrophotometer a beam of light passing down its long axis. 
Heating, as before, was by means of an aluminium thermostat. In 
this arrangement the light intensity and the thickness of the reaction 
vessel were appreciably smaller than in the preliminary work—this 
is of importance for what follows. 

The results now showed a large fall in reaction velocity with 
decreasing pressure, quite different from the results described above 
and from what was to be expected from equation (2). 

The explanation of this phenomenon is that at low pressures and 
in a narrow vessel the bromine atoms, especially at low concen- 
trations, e.g., with weak illumination, are eliminated not so much 
by recombination in the gas phase, but rather by diffusion to the 
walls, where they are adsorbed and recombine. In the same way 
the completely analogous observation in our work on the photo- 
chemical formation of carbony] chloride has been explained (Boden- 
stein, Lenher, and Wagner, Z. physikal. Chem., in course of public- 
ation). It can. be shown that the reaction velocity “ constants,” 
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which are calculated from equation (2) and are of course no longer 
constant if the wall plays a part, are only a function of a magnitude 


x = const. «o/f,, p/D. . . . . (3) 


(D is the diffusion constant of bromine atoms). The course of this 
function can be calculated, partly exactly and partly by approxim- 
ation, and the observed values agree very well. It follows at once 
that in the case of the large reaction vessel the wall must be of no 
importance, because of the large light intensity and the dimensions 
of the vessel. 

Accordingly, we can see that bromine atoms in_ illuminated 
bromine are used up in two processes : 

(1) Recombination by three-body collisions in the gas phase, 
the velocity of which is derived from equations (6), (8), and (9) : 


— d{Br]/dt = [BrPkkyp/k,*- . . - (4) 


= C,[Br}* at constant total pressure. 

The constants can be calculated by combining the measurements 
of the light reaction with those of the dark reaction (see Bodenstein 
and Liitkemeyer, loc. cit.; Jung and Jost, loc. cit.). 

(2) Recombination through diffusion to the walls, where they are 
absorbed until they combine, which process can be shown to be 
unimolecular at constant total pressure : 


— d{Br]/dt= CBr). . .-. . (6) 


By superimposing both processes, one obtains the equation for the 
decrease in bromine atom concentration 


— d(Br)/dt = CBr? + CBr]. . . . (6) 


which is identical with the one found by Briers and Chapman. It 
can readily be seen that C, and C, are dependent on the pressure, 
C, being directly proportional and C, inversely proportional to it. 
If Briers and Chapman had varied the ratio of their gases and the 
total pressure, they would certainly have found this influence of 
pressure. 

Finally, we willcalculate theactual value of the velocity coefficients 
and the mean life of the atoms from our measurements as found by 
Briers and Chapman. An uncertainty affects these calculations 
from the fact that these authors did not measure the light intensity 
and gave no data on the observed degree of combination. We may, 
however, assume that this amounted to 10—30% of the bromine 
present and so, by comparison with Liitkemeyer’s measurements, 
we can obtain the missing values. 


* Again we neglect a second-order term. 
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For k,kgp/k, = C, we get from our own measurements at those 
pressures at which Briers and Chapman worked : 


C, = 1:55 x 101. 


In order to obtain good values for the mean life, z,, if the recombin- 
ation occurs solely in the gas phase, we must know the concentration 
of the atoms, and we obtain an approximate value as follows: 
Liitkemeyer found a combination of the bromine present of 10—30% 
in about 10—20 minutes. The amount which Chapman observed 
and which ought to have been of the same order of magnitude was 
reached in ca. 100 minutes of uninterrupted illumination. Therefore 
their velocity was approximately 5—10 times smaller than Liitke- 
meyer’s. Chapman and Briers worked at 191° (the b. p. of dimethyl- 
aniline) and Liitkemeyer at 218°. This difference of temperature 
gives rise to a factor 3. The ratio thus corrected is due to the 
difference in concentration of the bromine atoms. Thus this 
amounts, in the case of Chapman to about 3—,3, of that of Bodenstein 
and Liitkemeyer, where it is equal to 5-5 x 10-4 mole of bromine 
atoms per c.c. So in Chapman’s work this is from 3-3 x 10-" to 
1-65 x 10 mole/c.c. A quite similar value is obtained also if the 
data of Chapman and Briers on the lamp and optical arrangement, 
and so the energy absorbed, be taken into account, and the con- 


centration of atoms calculated. Thus the mean life will be 
i i. Magen t 
"1°" €,A ~~ C,[Br]~ 1-55 x 108 x (1-65 to 3-3) x 10% 
or 7, ~ 0-4 to 0-2 sec. 





If now +t, corresponds approximately to the time which is necessary 
for a bromine atom to diffuse from within the flask to the walls, then 
the average distance from the walls being about 1 cm., and the 
diffusion constant of bromine atoms being of the order of magnitude 


of 1 cm.? sec.-1, we have 
2 
™1™~ or ~ 0-5 sec. 


t, would be still smaller if convection were taken into account. Thus 
for A = 1* 


C1: Cy = 1/41: 1/t_ ~ (2°5 to 5) 2 
while Briers and Chapman (using the notation k, and k,, which we 
have used in another sense) found 
C,: C, = 0-63 : 0-37 ~ 3-4: 2 


* The mean life is defined according to Briers and Chapman by A = 1 (in 
their units). 
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Thus we obtain a good agreement. For the mean life, from 1/+ = 
1/+, + 1/t,, we have + = 0-14—0-22 sec., which, in view of the 
uncertainty of some of the underlying data, is in satisfactory agree- 
ment with the value found by Briers and Chapman, viz., s = 0-063 
sec. 

Our work agrees, then, with that of Briers and Chapman as well 
as the accuracy of the underlying data will permit. Furthermore, 
it leads distinctly to the fact that all measurements and theory 
must be based on bromine atoms and not on the excited molecules. 
That the thermal reaction between hydrogen and bromine to form 
hydrogen bromide goes through bromine atoms was shown inde- 
pendently by Christiansen (Dansk. Vid. Math. Phys. Medd., 1919, 1, 
14), Herzfeld (Z. Elektrochem., 1919, 25, 301; Ann. Physik, 1919, 
59, 635); and Pélanyi (Z. Elektrochem., 1920, 26, 50), who arrived at 
these conclusions from the measurements of Bodenstein and Lind 
(Z. physikal. Chem., 1906, 57, 168) on the dark reaction. The 
investigation of Bodenstein and Liitkemeyer showed, then, the same 
result for the light reaction, and that is through this work fully 
verified and extended in the manner described. 

A quite analogous theory explains, of course, the work of Chapman 
and Grigg (J., 1928, 3233) on the influence of the wall on the com- 
bination of hydrogen and chlorine in light, though here the lack of 
numerical data makes the work only of a qualitative nature. 
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CLIV.—Photochemical Equilibrium in Nitrogen 
Peroxide. Part II. The Dependence of Quantum 
Efficiency on Wave-length. 

By Ronatp G. W. Norrisx. 

Ir has been shown (J., 1927, 761) that nitrogen peroxide exposed 

to the light of the mercury-vapour lamp undergoes a perfectly 

reversible decomposition and reaches a state of photochemical 
equilibrium represented by the equation 


Light 
2NO, <_— 2NO + 0. 
ar 


This involves an increase of pressure in the system while under 
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illumination, and the magnitude of this increase was found to be in 
agreement with the hypothesis that the reaction occurs as the 
result of a collision between a photoactive and an inactive molecule 
of peroxide, whilst the reverse “‘ dark ” reaction takes place accord- 
ing to a termolecular law, as shown by Bodenstein and Lindner 
(Z. physikal. Chem., 1922, 100, 87). These general conclusions have 
been confirmed by Dickinson and Baxter (J. Amer. Chem. Soc., 
1928, 50, 774), who, by a different method, have studied the reaction 
at a lower pressure range, where the reverse dark reaction is insigni- 
ficant. By freezing out the residual nitrogen peroxide and the 
nitric oxide produced, these authors were able to measure the extent 
of the light reaction from the oxygen formed, and to determine its 
quantum efficiency for the series of wave-lengths 436, 405, and 365 uu. 
Their results demonstrated the existence of a sharp photochemical 
threshold in the blue part of the spectrum, as will be seen from their 
mean figures for the quantum efficiency referred to nitrogen peroxide 
decomposed : 


405 365 
0-0092 0-72 1-54 


_ Part of the work now described was in hand at the time of Dickin- 

son and Baxter’s publication, but in view of the importance of their 
results it has been delayed for a more extensive study of the relation- 
ship between quantum efficiency and wave-length. This has been 
carried out by a static method differing in principle from that 
employed by those authors, whose observation of a photochemical 
threshold existing well within the region of high absorption has been 
confirmed. The present indications are, indeed, that this photo- 
chemical threshold is sharper than originally supposed by Dickinson 
and Baxter, for, contrary to their result, it has been established that 
blue light of wave-length 436 uy is without perceptible photo- 
chemical effect, the quantum efficiency being certainly less than 
0-001. 

The principle of the method of measurement was to determine the 
pressure increase in the system when a photochemical stationary 
state had become established under the influence of monochromatic 
light of known intensity, and thence, from a knowledge of the 
velocity coefficient of the reverse dark reaction, to compare the 
number of quanta absorbed with the number of molecules of nitrogen 
peroxide decomposing in unit time. The results obtained indicate 
this as the first known case of a photochemical reaction showing a 
sharply developed threshold in the middle of a region of strong 
absorption, and yield data of considerable importance for the 
comparison of thermal and photochemical reactions (see Part ITT). 
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EXPERIMENTAL. 


The apparatus * designed for this work (see Fig. 1) aimed at rapid 
and accurate measurements of light intensity and pressure change, 
and at the production of monochromatic light of various wave- 
lengths of sufficiently high intensity to bring about easily measurable 
photochemical change. 

The mercury-vapour lamp A, lens system, and reaction vessel were 
fixed permanently on an accurate optical bench. The maximum 
quantity of light from the lamp was collected by the large con- 
densing lens B, and concentrated to a parallel beam by the lenses 
D and F, the field being limited by the variable iris-diaphragm stops, 


Fria. 1. 


~) 


C and E, before entering the reaction chamber K. A shutter G, 
worked from a distance by a pneumatic control, permitted illumin- 
ation of the reaction vessel at will. The. lenses were arranged for 
parallel light as intense as possible to pass through the reaction 
chamber. When it was later desired to use light of wave-length 
shorter than 365 yu, which is absorbed by glass, this lens system was 
replaced by quartz flasks containing a solution of the colour filter. 
By using a large flask as the condenser, in conjunction with a smaller 
flask, a convergent, sharply defined beam was obtained, which 
proved as satisfactory in all respects as the beams of longer wave- 
length obtained with the glass lenses. 

The mercury lamp was of the horizontal U-type made by the 


* The grateful acknowledgment of the author is due to Mr. H. M. Roberts, 
in collaboration with whom this apparatus was originally set up for another 


purpose. 
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Hewittic Company, and was worked from a 220-volt supply 
furnished by storage batteries. The burner voltage was 150 volts 
and the current 2-25 amps., and under these conditions a light 
emission of very constant intensity was obtained. 

The reaction chamber itself consisted of a cylindrical quartz 
vessel, of length 4 cm. and diameter 3 cm., with parallel, plane, 
quartz end-plates fused on. It was mounted axially with the lens 
system, and was connected by a capillary tube and a ground-giass 
joint L to the Bourdon gauge P (see Part I, loc. cit.) and to the 
nitrogen peroxide supply and pumps via tap Q. The temperatures 
of the reaction vessel and gauge were controlled to 25° + 0-01° by 
pumping water from an electrically controlled thermostat to a 
cistern with a constant-level regulator, fixed above the apparatus, 
and allowing the water to run back to the thermostat through (1) 
an external jacket surrounding the gauge, and (2) a rectangular tank, 
M, with plane plate quartz faces, mounted axially on the optical 
bench as a thermostat for the reaction vessel. By this means it was 
possible to control the temperature of both gauge and reaction vessel 
to + 0-01° for as long as desired, only occasional slight adjustment 
of the speed of water flow being necessary. 

The pressure changes in the system could be measured very 
accurately by following the movement of the gauge pointer with a 
travelling microscope mounted in front of the apparatus. The 
microscope could be set accurately to 0-005 mm., and it was found 
that the deflexion of the gauge varied in a linear manner with 
pressure for small deflexions. The gauge was calibrated by measur- 
ing small pressure differences between its inside and outside directly 
on vertical mercury manometers, using a travelling telescope ; and 
it was found that a deflexion of the gauge pointer by 1 mm. corre- 
sponded to a pressure change of 7-00 mm., the probable error in the 
determination of a pressure change of the order of 2 mm. being not 
greater than 2%. 

The arrangements for evacuating the apparatus and filling it with 
nitrogen peroxide or other desired gas were exactly as stated in 
Part I (loc. cit.). The nitrogen peroxide was prepared and purified 
as there described. 

Colour Filters —In order to obtain monochromatic light beams of 
sufficient strength and purity the following colour filters were 
mounted on the stage H in the path of the light, immediately in 
front of the reaction vessel tank. 

(1) Yellow at 575 wuz: Wratten mercury monochromat filter. 

(2) Green at 546 un: Wratten mercury monochromat filter. 

(3) Blue at 436uu: 3 Cm. layer of 1% solution of aqueous 
tetramminocopper sulphate (Vanino, ‘‘ Praparative Chemie,”’ 1921, 
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I, p. 500), combined with 4 cm. layer of 6% aqueous quinine hydro. 
chloride solution. 

(4) Violet at 405 uu: 3 Cm. layer of 0-02N-iodine in carbon 
tetrachloride solution, combined with 4 cm. layer of 0-1% aqueous 
quinine hydrochloride solution. 

(5) Ultra-violet at 365 uz : Wratten mercury monochromat filter. 

(6) Ultra-violet at 316—270 yp: 7% Nickel chloride hexahydrate 
in aqueous solution contained in quartz flasks used as lenses of total 
thickness about 20 cm. This filter also transmits green light, but 
as this affects neither the nitrogen peroxide decomposition nor the 
sodium photoelectric cell used to measure the intensity of the 
ultra-violet light, it can be neglected. 

Measurement of Light Intensity.—Measurements of light intensity 
and light absorption were made by a gas-filled sodium photoelectric 
cell with a quartz window, which was satisfactorily sensitive over 
the spectrum range 12 450—250 uu. The cell, fixed in a light-proof 
box with a shutter, was mounted on the optical bench at R, the light 
emerging from the reaction vessel being brought to a sharp focus 
in the cell by means of a spherical quartz globe, N, filled with water 
and mounted axially in the system. The photoelectric current 
generated was measured by a _ sensitive moving-coil mirror 
galvanometer. 

The photoelectric cell can only be used to measure the absolute 
intensity of light of a given wave-length after calibration by a 
thermopile for that particular wave-length. These calibrations 
were made for the separate wave-length regions of the mercury- 
vapour lamp at 436, 405, 365, and 316—270 uy by the help of a Moll 
thermopile which had been previously calibrated for energy radiation 
by means of a Leslie cube. The procedure adopted is described 
below : 

(1) Calibration of thermopile. The thermopile was used in con- 
junction with a Broca galvanometer of about 100 ohms resistance, 
deflexions being measured with a lamp and scale at 1 metre distance. 
The Leslie cube contained water maintained at 100° by means of an 
internal electric heater. The dimensions of the black face of the 
cube were 10 x 10 cm., and the diameter of the face of the ther- 
mopile which was used without its funnel was 1-36 cm. 

The thermopile was mounted in front of the Leslie cube at 
distances of 1 and 1} metres, and screened from its rays by a photo- 
graphic shutter which could be actuated from a distance. With the 
temperature of the air at 19°, the following mean galvanometer 
deflexions were obtained with the thermopile : 

(a) Cube at 1 metre : mean deflexion 3-16 cm. 

(b) Cube at 1} metres : mean deflexion 1-44 cm. 
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The readings did not vary by more than 1 mm. amongst themselves. 
Since 1507/1002 = 2-25 and 3-16/1-44 = 2-20, it will be seen that 
the law of inverse squares is approximately obeyed.* From these 
figures, allowing for the fact that the total radiation from the cube 
is only 90% of the theoretical (Poynting and Thomson, “‘ Heat,” 
5th edtn., 1919, p. 321), we calculate that 1 cm. galvanometer 
deflexion corresponds to a total flux of 460 ergs per second on to the 
thermopile. 

(2) Calibration of photoelectric cell. The following procedure 
relates to the calibration for the lines 436, 405, and 365 yy. First 
the thermopile and secondly the photoelectric cell were mounted at 
R (Fig. 1) and arranged so that their sensitive surfaces received the 
whole of the light field, concentrated by the quartz—water lens N. 
The appropriate colour filters were mounted at A, in combination 
with a filter of 6° aqueous solution of copper sulphate 3 cm. thick 
to remove infra-red radiation. The deflexions of the galvanometers 
attached to the thermopile and cell were compared, the mean values 
calculated from 20 observations in each case being recorded in 
Table I (a). The calibrations for the various wave-lengths were then 
calculated for the photoelectric cell, and are shown in the last two 
columns in ergs and quanta per second. 


TABLE [. 


(a) (Calibration for thermopile : 1 cm. galvo. deflexion = 460 ergs/sec.). 
Mean Mean 
thermopile photoelectric 1 Cm. deflexion of second 
Wave-length (up) reading reading galvanometer 
or (Broca (moving-coil corresponds to 
spectral region. galvo.). galvo.). ergs/sec. quanta/sec. 
436 5-80 em. 9-10 cm. 293 6-5 x 10% 
405 3°32 9-02 170 3-51 x 10% 
365 3-60 21-08 78-9 1-46 x 10% 
(6) (Calibration for thermopile : 1 cm. galvo. deflexion = 1360 ergs/sec.). 
Passed by NiCl, filter 
alone ; . 40-2 —_ 
Passed by NiCl, + 
glass plate 2-9 + 9% — — 
316—270 pp * 7 37 136 2-0 x 10% 
* Mean value of hy = 6-8 x 10-™ erg. 


A separate calibration for the spectral region 316—270 up was 
made in the following way : A different setting of the Broca galvano- 
meter gave a sensitivity corresponding to 1360 ergs per sec. per cm. 
deflexion for the thermopile. The light passing the nickel chloride 
filter consisted almost entirely of the mercury green light, and the 

* The geometrical deviation from the simple inverse-square law due to the 
extended surface of the source is easily shown to be not greater than 0°3% at 
a distance of 1 metre. 
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ultra-violet light of wave-length region 316—270 uu, the latter being 
almost completely absorbable by a glass plate. Two sets of readings 
of the thermopile and photoelectric cell were therefore taken, 
(1) through glass, and (2) with the light falling direct. The difference 
of these two sets of readings, allowance being made for a 9% reflexion 
by the glass plate, gives the effect corresponding to the ultra-violet 
light alone. 

No copper sulphate filter for infra-red was needed in this case, 
since the nickel chloride itself acts effectively in this respect, and in 
any case the differential method of calibration used would auto- 
matically correct for any infra-red effect if it existed. From the 
results of this calibration (Table I 6) it will be seen that over 92° of 
the ultra-violet radiation transmitted by this filter is absorbable by 
glass, a result which conclusively demonstrates the absence of any 
appreciable quantity of the longer wave-length ultra-violet light at 
365 uu. The total absence of all light between the green at 546 uu 
and the ultra-violet at 336 uz has been further proved by a series 
of absorption photographs of the nickel chloride filter, and there is 
every reason to believe that the residual photoelectric effect through 
glass is due to the slight transmission of the shorter ultra-violet 
light between 316 and 270 uu. This being so, and since green light 
has no effect on the photoelectric cell, we may take the photoelectric 
galvanometer deflexion as a measure solely of the ultra-violet light 
in the beam. : : 

The Measurement of Quantum Efficiency—The measurement of 
quantum efficiency was made for wave-lengths ranging from the 
yellow to the ultra-violet by filling the reaction vessel with nitrogen 
peroxide at any desired pressure, and exposing it to the mono- 
chromatic radiation until the system had come to a photochemical 
stationary state, the oxygen produced in the reaction being 
calculated from the increase in pressure. The amount of light 
absorbed by the system was determined simultaneously in terms of 
quanta by the photoelectric cell, by observing its deflexions with the 
reaction vessel (1) filled with the nitrogen peroxide and (2) evacuated. 
From the pressure of oxygen produced, we may calculate the speed 
of its recombination with the nitric oxide at equilibrium (Bodenstein 
and Lindner, Z. physikal. Chem., 1922, 100, 87) and hence the equal 
rate of decomposition of nitrogen peroxide. From this, a knowledge 
of the dimensions of the apparatus gives the number of molecules 
breaking up photochemically per second, and thequantum sensitivity. 

Special attention was paid to the following precautions and 
corrections : 

(a2) Removal of all excess oxygen from the system before filling 
with nitrogen peroxide in order to obviate suppression of the photo- 
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chemical equilibrium : this was done by continued pumping out 
and washing with pure nitrogen. 

(b) The heating effect of the recombination of the nitric oxide and 
oxygen, which, as shown in Part I, may cause a pressure increase : 
in the present case, however, this was negligible, for with the com- 
paratively low intensities of light used, and the correspondingly 
smaller degree of photodecomposition, no measurable residual 
heating effect was observable on adding excess of nitric oxide. 

(c) The loss of light by reflexion after leaving the reaction vessel, 
and before reaching the radiometer: the light, after entering the 
reaction cell, has to pass four quartz faces, viz., the back faces of the 
cell and thermostat and the two faces of the water lens, before it is 
measured by the radiometer. The measured intensity must there- 
fore be corrected for light lost by reflexion at these faces. Taking 
the refractive index of the quartz as 1-47 (value for fused silica), 
we may caleulate that each water—quartz surface reflects 0-:2% of 
the incident light, and each gas—quartz surface 3-6%. Since there are 
four surfaces of each type, the measured intensity must be multiplied 
by the factor 1-17 to obtain the true intensity of the light leaving 
the reaction vessel. 

(d) The accurate determination of the volume of the reaction cell 
and gauge: this was effected by filling the reaction system with air 
at atmospherie pressure and a known temperature, evacuating it 
completely by means of a Toepler pump, and measuring the volume 
of the air pumped out. In this way the volume of the reaction 
system, cell and gauge was found to be 30-3 c.c. 

(e) The calculation of the pressures of oxygen and nitric oxide 
produced at equilibrium : the increase of pressure at photochemical 
equilibrium must be corrected for the change in dissociation of the 
N,0, in order to obtain the true pressure of oxygen produced in the 
reaction 2NO, — 2NO + 0,. This was done as follows: If P 
and P, represent respectively the initial total pressure of nitrogen 
peroxide (#.e., N,0, and NO,) and partial pressure of NO,, and P’ 
and P’) have the same significance when photochemical equilibrium 
has been reached, we have at 25°, by the relationship of Wourtzel 
(Compt. rend., 1919, 169, 1397), 


P2/(P — Py) =P2(P — P’))=108 . . (1) 


Further, if « represents the true pressure of oxygen produced, and 
2x that of the nitric oxide, the observed pressure increase p is given by 


p= (PF + 3a) — Poi. - & me (2) 


Finally, representing all the nitrogen peroxide in terms of NO,, 
we have for the initial quantity (2P — P,), and for the quantity 
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present at photochemical equilibrium (2P’ — P",). These amounts 
differ by 2x the pressure of NO, decomposed ; hence 


2? —P,=2P-—P,-—2. . - '=€3) 
Eliminating Py, P’, and P’, from equations (1), a's and (3), we 
obtain 


2 (p + V27P + 730 — 20-25) + 
(2 + 4/27P + 730 6-75) =0. . (4) 


and since P and p are known, this may be solved for z, the equili- 
brium pressure of oxygen. 

Calculation of the Quantum Efficiency —At photochemical equili- 
brium the number of molecules of nitric oxide and oxygen recom- 
bining per second is known from the value of x (as obtained above), 
the volume of the vessel, and the velocity coefficient of the reaction, 
determined by Bodenstein and Lindner (loc. cit.). Thus, at 25° 


d(2NO,]/dt = 1-66 x 10° x [2NO[O,] 
the concentrations being measured in mols. per litre and the time 
in minutes. The equilibrium pressure of oxygen is x; hence, in 
the present instance 
273-1 ) 


[2NO] = HINO] = [0,] = 2( 255 - San * apg 


The number of mols. of NO, decomposed per litre per second is 

therefore 
a[NO,] _ 2 U2NO,] _ z 273 1 ert) 1-66 . 

ae di = (365 398° 99-4) * “Go * 1 

Taking the volume of the cell as 30-3 c.c. and the Avogadro 
number as 6-06 x 1073, we find for the number of molecules decom- 
posed per second 

n= (25 x 273 1 sea 1-66 - 10° ¥ 6-06 + 1073 - 30-3 
760 298 22-4 60 1000 
== 1-587 x 10% x 2°. 

If A represents the light absorbed by the NO,, measured in terms 
of galvanometer deflexion, the number of quanta absorbed per 
second is m = 1-17Af, where f represents the appropriate factor 
(see Table I) for converting the galvanometer deflexion into quanta 
per second, and the factor 1-17 corrects for loss of light by reflexion 
(see above). The quantum efficiency is then given by 


y = n/m = 1-587 x 10'4273/1-17Af = 1-36 x 10%423/Af. 
The experimental results and the values of the quantum efficiency 
calculated from them are shown for various wave-lengths in Tables II 
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and Ili. The light intensities for Table If were measured by the 
thermopile, and those for Table III by the photoelectric cell, the 
appropriate values of the factor f (from Table I) being shown in the 
latter case. 

TaB.eE II. 


Wave-lengths 575 and 540 uy. 
Energy of Energy Pressure 
Pressure beam absorbed, increase 
of NO,. (cals. /sec.). 4 in NO, (mm.). 
223 1-0 x 10-* i 
32 10-4 
150 
190 


—_- Se 
torowe 
xX xX 
_— 
TF 

- 


Taste III. 


Intensities (galvo. deflexion). 
Initial + a ~ Press. 
press. of Trans- increase, 
NO,,mm. Incident. mitted. Absorbed. mm. 


(a) Wave-length 436 pu; f = 65 x 10%. 
10 71 3-0 4-1 
56 11-7 1-0 10-7 
100 12-9 0-3 12-6 0- 00 
11-9 0-0 11-9 0-08 


(b) Wave-length 405 pu; f = 3-51 x 10%, 


15-6 3:7 1l- ‘4 
10-2 2-4 
10-0 0-8 
0-3 
0-0 





10-2 
11:3 


ll: 


(c) Wave-length 365 pu; f = 1-46 x 10%. 

54-0 17- ~ 37-0 2-87 

22-6 15-3 2-17 

19-0 17-8 2-56 

21-8 . 21-5 2-85 ° 

27-0 . 27-0 3-26 . 1-98 
Mean 2-10 

(d) Wave-length 316—270 pu; f = 2-0 x 10%, 

35-8 23- 0 . 2-23 1-59 2-13 

16-1 . 2-03 1-38 2-07 

30-5 15- 24- 3-05 1-95 2-03 

33-5 . , 3-50 2-06 1-87 

31-3 ° , 4-05 2-26 2-45 
Mean 2-07 


The data of Table III (a) indicate no detectable photochemical 
effect for blue light of 436 up. This is contrary to the observation 
of Dickinson and Baxter, who reported a quantum efficiency of 
0-0092, a magnitude well within the scope of the present apparatus. 
For example, light absorption corresponding to 11 galvanometer 
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scale divisions would involve a value of x of about 0-4 mm. and a 
total pressure change of the order 0-5—0-7 mm., whilst, as stated 
above, pressure changes of the order 0-05 mm. could be easily 
detected. It would therefore appear that the blue colour filter 
employed by Dickinson and Baxter was somewhat inefficient and 
slightly transparent to ultra-violet or violet radiation. 

The results given in Tables II and III raise certain issues of 
importance to the theory of photochemical change. The existence 
of a sharp photochemical threshold between wave-lengths 436 and 
405 uz in a region of high absorption suggests the inquiry as to what 
happens to the absorbed energy of the former wave-length. The 
quantum involved, 64,000 cals. per g.-mol., is at least double the 
magnitude of energy required in the corresponding homogeneous 
bimolecular thermal reaction, where the energy of activation is about 
33,000 cals. per [2NO,] and the heat of reaction 26,000 cals. (Boden- 
stein and Lindner, loc. cit.; Norrish, Nature, 1928, 122, 923); and 
yet this quantity of energy is absorbed without chemical effect. 
Again, to what cause must one attribute the partial efficiency of 
violet light which introduces ample energy into the molecule for 
bimolecular decomposition? It is clear that only a part of the 
absorbed energy is available for chemical change, and that certain 
probability considerations affect its utilisation. 

The fact that with further increase of wave-length the quantum 
efficiency reaches a maximum constant value of 2 indicates that the 
probability factor soon reaches unity, and demonstrates the absence 
of any chain reaction. In this respect the present finding confirms 
the collision hypothesis advanced in Part I (loc. cit.), and makes 
possible a comparison on equal terms of the homogeneous photo- 
chemical and thermal decompositions of nitrogen peroxide. 

The points raised above will be considered at greater length in 
Part III. 


Summary. 


The quantum efficiency (y) of the photochemical reaction 
Light 
2NO, ee 2NO + O, has been investigated for six wave-lengths 
Dark 
of the mercury-vapour lamp in the visible and ultra-violet, a photo- 
electric cell being used to measure light intensity. The following 
values were obtained : for 575, 546, 436 pu, y= 0-000; for 405 uy, 
y = 0-74; for 365 uy, y = 2-10; and for 316—265 up, y = 2-07. 
The photochemical threshold in the middle of the nitrogen peroxide 
absorption region noticed by Dickinson and Baxter has been found 
to be sharper than was originally supposed, their observation of 
slight photochemical activity of light of 1436uu being definitely 
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unconfirmed. No difference could be observed between the quantum 
efficiency of light of } 365 and 2316 uz; the values obtained indicated 
complete efficiency. The existence of fine structure in the NO, 
absorption spectrum is in agreement with the mechanism NO, + 
hy = NO,'; NO, + NO,’ = 2NO + O,, which is also confirmed 
by the kinetic observations in Part I. 


The thanks of the author are due to the Royal Society for a grant 
towards the cost of apparatus which has made this work possible. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
CAMBRIDGE UNIVERSITY. [Received, February 26th, 1929.] 





CLV.—N-Methyl Derivatives of 2-Phenylnaphthylene- 
1 : 3-diamine. 


By Wi11am Suvpson KENTISH. 


THE isomerism of the «- and 8-N N’-dimethyl-2-phenylnaphthylene- 
1 : 3-diamines, examined by Lees and Thorpe (J., 1907, 91, 1282) 
and by Gibson, Kentish, and Simonsen (J., 1928, 2131), can be 
explained by assuming either definite structural differences between 
the two isomerides or an interlocking of the phenyl and methyl 
groups producing cis-trans isomerism. On the latter assumption, 
the molecules of the isomeric dimethyl compounds may be either 
planar (I and IT) or non-planar (IIT and IV). 


H 
<M 


(IT) 
nce 
Me 


/ 
N 
4 


| “Hl 
Me” 
The planar model was suggested by Gibson, Kentish, and Simonsen 
(loc. cit., p. 2133), but there is much evidence against it. In the first 
place, there is no reason why the methylamino- and phenyl groups 
should remain in the plane of the ring, since they are rotating con- 
tinuously and are not fixed as the assumption demands. Moreover, 
molecular models show that there is not sufficient space for the 
methyl groups to exist between the nitrogen atoms and the benzene 
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ring. In addition, only two of the four possible isomerides are 
known. The non-planar model assumes that the phenyl and 
methylamino-groups interlock and that the former vibrates slightly 
about the plane of the naphthalene ring, the latter oscillating in 
planes perpendicular to that of the naphthalene ring. The formation 
of mono-derivatives of thecis- or «-dimethyldiamine (II1)is explained 
if it is assumed that steric hindrance prevents two large substituents 
from entering the naphthalene ring on the same side. The failure 
to resolve either of the isomerides cannot be explained by assuming 
racemisation, because, in that event, the two isomerides themselves 
should be similarly interconvertible. Both models fail to explain 
adequately why the «-dimethyldiamine forms only mono-deriv- 
atives, since the trimethyldiamine can be readily acetylated and 
the dimethyldiamines pass very quickly into the tetramethy! 
compound when heated with methyl sulphate. Also, there is no 
explanation of the transformation in the presence of nitrous acid 
(see p. 1171), and why two nitroso-groups can be introduced into the 
«-dimethyldiamine even though the nitroso- and the methyl group 
have comparable molecular volumes. There is no reason why the 
isomerides should not be interconvertible in the presence of strong 
reagents, as the molecular model shows that the overlapping of 
groups is not so great as that observed in the case of the enantio- 
morphic forms of 2:6: 2’-trisubstituted diphenyl compounds 
(Kenner and others,.J., 1922, 121, 614, ete.; Mills, Chem. and Ind., 
1926, 45, 883) and the disubstituted 1 : 8-nitronaphthylamines 
(Mills and Elliott, J., 1928, 1291) and also of the exactly comparable 
isomerides of 5’-chloro-2’-hydroxy-2-benzoyl-m-toluic acid (Hayashi, 
J., 1927, 2516; compare Kentish, Chem. and Ind., 1928, 47, 952), 
and yet these are readily interconvertible. 

In the light of this evidence, more attention may be given to the 
structural explanation of the isomerism. Of the many possibilities, 
the most probable represents the 6-form as the simple dimethyl- 
naphthylenediamine (V) and the «-form as a methylimino-compound 
with a reduced naphthalene ring (VI). 


O\/\NHMe 


iis Ge 
Verh 


The formule explain the formation of mono-derivatives of the 
«-dimethyldiamine and also the stability of the isomerides in the 
presence of strong reagents. The anomalous behaviour of nitrous 
- acid, which rapidly transforms the «-dimethyldiamine into the 
8-dinitrosoamine (very slow transformation in the case of acetic 
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anhydride and other reagents is not, however, excluded), is probably 
due to the addition of the reagent at the methylimino double bond 
giving the compound (VII) and the elimination of the hydroxyl 
group and the hydrogen atom (marked *) as water, giving the 
g-dinitrosoamine (VIII; X = NO). 


Owing to the intractability of the salts of the dimethyldiamines 
and optically active acids, the evidence for non-resolvability lies 
largely in the homogeneity of the methylenecamphor derivatives. 
Since, however, several cases have already been found where this 
reagent has not effected resolution, the evidence for non-resolvability 
cannot be accepted as definitely established. In the case of the 
-dimethyldiamine, rapid racemisation would indeed be expected. 

Atkinson and Thorpe (J., 1906, 89, 1906) considered that ethyl 
] : 3-diaminonaphthalene-2-carboxylate had the di-imino structure 
(IX), as it had a yellow colour, and that the corresponding carboxylic 
acid together with 2-phenylnaphthylene-1 : 3-diamine and naphthyl- 
ene-1 : 3-diamine, being colourless, had the diamino structure. 
It is, however, very probable that 2-phenylnaphthylene-1 : 3-di- 
amine has the mono-imino structure (X), because the l1-amino-group 
cannot be diazotised unless there is an acetyl group in the 3-position. 
Finally, on acetylation of the diamine with acetic anhydride, an 
“ acetyl acetate ” is obtained (Atkinson and Thorpe, loc. cit.). This 
is not a true salt, as, on treatment with caustic soda, it passes 
immediately into the diacetyl compound. It is evident that, 
during acetylation, acetic acid adds on at the imino double bond, 
giving the compound (XI) analogous to that obtained with nitrous 
acid. Loss of water occurs in this case only in the presence of 
alkalis. The isolation of the intermediate compound undoubtedly 
strongly supports the imino structure of 2-phenylnaphthylene- 
re rome 


A/S 3 Y A \\NH, 
Gu | NBs 
VN te WAAR 


— ) (X.) 
When 2-phenylnaphthylene-1 : 3-diamine is methylated with methyl 
sulphate and alkali in the cold, the imino structure is retained in the 
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case of the «-dimethyldiamine; transformation, however, takes 
place on further methylation, since the tetramethyldiamine is also 
obtained (compare the amino structure of 3-acetyl-2-phenylnaphthyl- 
ene-1 : 3-diamine). When the diamine is heated with methyl 
sulphate, transformation occurs and the §-dimethyldiamine is 
obtained. The transformation is probably due to the addition of 
methyl] sulphate (Me and MeSO, being the two addenda) at the imino 
double bond and the subsequent splitting off of the MeSO, and H 
groups. This addition may only occur under the conditions of the 
second method of methylation, as alkalis would tend to retain the 
MeSO, addendum. 

It seemed to be of considerable interest to examine the mechanism 
of the action of nitrous acid in converting the «- into the $-dimethy]- 
diamine. The only method of effecting an interchange was described 
by Gibson, Kentish, and Simonsen (loc. cit.) and involved the action 
of nitrous acid on the «-dimethyldiamine, giving the $-dinitroso- 
amine, and the subsequent reduction of this to the §-dimethyl- 
diamine. The slowness of the action of nitrous acid on the «-di- 
methyldiamine in comparison with the normal rate of acetylation, 
etc., of this base suggests that the acid-soluble «-mononitrosoamine 
is produced immediately and is slowly transformed into the 8-di- 
nitrosoamine. When the «-dimethyldiamine is treated with one 


molecule of nitrous acid, a good yield of «-3-nitrosomethylamino- 
1-methylimino-2-phenyl-1 : 2-dihydronaphthalene (XII; X = NO) is 
obtained. This is dimorphic like many other compounds of this 
series. Evidently some peculiarity in the structure presents an 
alternative method of packing the molecules in the crystals. 


ON/\NNXMe 
| i (opp 
(XIT.) WY NE 
NMe 


As this mononitrosoamine can be reduced to the «-dimethyldiamine, 
and also slowly converted into the $-dinitrosoamine when treated 
with nitrous acid, it is evident that the transformation occurs when 
the second nitroso-group is introduced. The «-mononitrosoamine 
can be neither methylated nor condensed with p-toluenesulphony! 
chloride. In order to discover whether the transformation was in 
any way specifically associated with the first nitroso-group, the 
action of nitrous acid on the monoacetyl and mono-p-toluenesul- 
phony] derivatives of the «-dimethyldiamine was investigated. The 
«-monoacetyl compound (XII; X = CO-CH,) gave a nitrosoamine 
(VIII; X = CO-CH,) fairly quickly, and this was reduced to a new 
acetyl compound which could be hydrolysed to the @-dimethyl- 
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diamine and was therefore §-3-acetylmethylamino-1-methylamino- 
2-phenylnaphthalene (XIII; X = CO-CH,). 

The «-mono-p-toluenesulphonyl compound (XII; X = SO,°C,H,) 
similarly gave a mononitrosoamine (VIII; X = SO,°C;H,) which 
gave the 8-dimethyldiamine after removal of the nitroso- and 
p-toluenesulphonyl groups. 

The transformation is thus seen to be unassociated with the 
nature of the first substituent in the «-dimethyldiamine, and 
evidence seems now to have accumulated to show that nitrous acid 
effects a definite structural transformation. 

Further support for the structural explanation of the isomerism 
of the dimethyldiamines was obtained by the preparation of the 
mononitrosoamine of the 8-dimethyldiamine. When the latter was 
treated with one molecule of nitrous acid, the greater part of the 
product obtained consisted of the dinitrosoamine and unchanged 
base, but a small quantity of the B-mononitrosoamine (XIII; X = 
NO) was also isolated with some difficulty. 

The 8-mononitrosoamine had a deep red colour and gave intensely 
coloured solutions, whereas solutions of the «-mononitrosoamine 
were only slightly coloured. The intensity of colour in the former 
compound would be expected, as there is a chromophore (N-NO) and 
an auxochrome (NHMe) present as substituents in a phenylnaphthal- 


enering. In the «-mononitrosoamine, the naphthalene ring is absent. 

It is proposed to see whether absorption spectra will furnish proof 
of the structure of the derivatives of 2-phenylnaphthylene-1 : 3-di- 
amine. 


EXPERIMENTAL. 

a-3-Nitrosomethylamino - 1 -methylimino-2- phenyl - 1 : 2 - dihydro - 
naphthalene (XII; X = NO).—a«-NN’-Dimethyl-2-phenylnaphthyl- 
ene-1 : 3-diamine (VI) (7 g.) was dissolved in 15% hydrochloric acid 
(70 c.c.), and sodium nitrite (1-95 g.) in aqueous solution (10 c.c.) 
added slowly with mechanical stirring at the ordinary temperature. 
After a few minutes, a slight precipitate of dinitrosoamine was 
§ filtered off and the filtrate was basified with ammonia. The red oil 
obtained quickly solidified (7-3 g.), and on crystallising from alcohol 
the «-mononitrosoamine was isolated in 70% yield (Found : N, 14:5. 
C,,H,,ON, requires N, 14-4%). It had m. p. 154° and was dimor- 
phic; the unstable «,-form separated first from solutions as a mass 
of fine yellow glistening needles and quickly passed into the glistening 
orange-red prisms of the stable «-form. Both had the same melting 
point. The mononitrosoamine gave the Liebermann reaction and 
was soluble only in fairly concentrated hydrochloric acid. 

A solution of the mononitrosoamine (4 g.) in glacial acetic acid 
(60 c.c.) was heated with excess of tin and concentrated hydrochloric 

ss 
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acid (30 c.c.) on the water-bath for 20 minutes. Excess of solid 
caustic soda was added to the decanted liquid, and the solution 
boiled for a few minutes to decompose double salts of tin. The 
product was extracted with hot benzene and was worked up in the 
usual way. A nearly theoretical yield of the «-dimethyl base (VI) 
was obtained (m. p. 169° after crystallising from light petroleum, 
b. p. 60—80°). 

The «-mononitrosoamine (1 g.) was dissolved in 20% hydrochloric 
acid (40 c.c.), and excess of sodium nitrite solution added. The 
8-dinitrosoamine (VIII; X = NO) separated slowly and had m. p. 
179° after crystallising from alcohol. 

When the «-mononitrosoamine was heated with p-toluene- 
sulphonyl chloride in pyridine solution for 4 hours at 100°, and 
methylated with methyl sulphate and caustic soda in methyl. 
alcoholic solution in the usual way, it was recovered unchanged. 

Action of Nitrous Acid on «-3-Acetylmethylamino-1-methylimino. 
2-phenyl-1 : 2-dihydronaphthalene-—The «-monoacetyl compound 
(XII; X = CO-CH,) (8 g.), dissolved in 10% hydrochloric acid 
(150 c.c.), was treated with a slight excess of sodium nitrite solution. 
After 4 hour, the precipitate was collected, washed with water, and 
crystallised from alcohol, in which it was readily soluble; {-3-acety/- 
methylamino- | -nitrosomethylamino-2-phenylnaphthalene (VIIL; X = 
CO-CH,) separated in pale yellow lustrous plates, m. p. 198° (Found : 
N, 12-8. C,H, 90,N, requires N, 12-6%). It gave the Liebermann 
reaction. 

The acetylnitrosoamine (4 g.) was dissolved in acetic acid (40 c.c.) 
and reduced with tin and hydrochloric acid, giving §-3-acety/l- 
methylamino-1-methylamino-2-phenylnaphthalene (XIII; X = 
CO-CH,) (3 g.). This was very soluble in the ordinary solvents and 
crystallised from dilute alcohol in prisms, m. p. 147° (Found: 
N, 9-2. Cy pHa ON, requires N, 92%). 

The 6-monoacetyl compound was not appreciably hydrolysed by 
boiling with 40%, caustic soda solution or alcoholic sulphuric acid. 
When it was refluxed for 4 hours with concentrated hydrochloric 
acid, and the product crystallised from alcohol, a good yield of the 
8-dimethyldiamine (V) (m. p. 158°) was obtained. 

Action of Nitrous Acid on p-Toluenesulphonyl-o-NN'-dimethyl- 
2-phenylnaphthylene-1 : 3-diamine.—The «-mono-p-toluenesulphony! 
compound (XII; X = 80,°C,H,) (5 g.) was dissolved in concen- 
trated hydrochloric acid (80 c.c.) and an equal volume of water was 
added, followed bya slight excess of sodium nitrite solution. A pale 
yellow precipitate formed fairly quickly, and after 30 minutes this 
was collected, washed with water, and crystallised from alcohol, in 
which it was fairly soluble; nitroso-p-toluenesulphonyl-$-NN’- 
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dimethyl-2-phenylnaphthylene-1 : 3-diamine (VIIL; X = SO,°C,H,) 
separated in pale yellow plates, m. p. 183°, which gave the Lieber- 
mann reaction (Found : N, 9-5. C,,;H,,0,N,S requires N, 9-4%). 

The 8-nitroso-p-toluenesulphonyl compound (3 g.) was reduced 
with tin and hydrochloric acid in acetic acid solution. The solid 
resin obtained was at once hydrolysed by heating at 120° with 20 c.c. 
of a mixture of glacial acetic acid (30 parts) and concentrated sul- 
phurie acid (70 parts) until the whole had dissolved. On pouring 
the mixture into water and basifying it with ammonia, 1 g. of the 
6-dimethyldiamine (m. p. 159° after crystallising from alcohol) was 
obtained. ‘ 

8-3-Nitrosomethylamino - 1 - methylamino - 2 -phenylnaphthalene.— 
The $-dimethyl base (7 g.), dissolved in 20% hydrochloric acid 
(100 c.c.), was treated with sodium nitrite (2-02 g.) in aqueous 
solution (10 c.c.) at 0°. After 15 minutes, the dinitrosoamine was 
filtered off; the filtrate, basified with ammonia, gave a deep red 
solid. This consisted mainly of the @-dimethyl base, which was 
removed by digesting the solid several times with 10° hydrochloric 
acid. The residue was basified with ammonia and crystallised from 
a mixture of 3 parts of alcohol and 1 part of benzene, the 8-mono- 
nitrosoamine (XIII; X = NO) separating in minute, deep red 
needles with a violet fluorescence, m. p. 248° (Found: N, 14-6. 
C,,H,,ON, requires N, 14.4%). It was fairly readily soluble in 
alcohol and readily soluble in benzene, giving intensely coloured 
crimson solutions. The hydrochloride was yellow and rather 
sparingly soluble in water. Owing to the small amount of 8-mono- 
nitrosoamine obtained in this reaction, it was not possible to prove 
the constitution by conversion either into the dinitrosoamine or 
into the 8-dimethyldiamine; but it was not considered likely that 
the nitroso-group had entered the naphthalene ring, as no similar 
compound was obtained when excess of nitrous acid was used or 
when the «-dimethyldiamine was treated with nitrous acid. 

Acetyl Acetate Derivative of 2-Phenylnaphthylene-1 : 3-diamine.— 
The acetyl acetate compound (XI) was dissolved in alcohol and 
treated in the cold with excess of 5% aqueous caustic soda, and the 
solution poured into water after a few minutes. The precipitate, 
m. p. 272°, was the pure diacetyl-2-phenylnaphthylene-1 : 3-diamine 
(Atkinson and Thorpe, J., 1906, 89, 1935, give m. p. 267°). 


The author wishes to express his thanks to Professor W. N. 
Haworth, F.R.S., who kindly arranged to have the microanalysis 
of the 8-mononitrosoamine carried out in his laboratories. 


Srponpon, near DERBY. [Received, April 8th, 1929.] 








1176 THOMPSON AND KIPPING : 


CLVI.—Organic Derivatives of Silicon. Part XX XIX. 
The Action of Sodium on Phenoxychlorosilicanes. 


By ReetnaLp AUBREY THOMPSON and FREDERIC STANLEY Kippina. 


A vERY few silicon compounds of the type SiR,Cl are known to be 
converted into derivatives of silicoethane when they are heated with 
sodium (Kipping, J., 1921, 117, 647), but diphenylsilicon dichloride, 
instead of yielding a derivative of silicoethylene, is transformed 
into closed- and open-chain compounds (SiPh,), in which m is not 
less than 4 (Kipping and Sands, ibid., p. 830). 

In an attempt to obtain some silicoethane derivatives from which 
silicoglycols might be prepared, the action of sodium on diphenyl- 
phenoxysilicon chloride was recently studied (Kipping, J., 1927, 
2728); here again, instead of the desired product 

OPh-SiPh,’SiPh,-OPh, 
octaphenylsilicotetrane and diphenyldiphenoxysilicane were formed, 
together with a small proportion of octaphenyldiphenoxysilico- 
tetrane and other substances. 

It was therefore of interest to study the action of sodium on 
various phenoxychlorosilicanes and for this purpose the mono-, di-, 
and tri-phenoxy-chlorides were prepared by treating silicon tetra- 
chloride with phenol; they are all colourless liquids and are readily 
hydrolysed by water. When they are heated with excess of sodium 
in boiling xylene solution, they are all slowly attacked, giving a dark 
bluish-black deposit, and the whole of their chlorine is finally 
eliminated as sodium chloride. The filtered solution contains in all 
cases phenyl orthosilicate, Si(OPh),, the yield of which shows that 
practically all the phenoxy-groups in the original halogen compound 
are obtained in the form of the ortho-ester, as, for example, 


2Si(OPh),Cl, + 4Na = Si(OPh), + Si + 4NaCl. 


Now the phenoxy-chloride when heated alone does not undergo any 
change, so the production of the ortho-ester is not due to interactions 
such as 2Si(OPh),Cl, = Si(OPh), + SiCl,; it must be concluded, 
therefore, that the metal attacks some of the halogen compound, 
forming sodium phenoxide, which then reacts with the remainder to 
give the ortho-ester. 

The insoluble product, freed from sodium and sodium chloride, 
is in all cases a grey powder, insoluble in all organic solvents. 
Different preparations from the different phenoxy-chlorides contain 
38—40% of silicon; they give hydrogen with an aqueous solution 
of sodium hydroxide, and the same quantity also when warmed with 
water, but this quantity varies greatly with different samples from 
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a given phenoxy-chloride. These facts seem to show that the 
original insoluble material may consist largely of silicon, most of 
which is converted into silica or silicoformic acid by the action of 
water during its separation from the sodium and sodium chloride. 


EXPERIMENTAL. 


Interaction of Phenol and Silicon T etrachloride.—Phenol (2} mols.), 
dissolved in an approximately equal volume of benzene, is dropped 
slowly into boiling silicon tetrachloride (1 mol.). Hydrogen chloride 
is immediately evolved, but the reaction gradually slows down, and 
after all the phenol has been added the mixture is heated to, and kept 
at, 200° during 3 to 4 hours. The liquid is distilled (60 mm.) and 
the following products are collected: I, b. p. 170—195° (about 
20%); IIL, b. p. 195—230° (35—40%); ILI, b. p. 230—265° (about 
35%). The residue (2—5%) solidifies when cooled and consists 
principally of phenyl orthosilicate. 

Phenoxytrichlorosilicane, Si(OPh)Cl,, is isolated by systematically 
fractionating the crude product (I) through a 12” rod and disc 
column. It is a somewhat viscous liquid of high density, b. p. 183— 
186°/60 mm.; it fumes strongly in moist air, is miscible with most 
anhydrous solvents, and is readily hydrolysed by water (Found in 
two different preparations: Cl, 46-6, 46-7. C,H;OCI,Si requires 
Cl, 46-8%). 

Diphenoxydichlorosilicane, Si(OPh),Cl,, is obtained by the further 
fractionation of the crude product (II) in a similar manner. It is a 
viscous fuming liquid, b. p. 215—218°/60 mm. and 199-5—202°/40 
mm., similar in properties to the monophenoxy-derivative (Found 
in three different preparations : Cl, 24-6, 24-9, 25-0. C,,.H,)0,C1,Si 
requires Cl, 24-9%). 

Triphenoxychlorosilicane, Si(OPh),Cl, isolated from the fraction 
(ILI) in like manner, boils at 252—256°/60 mm. and at 235—239°/25 
mm. It is very viscous, miscible with most anhydrous solvents, 
and fumes only slightly in moist air (Found in two different samples : 
Cl, 10-3, 10-2. C,,H,,0,CISi requires Cl, 10-3%). 

The solid residue from the first distillation crystallises from light 
petroleum in long colourless prisms, m. p. 48°. It was identified 
as phenyl orthosilicate by analysis and by its properties. 

The above results seem to prove that the three phenoxy-chlorides 
do not interchange chlorine atoms and phenoxy-groups at the given 
temperatures ; the compounds are also stable at higher temperatures. 
Samples of the mono- and of the di-chloro-derivative were heated 
almost to ebullition under atmospheric pressure during about 6 
hours and then distilled under 60 mm.; the boiling points of the 
original samples had undergone no change. 
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Action of Sodium on Phenoxytrichlorosilicane.—Phenoxytrichloro- 
silicane (15 g.) is dissolved in pure xylene (3—4 vols.), sodium (5 ¢.) 
added, and heat applied. A reaction soon sets in and a bluish. 
black crust is formed on the metal. The flask is vigorously shaken 
at intervals and the heating is continued until, at the end of about 
15 hours, a few drops of the filtered liquid treated with aqueous 
acetone give a neutral extract. Hydrogen chloride is evolved during 
the operation, but apparently the gas is free from any silicon 
compound, 

The solution is filtered in a dry atmosphere, and the black residue 
washed with dry xylene two or three times; the combined filtrate 
and washings are then evaporated under reduced pressure. The 
product is a brown syrup, the weight of which (6-5 g.) corresponds 
almost exactly with that calculated for 4Si(OPh)Cl, + 12Na = 
Si(OPh), + 12NaCl + 3Si. When cooled, it, solidifies almost com- 
pletely, and after recrystallisation from light petroleum it melts at 
47—48° and does not depress the melting point of phenyl ortho- 
silicate. The oily mother-liquor from the crystalline ortho-ester 
gives a further crop of this compound when cooled in ice; the oil 
which then remains seems to be merely phenyl orthosilicate mixed 
with a very small proportion of some impurity; it is completely 
hydrolysed by aqueous alkali [Found : Si, 7-3. Cale. for Si(OPh), : 
Si, 7-0%]. 

The almost black residue (see above) is added in small portions 
at a time to a mixture of alcohol and excess of glacial acetic acid, 
and the whole is then poured into a large volume of water. The 
insoluble matter, which rises to the surface of the aqueous solution 
as a dark grey curdy precipitate, continually gives off bubbles of 
gas. It is separated, washed with water, alcohol, and ether succes- 
sively, and dried over sulphuric acid under reduced pressure. The 
product, light grey in colour, does not lose in weight at 150°, and 
contains 38-5% of silicon. It is attacked by a solution of sodium 
hydroxide, but 1 g. gives only 50-1 c.c. of hydrogen at N.T.P.,* a 
fact which shows that it consists principally of silica. An equal 
volume of hydrogen is obtained when hot water is used instead of 
sodium hydroxide solution. 

The Action of Sodium on Diphenoxydichlorosilicane—The di- 
phenoxy-derivative (35-9 g.) is heated with excess of sodium in 
exactly the same way as the monophenoxy-compound ; the products 
are isolated as already described. The weight of the crude soluble 
matter is 20 g., which agrees with that calculated for 2S8i(OPh),Cl, + 
4Na = Si(OPh), + 4NaCl + Si, and this product, which erystallises 

* The volume of hydrogen given by 1 g. of silicon, silicoformie acid, and 
silico-oxalic acid would be 1584, 358, and 183 c.c., respectively. 





ORGANIC DERIVATIVES OF SILICON. PART XXXIX. 1179 


when cooled, is practically pure pheny] orthosilicate. The insoluble 
residue contained 38-1°% of silicon, and 1 g. gave 139 ¢.c. of hydrogen 
with sodium hydroxide solution and 146 c.c. with hot water, so 
that the proportion of silicon or other hydrogen-giving substance 
in this preparation was much larger than in the previous insoluble 
product. 

A totally different sample gave Si = 38% and 1 g. gave 89-1 c.c. 
of hydrogen, . A third sample, in the isolation of which care had 
been taken to keep the alcohol—acid mixture very cold and the con- 
tact of the product with water as short as possible, gave a hydrogen 
value of 209-3; another portion of the same preparation, during the 
isolation of which the acid—aleohol mixture was allowed to get hot, 
but which had been kept in contact with water during the same 
length of time as the first portion, gave a hydrogen value of 177 and 
contained 37-8% of silicon. The fact that the hydrogen values of 
different samples containing practically the same percentage of 
silicon vary from 50-1 c.c. to 209.¢.c. seems to show that the hydrogen- 
giving compound is mainly silicoformic acid. 

Two different samples of the insoluble matter were submitted to 
combustion [Found : (sample I) C, 7-8, 7-7; H, 1-8, 1-8; (sample II) 
C, 7-7; H, 1:7%]. When heated with alkali, these samples gave 
quantities of sodium phenoxide corresponding with about one- 
quarter of the carbon present; this phenoxide was possibly formed 
from occluded phenyl orthosilicate. The alkaline solutions gave 
with acids gelatinous precipitates which, when thoroughly washed 
and dried, charred when warmed with concentrated sulphuric acid 
and contained 30-6—30-8% of silicon. As the organic matter in 
these precipitates seems to consist of phenyl groups directly com- 
bined with silicon, it may be surmised that the original grey 
insoluble matter contains some complex condensation product of 
phenylsiliconic acid and silicic acid. 

The Action of Sodium on Triphenoxychlorosilicane.—The pro- 
cedure was identical with that described in previous cases; 21 g. of 
the compound gave after 12 hours 16-6 g. of crude phenyl ortho- 
silicate and 0-6 g. of a grey insoluble residue, which contained 39-1% 
of silicon and had a hydrogen value of 120. 


Untversiry CoLLEGE, NorrinGHAM. [Received, March 20th, 1929.] 
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CLVII.—Organic Derivatives of Silicon. Part XL. 
Attempts to prepare Unsaturated Compounds from 
Phenylsilicon Trichloride. 


By Freperic StanLEY Kippinc, ARTHUR GEORGE MuRRAyY, and 
(in part) JouN GwiLLiaAM Ma.tsy. 


At the present time there is no evidence of the existence of a com- 
pound containing the group >Si—C< (Kipping, J., 1927, 104), and 
when dichlorides R,SiCl, are heated with sodium the products do 
not contain the complex >Si—Si< but are either open- or closed- 
chain structures consisting entirely of —SiR,—SiR,— groups 
(Kipping and Sands, J., 1921, 119, 830, 848; Kipping, J., 1923, 
123, 2590; 1924, 125, 2291; 1927, 2719); the only known case of 
unsaturation in silicohydrocarbons, as judged by the property of 
combining with iodine, is that of octaphenylsilicotetrane, which 
contains 2 atoms of tervalent silicon. 

Several attempts have been made during the last ten years to 
produce unsaturated silicon compounds by the action of sodium 
on phenylsilicon trichloride under different conditions. The results 
seem to have shown that SiPh=SiPh cannot be obtained in this 
way; in its place there results a mixture of very complex products, 
most of which apparently are saturated compounds. 

At about 180°, in the absence of a solvent, the -trichloride is 
very slowly but almost entirely transformed into a greyish insoluble 
powder which contains 25-1—26-8% Si (SiPh requires 26-8%), does 
not combine with iodine or even with bromine and is not attacked 
by a mixture of piperidine and aqueous alkalis. 

In boiling benzene or toluene solution, the action of sodium on 
the trichloride is inappreciable; experiments were therefore made 
with naphthalene as a solvent. At the boiling point of the solution, 
the reaction with sodium is definitely exothermic and is completed 
very much more rapidly than when no solvent is used, although 
the temperature is about the same in the two cases. Only a very 
small proportion of the product is insoluble in organic solvents; 
this contains a much larger percentage of silicon than the insoluble 
powder referred to above and, unlike the latter, gives hydrogen 
readily with caustic alkalis. The main product, fractionated from 
various solvents, gives preparations all of which contain oxygen; 
while some appear to contain >SiPh, groups, and possibly naphthyl 
radicals. 

In benzene solution at about 150°, in a sealed tube, or in boiling 
xylene, the trichloride is attacked by sodium fairly readily at first, 
but prolonged heating is required to complete the interaction; 
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potassium was therefore added towards the end of the operation 
in most of the experiments with xylene. With either solvent there 
is only a small proportion of insoluble product, which seems to be 
similar to that obtained in naphthalene solution. 

The soluble matter from the xylene solutions, prepared in an 
atmosphere of nitrogen, has been studied more closely than that 
obtained with other solvents. It is a pale yellow resin which, 
judging from its iodine absorption, contains only a small proportion 
of unsaturated, probably tervalent, silicon atoms. It is easily 
separated into two main fractions with cold acetone, and further 
fractionation gives a graded series of colourless powders together 
with preparations of a more gelatinous character. 

All the fractions seem to be complex mixtures which either char 
without melting or liquefy over a wide range of temperature. The 
more soluble ones contain >SiPh, groups, a fact which shows that 
phenyl groups have been transferred from one silicon atom to 
another, just as are benzyl radicals during the interaction of sodium 
and dibenzylsilicon dichloride (Steele and Kipping, J., 1928, 1431); 
as in the latter case and also in that of diphenylsilicon dichloride, 
the trichloride gives with sodium metallic derivatives which impart 
a deep red colour to the xylene solution: if sodium phenyl is thus 
produced, it would no doubt react with >SiPhCl to form >SiPh, 
groups. 

Analyses of the freshly prepared, unfractionated, soluble material 
indicate the presence of at least 4% of oxygen; a further quantity 
of oxygen is absorbed at 120°, the material becoming much less 
soluble, but its glue-like character at that temperature prevents 
very accurate determinations; it does not seem to oxidise in the 
air at the ordinary temperature, although perhaps it may do so 
slowly in solution. The source of the oxygen present in the unex- 
posed products has not been ascertained. When the reddish 
xylenesolution is filtered, the filtrate sometimeseffervesces distinctly ; 
it rapidly becomes pale yellow on exposure to the air and gives an 
alkaline solution with water. If, therefore, some of the sodium 
in the solution is combined with silicon, a portion of the combined 
oxygen in those products which have been in contact with water 
may be due to the action of alkali on >SiPhH groups. In order 
to make sure that the presence of oxygen was not the result of the 
hydrolysis of >SiPhCl groups, the solution of the trichloride was 
always boiled with excess of metal until a portion of the filtered 
liquid gave with water an alkaline.extract, and the product in the 
xylene solution, ignited with sodium, gave a negative halogen 
reaction. As some of the oxygen might be derived from sodium or 
potassium oxide, an experiment was made with sodium, which had 

ss2 
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been melted in nitrogen and filtered through glass wool; the xylene 
filtrate seemed to be rather richer than usual in sodium derivatives 
but otherwise the product differed little, if at all, from previous 
preparations and contained about 4% of oxygen. 

The results of many analyses seem to show that the more sparingly 
soluble fractions are composed principally of compounds containing 
oxidised >SiPh groups, whereas the components of the more 
soluble fractions contain in addition a considerable proportion of 
>SiPh, groups. 

Cryoscopic determinations in benzene and in camphor show that 
the average molecular weight of the components of the most sparingly 
soluble fraction is about 5,000, that of the substances in the most 
soluble material being about 900. The crude product, therefore, 
seems to be a mixture of compounds containing from about 6 to at 
least 50 silicon atoms in their molecules. 

All the fractions are attacked by aqueous piperidine, and by 
aqueous alkalis in the presence of an organic solvent, with evolution 
of hydrogen and fission of Si-Si linkages. It was expected, there- 
fore, that the principal product of fission would be orthophenyl- 
siliconic acid, SiPh(OH),; that. >SiPh, groups, if present, would 
give diphenylsilicanediol, SiPh;(OH),; and that any silicon atoms 
not combined with carbon would yield orthosilicic acid. Further, 
if the preparations contained any compounds which were not 
attacked, or which gave crystalline fragments immune from 
further change, the investigation of such material might yield 
important information. Unfortunately, however, the identification 
of the products of fission is surrounded by difficulties; the 
organic hydroxides just formulated undergo a reversible condens- 
ation in the presence of alkalis and some of their numerous con- 
densation products are not only insoluble in organic solvents (Kipping 
and Murray, this vol., p. 360) but are also very difficult to hydrolyse. 
Consequently it is not easy to ascertain in any given case whether 
or not all the Si-Si links have undergone fission ; the material which 
does not become soluble in aqueous alkalis may be either an un- 
changed substance, a fragment, some stable condensation product, 
or a mixture of all these, and its ill-defined properties render its 
identification almost impossible. 

When the more sparingly soluble preparations were heated with 
piperidine and alkali hydroxide until hydrogen ceased to be evolved, 
only a small proportion became soluble in aqueous alkalis; the 
solution gave with acids a gelatinous precipitate, which appeared 
to be a mixed condensation product of orthophenylsiliconic acid 
and orthosilicic acid. The material insoluble in aqueous alkali 
seemed to be a mixture of condensation products of orthopheny!- 
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siliconie acid and diphenylsilicanediol. The presence of the last- 
named compound in the products of hydrolysis of the most readily 
soluble preparations was definitely established. The hydrogen 
values of some samples of the original product and of many of the 
fractions were determined, but as the proportion of unchanged 
material, if any, could not be ascertained, and the presence of oxygen 
created other complications, the quantitative results afforded little 
information. 

It will be evident from the above account that, under all the 
different experimental conditions, the trichloride is converted into a 
complex mixture of products, the components of which contain 
not only >SiPh and >SiPh, groups but also silicon atoms uncom- 
bined with carbon ; some of the silicon atoms seem to be unsaturated, 
probably tervalent, but most of them have become saturated by 
combination with oxygen. 

It may be suggested that in the first stages of the reaction silicon 
atoms are linked to give structures such as 


3 iPh SiPh 
2 a Pe come a 


SiPhCl SiPhCl SiPhCl SiPhCl SiPhCI » SiPhCl 


| | 
iPhCl SiPhCl SiPhCl ,,,q SiPhCl SiPKCI SIPRCI 
] JE 


SiPhCl SiPhCl SiPhCl by 
| SiPh 


which increase in complexity so long as there is any unchanged 
trichloride present, until molecules containing fifty or more silicon 
atoms have been formed. As the supply of trichloride becomes 
exhausted, the further elimination of halogen probably leads to 
the production of bridged rings of different types. When this stage 
has been passed and, owing to steric influences, ring formation is 
brought to an end, the removal of the rest of the chlorine probably 
gives rise to tervalent silicon atoms; some of the halogen may also 
be displaced by sodium, and some by oxygen probably derived 
from sodium oxide. In addition some of the phenyl radicals are 
displaced by sodium with the probable formation of sodium phenyl, 
which then reacts with >SiPhCl groups; it is possible that some 
chlorine atoms are displaced by hydrogen present in the sodium. 

In the course of the above work it was found that various silicon 
compounds such as “ phenylsiliconic anhydride” and diphenyl- 
silicanediol are completely converted into volatile products by 
evaporation with an aqueous solution of hydrogen fluoride. 
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ExPERIMENTAL. 


Phenylsilicon Trichloride——Phenylsilicon trichloride prepared in 
the ordinary way (J., 1912, 101, 2113; 1914, 105, 681) is not easily 
obtained in the pure state; fractions collected from about 148— 
153°/200 mm., after repeated distillation, contain some ethoxy- 
compound, probably SiPhCl,(OEt) (compare Kipping and Murray, J., 
1927, 2734), and give alcohol on hydrolysis. When prepared by the 
modified method (loc. cit.) with the proportion 2SiCl, : 14MgPhBr, 
the pure trichloride (b. p. 152—153°/200 mm.) is easily isolated. 
The yield is about 100 g. from 170 g. of the tetrachloride 
(Found: Cl, 50-2, 50-5. C,H,Cl,Si requires Cl, 50°3%). The 
pure trichloride was used in all the xylene experiments; in the 
earlier ones the liquid which had been fractionated carefully and 
boiled at 198—200°/760 mm. was assumed to be pure. 

Action of Sodium on the Trichloride—(1) No solvent. The 
trichloride (10 g.) and sodium (4 g.) are heated in a flask with a 
30” air-condenser and a calcium chloride tube and when the metal 
has melted the flask is vigorously shaken; the temperature is then 
slowly raised to about 190°. The globules of sodium gradually 
become covered with a very dark brown crust, and after the lapse 
of some 8 hours, during which the flask is again shaken from time 
to time, decomposition seems to be complete. The dark granular 
mass is cooled, extracted with boiling benzene, and cautiously 
added to a mixture of alcohol and excess of glacial acetic acid; the 
solution is diluted with water, warmed, and filtered and the residue, 
a light brown powder, is thoroughly washed with water, alcohol, 
and benzene successively, and dried at 110°. The yield is about 
4-6 g. (theoretical for SiPh, 5-4 g.). 

Five different preparations gave Si = 26-5, 25-7, 26-8, 25-1, 26:3. 
Although these figures point to the formula SiPh (which requires 
Si, 26-8%), the later results seem to show that this product is a 
mixture and contains a considerable proportion of oxygen.* 

(2) Naphthalene as solvent. The trichloride (10 g.), sodium (4 g.), 
and naphthalene (20 g.) are heated together in a flask fitted up as 
described and when the solids have melted the flask is vigorously 
shaken and again heated. Directly the mixture begins to boil, 
an exothermic reaction sets in and ebullition continues for some 


* These experiments and also those with naphthalene were carried out by 
Mr. Maltby; later, the trichloride was heated with sodium in an atmosphere 
of nitrogen, but even after prolonged heating (20 hours) with a large excess of 
the metal, silicon halides were still present, a part of the product was soluble 
in benzene, and the insoluble portion gave hydrogen with alkali. These 
different results are no doubt due to the presence of atmospheric oxygen in 
the one case and not in the other.—F. S. K. 
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time without external heat; the metal becomes coated with a very 
dark brown spongy solid and the liquid turns yellow. When 
ebullition slackens, the contents of the flask are again boiled and 
vigorously shaken; at the end of about 15 minutes the solution is 
free from silicon halides. 

The cooled product is mixed with benzene (250 c.c.), the solution 
filtered (with difficulty), and the residue well washed with boiling 
benzene, after which it is treated exactly as previously described. 
The insoluble product is a buff-coloured, amorphous powder (only 
about 0-25 g.). Five different samples gave Si = 33-9—34-7 
(SiPh requires Si, 26-8%). It yields hydrogen very readily with 
caustic soda: three different samples gave, respectively, 1-0, 1-2, 
and 1-0 atoms of hydrogen per atom of silicon (SiPh should give 
3 atoms), but about 25° was undissolved in each case; even if the 
undissolved matter yields no hydrogen, the results indicate that 
the rest of the material contains a very considerable proportion of 


oxygen. About 80% of the powder volatilised on evaporation with 


hydrofluoric acid; the residue contained only 15% of silicon. 
From these data it may be inferred that the insoluble product is a 
mixture of very complex compounds containing >SiPh and >SiPh, 
groups as well as silicon atoms which are not combined with 
carbon; the residue after treatment with hydrofluoric acid seems 


to consist of derivatives of >SiPh, (SiPh,O requires Si, 14-2%). 

The yellow benzene filtrate, which shows a green fluorescence, 
is submitted to steam distillation and the glue-like residue is dis- 
solved in benzene and reprecipitated with alcohol; when dried, it 
is an amorphous yellow powder (about 5 g.). When this product is 
treated with cold acetone a portion dissolves readily, but the rest 
is only very sparingly soluble. The former is readily soluble in 
ether and carbon tetrachloride but practically insoluble in alcohol 
and glacial acetic acid; six different samples dried at 100° gave 
Si = 20—20-7% and when treated with sodium hydroxide evolved 
0-:95—1-06 atoms of hydrogen per atom of silicon (M, cryoscopic in 
benzene, 2100, 2200). The less soluble fraction is also practically 
insoluble in ether and alcohol but readily soluble in benzene and 
carbon tetrachloride ; dried at 100°, it gave on the average Si= 245% 
and approximately one atom of hydrogen per silicon atom (MM, 
cryoscopic in benzene, 4000). The proportions of these two fractions 
varied in different experiments from 3:2 to 2:3; with caustic 
alkalis, all the samples gave a considerable proportion of insoluble 
matter and the alkali solutions afforded gelatinous precipitates when 
acidified. 

A large quantity of the crude benzene-soluble product was 
fractionally precipitated systematically from carbon tetrachloride 
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with ether and then from benzene with alcohol; the product was 
thus separated into eight fractions all consisting of yellow amorphous 
powders, which were dried at 100° and analysed with the following 


percentage results :— 
Atoms of 
Frac- H (c.c.) H per 
tion. C,%. H. . O,%. perg. atom of Si. 
M1 (147 16 } Practically 
11-7 132 15 } insoluble 
9-9 146 ‘7 in acetone. 
—_— —_ Intermediate 
— _- fractions. 
7-4 146 J: } Readily soluble 
10-0 — in acetone. 
—_ — Not examined. 


eee, eee. 
ewcl Ooms? 


These data show that the fractions 5, 6, and 7 contain a larger 
proportion of carbon than that required for Si: 6C. The proportion 
of hydrogen to carbon is much lower than that required for 5H : 6C, 
an indication that the material contains naphthy] radicals as well as 
>SiPh, groups. The large proportion of oxygen in these products 
is noteworthy, but as no particular precautions were taken to 
exclude air, its presence may be attributed, principally at any rate, 
to atmospheric oxidation. 

(3) Benzene as solvent. The trichloride (10 g.) was heated with 
benzene and excess of sodium in sealed tubes at about 130° and 
while just below that temperature the tubes were shaken vigorously 
from time to time, After about 8 hours the temperature was raised 
to 150—160°; if then, at the end of 1—2 hours more, the globules 
of metal remained bright the heating was discontinued, and when 
cold, the deep reddish-yellow solution was quickly filtered. The 
residue, after being well washed with benzene and then treated as 
described above, afforded a grey powder (about 0-3 g.) insoluble in 
all organic solvents; different samples contained Si = 30—31-5% 
and gave about 1-35 atoms of hydrogen per atom of silicon with 
sodium hydroxide solution. When evaporated with hydrofluoric 
acid, about 45% of the powder volatiliséd, and the residue contained 
13-5% of silicon. This material therefore seems to be very similar 
to the insoluble product from the experiments with naphthalene. 

The benzene solution on evaporation afforded a pale yellow 
resin which contained C = 65-5, H = 4-7, Si = 22-6% (two con- 
cordant analyses) and gave about two atoms of hydrogen per 
silicon atom when heated with piperidine and sodium hydroxide 
solution. The carbon to silicon ratio is again greater than 6C: Si 
and although the product had been kept out of contact with air s0 
far as possible during its isolation the analyses indicated the presence 
of about 7% of oxygen. The soluble product was systematically 
precipitated with alcohol from several different solvents; it gave 4 
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graded series of preparations some of which were powders, sparingly 
soluble in acetone; others were glue-like in character and very 
readily soluble. The results of the further investigation of this 
material were very similar to those obtained with the product of 
the xylene experiments (see below) so that their description may 
be omitted. 

(4) Xylene as solvent. The pure trichloride (50 g.) in pure xylene 
(500 ¢.c.) is heated with excess of sodium (approximately 25 g.) in 
an atmosphere of pure nitrogen. The reaction starts as soon as 
the solution begins to boil, the sodium becoming coated with a 
very dark brown or black deposit, which is detached by shaking 
the vessel vigorously from time to time. At the end of 10—12 
hours the solution, as a rule, still contains silicon halide, to decom- 
pose which potassium (1 to 2 g.) was added in most of the experi- 
ments and the heating continued; after 5—7 hours longer, the 
solution acquires a deep brownish-red colour and a portion, if treated 
with water, gives an alkaline extract. The liquid is then filtered 
and the residue washed with hot xylene, both operations being 
conducted in an atmosphere of pure nitrogen; the washings are 
kept separate from the original filtrate. 

The saline mass (which may immediately inflame on exposure to 
the air if much potassium has been used) is treated in the usual 
manner and the insoluble matter is washed with water, alcohol, 
and boiling benzene successively. The residue (about 2-5 g.) is a 
grey powder insoluble in all organic solvents; different samples 
contain Si = 30-8—32-3% and give hydrogen with sodium hydroxide 
solution; when evaporated with hydrofluoric acid six times, 80% 
volatilised and the glue-like residue contained only about 13% of 
silicon (SiPh,O requires Si, 14:2%), a fact which indicates the 
presence of >SiPh, groups in the powders; it seems, therefore, that 
this insoluble material is very similar to that obtained in the experi- 
ments with naphthalene and benzene. 

Xylene filtrate. Three entirely different preparations, P,, P,, Ps, 
were examined; in the case of P, potassium was not used in the 
reaction (p. 1191). Aqueous extracts of portions of the solutions 
gave an alkaline reaction but only an inappreciable precipitate with 
silver nitrate; the products in the xylene solutions gave only 
traces of sodium chloride when they were ignited with sodium. 
The red filtrates became yellow if exposed to the air or if neutralised 
with glacial acetic acid or phthalic acid. 

Absorption of oxygen and of iodine. A portion of the red xylene 
solution P, was treated with phthalic acid, the pale yellow liquid 
evaporated under reduced pressure, and the residue heated at 120° 
in an atmosphere of carbon dioxide during some hours. The sample 
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(1-18 g.) thus obtained was then exposed to oxygen in a flask con- 
nected with a manometer; no absorption occurred at the ordinary 
temperature after the expiration of several hours. At 100°, 27 c.c. 
were absorbed in 1 hour and an additional 10-6 c.c. in 2 hours 
more; the calculated increase in weight for 37-6 c.c. is 0-0536 g. 
and the observed increase was 0-0542 g., so that apparently there was 
no loss during oxidation and about 5% of oxygen was taken up. 
Further oxidation occurred at 160° and the product was then 
practically insoluble in benzene and chloroform. 

A different preparation (about 1 g.) obtained by the direct evapor- 
ation of the red xylene solution P, absorbed only 18-3 c.c. of oxygen 
at 100—120° in the course of 10 hours and did not become insoluble 
in chloroform; this smaller absorption was possibly due to the 
more viscous character of the sample, as further oxidation occurred 
when fresh surfaces were exposed by treatment with solvents. 

Another portion of P, was treated with iodine in benzene solution ; 
only about one-ninth of its weight of iodine was absorbed, so that 
many more silicon atoms combined with oxygen than with the 
halogen. P, absorbed about one-quarter of its weight of iodine 
(after deducting the quantity which had combined with the sodium 
present), and P, (p. 1191) absorbed about one-tenth of its weight. 

As there seemed to be no atmospheric oxidation at the ordinary 
temperature, the main bulk of P, was treated with a little warm 
acetone, containing sufficient acetic acid to decompose the sodium 
derivatives, and with warm benzene, in which it dissolved com- 
pletely except for a little sodium acetate; the solution was then 
fractionally precipitated with acetone, these operations being 
repeated systematically until every fraction except the most soluble 
had been precipitated seven times. The fractions I (2 g.), II (3 g.), 
III (2 g.), and IV (3 g.) (I was the least soluble) were colourless 
powders, which charred without melting and dissolved freely in 
benzene and chloroform but were practically insoluble in acetone 
and ether; the most soluble fraction (VII, 3-5 g.) was rather glue- 
like in consistency, melted gradually from about 110° to 130°, and 
dissolved freely in warm acetone; fractions V (0-5 g.) and VI (1 g.) 
had intermediate properties and were not further examined. 

Fraction I, ignited with sodium, yielded only traces of sodium 
chloride ; when freed from solvent in a vacuum, it gave Si = 23-1%, 
and 1-7 atoms of hydrogen per silicon atom. It was very difficult 
to burn; when mixed with copper oxide it gave C = 64-8, H = 4:8% 
as the average of three fairly concordant results. It was too 
sparingly soluble in camphor to give a measurable depression of the 
melting point, but a cryoscopic determination in benzene gave 
M = 5780. 
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Fractions III and IV (1-7 atoms of hydrogen per silicon atom), 
which seemed to be very similar to I in outward properties, were 
mixed together and precipitated with acetone from their solution in 
chloroform. After several operations, in which a small proportion 
of the most soluble material was discarded, the remainder, freed 
from solvent in a vacuum, was divided into two parts, one of which 
(A) was kept under reduced pressure and the other (B) was heated 
at 120° in air; the former lost in weight to a slight extent, but the 
latter gained about 4% in 3—4 days and was then practically 
insoluble in chloroform [Found for A: Si, 23-1; C, 64-1; H, 4-9; 
O (by diff.), 7-99; 1-8 atoms of hydrogen per silicon atom. Found 
for B: Si, 22-1; C, 60-0; H, 4-4; O (by diff.), 13-5%; 1-1 atoms 
of hydrogen per silicon atom]. 

These results show that the fractions I—IV, which formed about 
two-thirds of the total product, are practically identical in com- 
position and that the components of this material absorb nearly as 
much oxygen at about 120° as is already present. 

The most soluble fraction (VII), precipitated from its acetone 
solution with alcohol and freed from solvent under reduced pressure, 
gave Si = 21-1, C = 69-3, H = 5-3, O = 43% and 2-1 atoms of 
hydrogen per atom of silicon; M, in camphor, 1132; M, cryoscopic 
in benzene, 934. It did not increase in weight appreciably when 
heated at 120° in the air during 3—4 days and was still completely 
soluble in warm acetone, but its hydrogen value decreased nearly 
50%. 

Fission products. Some of the more sparingly soluble material 
(Il) was heated with a mixture of piperidine and a 20% aqueous 
solution of potassium hydroxide, in which it dissolved completely, 
until the evolution of hydrogen had ceased, and the aqueous layer 
was then separated so far as possible from the piperidine. The 
former, with excess of concentrated hydrochloric acid, gave a 
flocculent precipitate soluble in potassium hydroxide solution but 
insoluble in organic solvents; dried at 120°, it contained 24:1% of 
silicon. This result indicated a mixed condensation product of 
phenylsiliconic acid and silicic acid, since (PhSiO),O contains 
Si = 21-99%. As, however, it might be a mere mixture of silica 
and phenylsiliconic acid, attempts were made to eliminate the 
former by evaporation with hydrofluoric acid, but only about 0-1% 
of residue was obtained. Experiments with phenylsiliconic 
anhydride, prepared directly from the trichloride (Meads and 
Kipping, J., 1914, 105, 679), then. showed that this compound is 
decomposed by hydrofluoric acid, about 90% of it volatilising during 
one treatment. 

The separated piperidine solution, treated with excess of hydro- 
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chloric acid, gave a glue-like material readily soluble in warn 
acetone but imsoluble in a 20% aqueous solution of potassium 
hydroxide, by which it was only very slowly and incompletely 
hydrolysed. When dried, it contained 17-6% of silicon, and was 
apparently a mixed condensation product of phenylsiliconic acid 
and diphenylsilicanediol (SiPh,O requires Si, 14:2%). Subsidiary 
experiments showed that it would be useless to try to obtain the 
diol from this product by evaporation with hydrofluoric acid, since, 
like phenylsiliconic anhydride, the diol is completely decomposed if 
so treated. 

Tn an attempt to isolate the diol a portion of fraction VII, which, 
judging from the analyses, contained a considerable proportion of 
>SiPh, groups, was boiled with alcoholic potash until hydrogen 
ceased to be evolved and the whole of the material had dissolved; 
the alcohol was then evaporated, and the filtered aqueous solution 
poured into a considerable excess of dilute acetic acid. In the 
course of about one minute crystals separated and, after filtration, 
the solution very slowly deposited glue-like matter. The crystalline 
product was identified as diphenylsilicanediol. 

So far the experimental results explained why the ratio of carbon 
to silicon in part of the product is greater than 6C: Si, but the 
source of the oxygen in the fractionated material was still unknown. 
The red xylene solution P, was transferred to a flask filled with 
nitrogen, and the solution evaporated under reduced pressure; 
a little chloroform was then added without any air being admitted 
and by rapid evaporation the resin was frothed up into a bulky 
porous mass, which was heated at 100° in the same vessel during 
some hours under low pressure to free it from solvents. This 
product gave Si = 18-0% (after correction for the sodium salts 
present) and 1-5 atoms of hydrogen per silicon atom. Since >SiPh 
gives 3 and >SiPh, gives 2 atoms of hydrogen for each atom of 
silicon, it is obvious that this product already contains oxygen or 
else a considerable proportion of it is not decomposed by alkali. The 
rest of the xylene solution P, was treated with a few drops of glacial 
acetic acid without admission of air; a crystalline precipitate of 
alkali acetates was produced and the pale yellow solution was then 
evaporated and the residue extracted with pure ether; the filtered 
extract, concentrated and then frothed up, gave a brittle resin. 
The portion not dissolved by ether was treated with chloroform, 
and the solution filtered from the residue of alkali acetates (about 
0-3 g.); the filtrate was evaporated and frothed up. In all these 
operations air was excluded so far as possible. 

When freed from solvent under reduced pressure in an inert 
atmosphere, the product (3-5 g.) from the ethereal solution gave Si, 
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18-3; C, 70-8; H, 5-7%; 1-6 atoms of hydrogen per silicon atom, 
and the product (0-5 g.) from the chloroform solution gave Si, 
20-1%; 1-5 atoms of hydrogen per silicon atom. 

It will be seen from these results that, in spite of the precautions 
taken, the product in P, had combined with oxygen in the course of 
its preparation or subsequent treatment. 

The red xylene solution P,; had been prepared without using any 
potassium, because the ordinary balls of this metal might well 
contain appreciable quantities of oxide. The sodium which was 
used was melted and then filtered through glass wool in an atmo- 
sphere of nitrogen into the nitrogen-filled reaction flask containing 
the xylene solution of the trichloride (13 g.). The heating was 
continued during about 15 hours; the solution then gave as usual 
an alkaline reaction with water, and a portion of the resin obtained 
by evaporating the xylene gave only a faint indication of halogen 
when it was ignited with sodium. The whole of the red solution 
(filtered in nitrogen) was treated with a few drops of glacial acetic 
acid, filtered from a bulky precipitate of sodium acetate, and 
evaporated under reduced pressure, air being excluded in these 
operations so far as possible. The residue contained (two con- 
cordant analyses) Si = 20-3, C = 69-4, H = 5-5, O (by diff.), 4:8%, 
and it gave 2-1 atoms of hydrogen per atom of silicon. Heated in 
the air at 120° during many hours, it became only partly soluble 
in benzene and then gave only 0-9 atom of hydrogen per atom of 
silicon. 


Part of the material used in this investigation was purchased with 
the aid of a grant from the Government Grant Committee of the 
Royal Society. The authors wish to acknowledge their gratitude 
for this help. 


UnIvERsITY COLLEGE, NOTTINGHAM. [ Received, March 20th, 1929.] 





CLVIII.—Isatin Anils. Part I. The Isomerism of 
Isatin-2-anil. 


By Ropert Kenneta CaLttow and Epwarp Hopes. 


THE existence of two tautomeric forms of isatin-2-anil (I and IT; 
R = H) was discovered by Pummerer (Ber., 1911, 44, 338, 810). 
The form to which the constitution (I) was assigned, the anil, 
separated from alcohol in yellowish-brown leaflets, and the anilide 
(II) formed violet prisms from benzene. Both forms melted at 126°. 
Confirmation of this isomerism was afforded by the synthesis of the 
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isomeric methyl derivatives. In the course of an investigation of 
the acylation of isatin anils we have been able to obtain additional 


CO CO 


(I.) O:NPh C-NPhR (II.) 
NR N 


NPh 
CO-CO-NHPh ; 
(HL) OA<Nrr pe Cy <CO-NHPh (IV.) 


proof of Pummerer’s conclusions by preparing directly from isatin- 
2-anil the isomeric benzoyl derivatives corresponding to the tauto- 
meric forms (I) and (II). N-Benzoylisatin-2-anil (I; R = Bz) is 
readily prepared by heating isatin-2-anil with benzoic anhydride. 
Its constitution is established by its hydrolysis to o-benzamidophenyl- 
glyoxylic acid and aniline, and by its ready conversion in boiling 
alcoholic solution in the presence of a trace of hydrochloric acid into 
o-benzamidophenylglyoxylanilide (IIL) by opening of the pyrrole 
ring. The last compound was also obtained by the reaction of the 
chloride of the acid with aniline. An analogy to the opening of the 
pyrrole ring of N-benzoylisatin-2-anil was found in the transform- 
ation of N-benzoylisatin under similar conditions to o-benzamido- 
phenylglyoxylic acid and its ethyl ester. Again, when’N-benzoyl- 
isatin-2-anil was heated with aniline the product was o-benzamido- 
phenylglyoxylanilideanil (IV), the water formed in the reaction 
having evidently brought about immediate opening of the ring. 

The action of benzoyl chloride on isatin-2-anil in benzene or nitro- 
benzene solution at the ordinary temperature yielded N-benzoyl- 
isatin-2-anil and the hydrochloride of isatin-2-anil.. In pyridine 
solution, however, isatin-2-benzanilide (I1; R = Bz) was obtained. 
This compound was very readily decomposed by water with the 
formation of isatin and benzanilide, and its constitution is, therefore, 
quite clear. é 

While this work was in progress, the original assumption of 
Pummerer regarding the tautomerism of isatin-2-anil was called 
into question by Rupe and Apotheker (Helv. Chim. Acta, 1926, 9, 
1049). These authors obtained by reduction of the product of 
condensation of isatin and §-phenylhydroxylamine (Rupe and 
Stécklin, ibid., 1924, '7, 557) a substance to which they assigned the 
constitution of the lactim form of isatin-2-anil (I; R= H). It 
was obviously different from either of the forms described by Pum- 
merer, which, they concluded, were simply polymorphic forms of 
the lactam structure. The grounds on which their conclusions 
were based were, first, the assumption that -phenylhydroxylamine 
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condensed with isatin in the 2-position, and, secondly, the non- 
identity of the product with «-anilinoindoxyl (isatinleuco-2-anil) 
(Pummerer and Géttler, Ber., 1910, 43, 1376), although the elemen- 
tary analysis corresponded more closely with the latter substance. 
It was found necessary to postulate peculiar mechanisms of reaction 
to explain the formation of the 3-semicarbazone, 3-oxime, and 
3-phenylhydrazone from the new “ isatin-2-anil ”’ and of the 2-semi- 
carbazone, 2-oxime, and 2-phenylhydrazone from the previously 
known forms of isatin-2-anil. 

Consideration of their arguments convinced us that the first 
assumption of the constitution of “‘ isatin-8-phenylhydroxylamine ” 
was erroneous. It is certain that the reactive carbonyl group in 
isatin is that in position 3, and it is @ priori likely that 6-phenyl- 
hydroxylamine will react with this. Furthermore, it is not per- 
missible (as Rupe and Stécklin suppose) to assume that isatin chloride 
reacts preferentially with its halogen with reagents having the 
capacity of reacting with a carbonyl group, for we have found that 
isatin chloride reacts with aniline to yield isatin-3-anil and isatin- 
dianil. If, then, this substance were not isatin-2-$-phenylhydroxyl- 
amine (V) but isatin-3-anil N’-oxide (VI), it would yield on reduction 
3-anilino-oxindole (isatinleuco-3-anil) (VII), already prepared by 
Pummerer and Géttler (loc. cit.). We have now found, by direct 


comparison, that the product obtained by the method of Rupe and 
Apotheker is identical with 3-anilino-oxindole, and our suggestion 
for the actual course of the reaction is therefore confirmed. 


CO Cc: pn CH-NHPh 


Oi x Clashy Cg 


(V.) (VI.) (VII.) 


It would appear that the constitutions assigned to certain other 
derivatives prepared by Rupe and his collaborators should be revised 
in the light of these results (locc. cit. and Helv. Chim. Acta, 1927, 10, 
926). The true isatin-2-8-phenylhydroxylamine or 2-phenylimino- 
indoxyl N’-oxide appears to have been prepared by Alessandri 
(Gazzetta, 1927, 57, 195) by condensation of o-nitrophenylacetylene 
with nitrosobenzene, and the by-product which we obtained in the 
condensation of indoxyl with nitrosobenzene (see experimental 
section) is probably identical with it. 

In conclusion, we consider, on the basis of this correction of the 
results of Rupe and Apotheker, and of the additional evidence pro- 
vided by the preparation of isomeric benzoyl derivatives, that there 
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is no need to modify the original hypothesis of tautomerism of isatin- 
2-anil put forward by Pummerer, 


ExPERIMENTAL. 


Tsatin-2-anil_—Attempts made to prepare isatin-2-anil by the 
eondensation of isatin chloride with aniline were unsuccessful, 
although it is stated by Borsche, Weussmann, and Fritzsche (Ber., 
1924, 57, 1770) that 5-iodoisatin-2-anil is formed from 5-iodoisatin 
chloride in this way. 

(a) Isatin chloride (2 g.) and aniline (1-1 g.; 1 mol.) in benzene 
were heated under reflux for 15 minutes. isatin-3-anil was the 
only product which could be isolated. 

(6) In an experiment in which double the amount of aniline was 
employed, isatindianil and a substance, m. p. 165—180°, insoluble 
in light petroleum, were separated. In neither (a) nor (6) could 
any trace of isatin-2-anil be recognised. 

A small quantity of isatin-2-anil was prepared by the condensation 
of indoxyi with nitrosobenzene (Pummerer and Géttler, Ber., 1909, 
42, 4269; Pummerer, Ber., 1911, 44, 338), but this method was 
rather troublesome. Examination of the red substance obtained 
as a by-product showed that it was not isatindianil, as suggested by 
Pummerer and Géttler, but had the composition C,,H,,0,N, 
(Found: C, 70-8; H, 4-4; N, 11-9; M, by Rast’s method, 255. 
Cale.: C, 70-6; H, 4:2; N, 118%; M, 238). The substance was 
moderately easily soluble in boiling alcohol, from which it separated 
in fine, scarlet, flat needles, m. p. 196—197° (corr., decomp.). The 
m. p. was depressed by mixture with isatin-3-anil N’-oxide. Isatin 
was obtained by decomposition with dilute hydrochloric acid. 
The decomposition with 10% sulphuric acid, as described by Ales- 
sandri (loc. cit.) in the case of 2-phenyliminoindoxyl N’-oxide [m. p. 
195—196° (decomp.)], yielded only a solution which rapidly darkened 
in the air, and instead of p-aminophenol, only a dark material of 
high melting point could be isolated. The qualitative solubilities 
of the substance in various solvents agreed completely with those 
recorded by Alessandri. When the substance was boiled with 
aqueous permanganate solution, the odour of nitrosobenzene was 
perceptible. The amount of substance available did not permit 
further examination. 

The most convenient method for the preparation of isatin-2-anil 
was found to be a modification of the process of Sandmeyer (Z. 
Farben- und Textilchemie, 1903, 2,129). The isatin-2-anil obtained 
by treatment of oxalic diphenylamidine thioamide with sulphuric 
acid was, however, always accompanied by isatin-3-anil, and it was 
found better to proceed directly from hydrocyanocarbodipheny|- 
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imide * to isatin-2-anil by treatment with aluminium chloride as 
described in D.R.-P. 277396. The scarlet isatin-2-anil hydrochloride 
obtained was separated from as much as possible of the water and 
benzene by filtration and churned with water, and a slight excess of 
sodium carbonate added. The crude isatin-2-anil was dried on 
porous plate and crystallised from ether. Yield: 50—60°% of the 
theoretical; m. p. 126° (corr.). 

N-Benzoylisatin-2-amil (1; R = Bz).—(a) Benzoylation with 
benzoic awhydride. Isatin-2-anil (10 g.) and benzoic anhydride 
(27-5 g.; 2 mols.) were mixed and heated at 100° for 2 hours. The 
mixture was then poured into alcohol (250 c.c.). On scratching, 
the product separated as needles (9 g., m. p. 169—172°). Recrystal- 
lised from 50 parts of boiling alcohol, N-benzoylisatin-2-anil was 
obtained as fine, bright red, prismatic needles, m. p. 172-5—173° 
(corr.) (Found: C, 77-2; H, 43; N, 85. C,,H,,0,N, requires 
C, 77-3; H, 43; N, 8-6%). It was moderately easily soluble in 
benzene, slightly soluble in ether, and practically insoluble in light 
petroleum. 

The colour of the solution from which the crude N-benzoylisatin- 
2-anil separated changed from dark brown to light red on standing 
or warming. After removal of alcohol and benzoic ester the residue 
was separated into isatin, benzoic acid, and benzanilide. In the 
light of the results described below, it seems likely that isatin-2- 
benzanilide was formed in the reaction and subsequently decomposed. 

(b) Benzoylation with benzoyl chloride in benzene solution. Dry 
isatin-2-anil (4-5 g.) was dissolved in dry benzene (200 c.c.), benzoyl 
chloride (7 g., freed from hydrogen chloride by distillation under 
reduced pressure) added, and the mixture kept for 2 days. A light 
red, crystalline precipitate was formed, which, when removed, 
washed, and dried, melted at 205° (decomp.) and was identified as 
isatin-2-anil hydrochloride. The solution was evaporated under 
reduced pressure, and the pasty residue washed with light petroleum. 
After two reerystallisations of the solid from benzene and light 
petroleum, nearly pure N-benzoylisatin-2-anil was obtained. The 
amounts of the hydrochloride (2-6 g.) and of N-benzoylisatin-2-anil 
(2:7 g.) separated were approximately equivalent. Another method 
of working-up adopted at first and involving treatment with water 
led to the separation only of isatin, benzanilide, and benzoic acid. 

No indigoid substance was formed when N-benzoylisatin-2-anil 


* The hydrocyanocarbodiphenylimide was always accompanied by a 
substance resembling it in appearance, but differing in solubility in alcohol. 
It melted at 186—187° (Found: C, 77-65; H, 5-19; N, 17-1%. C.,HiN, 
requires C, 77°8; H, 4-9; N, 17-3%). This substance has not yet been 
examined in detail. 
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was treated with ammonium sulphide in alcoholic solution. The 
addition of caustic soda solution to the alcoholic solution gave a blue 
colour which disappeared on acidification. The ethereal extract of 
the blue solution was red. This reaction is also given by isatin-2- 
anil and N-methylisatin-2-anil, but not by isatin-3-anil. The 
addition of sodium hyposulphite to the alkaline solution caused the 
blue colour to disappear, probably because of the formation of the 
“* leuco-anil,”’ but it returned on shaking with air. 

Hydrolysis of N-Benzoylisatin -2 - anil.—N - Benzoylisatin-2-anil 
(1 g.) was boiled under reflux with concentrated hydrochloric acid 
(35 ¢.c.) for 10 minutes. After cooling, the pale yellow solid was 
collected and dried. It melted at 192—193-5°, and was identified 
as o-benzamidophenylglyoxylic acid (Schotten, Ber., 1891, 24, 774) 
by a mixed melting-point determination with an authentic specimen 
obtained as described below. Yield : 0-6 g. (75% of the theoretical). 
Basification of the solution and extraction with ether yielded 
aniline. 

o-Benzamidophenylglyoxylanilide (II1).—N-Benzoylisatin - 2 - anil 
(0-5 g.) was boiled under reflux for 20 minutes with 50% aqueous 
alcohol (100 ¢.c.), to which one drop of concentrated hydrochloric 
acid had been added. The N-benzoylisatin-2-anil slowly dissolved 
and the colour of the solution changed to pale yellow. On cooling, 
pale yellow crystals (0-24 g.) separated. After two recrystallisations 
from 70%, aqueous alcohol, very pale yellow, microscopic needles 
of o-benzamidophenylglyoxylanilide, m. p. 183—184° (corr.), were 
obtained (Found: C, 73°7; H, 4:8; N, 8-0. C,,H,,0,N, requires 
C, 73-3; H, 4-6; N, 8-1%). 

Treatment of the compound with concentrated hydrochloric acid 
yielded a material which did not melt below 330°. Hydrolysis by 
caustic alkali was, however, simpler. The compound (1 g.) was 
boiled under reflux with 2N-sodium hydroxide solution (25 c.c.) 
until complete solution took place (4 hour). Extraction of the cold 
solution with ether gave aniline, and from the remaining liquid, after 
acidification, isatin and benzoic acid were separated. 

The constitution assigned to o-benzamidophenylglyoxylanilide 
was confirmed by synthesis, after two unsuccessful attempts. (1) 
Mixture of o-benzamidophenylglyoxylic acid and aniline in ether 
gave the aniline salt, m. p. 120—121° (corr., decomp.) (Found : 
N, 7°8. C,,H,,0,N. requires N, 7-7%). After treatment of the 
aniline salt with phosphorus pentachloride in benzene, the acid 
alone was recovered. (2) When o-benzamidophenylglyoxylic acid 
was boiled with aniline and a crystal of iodine for a few minutes, 
and excess of aniline removed by dilute hydrochloric acid, a white 
precipitate of o-benzamidobenzaldehyde (Bischler and Lang, Ber., 
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1895, 28, 287) was obtained. It formed fine needles, m. p. 73—74°, 
from dilute acetic acid (Found: N, 6-0. Calc. for C,,H,,0,N : 
N, 6-2%). 

Finally the following method was successful. A large excess 
(20 c.c.) of thionyl chloride was shaken with o-benzamidophenyl- 
glyoxylic acid (2-5 g.), which dissolved with slight evolution of heat. 
The liquid was evaporated on the water-bath to 5 c.c., and the 
remainder of the thionyl chloride removed by two further evapor- 
ations to 5 ¢c.c. after dilution with benzene. Attempts to isolate the 
chloride by adding smaller amounts of thionyl chloride to the acid 
suspended in benzene, or evaporation of the solution to dryness, 
yielded a dark, insoluble solid, m. p. 205—207°, which decomposed 
on keeping. The solution of the chloride was diluted with ether and 
added, drop by drop, to aniline (0-9 g.) dissolved in ether, in the 
presence of potassium carbonate. After addition of water, the 
emulsion was extracted with ether. The ethereal solution, washed 
with dilate acid and dried, yielded the impure anilide (1-6 g.) when 
evaporated. After recrystallisation, its identity with the product 
from N-benzoylisatin-2-anil was confirmed by a mixed melting- 
point determination. 

N-Benzoylisatin.—Repetition of the preparation by the method 
of Heller (Ber., 1903, 36, 2764)—the action of benzoyl chloride upon 
isatin—led to the isolation of a product which, fractionally crystal- 
lised from dilute acetic acid, was separated into N-benzoylisatin, 
m. p. 213—214° (corr.), and an equal amount of o-benzamidophenyl- 
glyoxylic acid, which was more soluble. 

N-Benzoylisatin was more easily prepared by heating isatin (12 g.) 
with benzoic anhydride (36 g.; 3 mols.) for 1 hour at 150—160°. 
After cooling, the solid product was ground with a little alcohol, 
and the insoluble residue of N-benzoylisatin (13-5 g.) purified by 
recrystallisation from glacial acetic acid. 

Ring Scission of N-Benzoylisatin.—N -Benzoylisatin (6 g.), when 
boiled under reflux for 1 hour with 50°% aqueous alcohol (400 c.c.) 
to which four drops of concentrated hydrochloric acid had been 
added, gradually dissolved, and, on evaporation to small bulk, oil 
and solid separated. The solid was dissolved by sodium carbonate 
solution, and the oil removed. Acidification of the solution precip- 
itated o-benzamidophenylglyoxylic acid (3-2 g:). The oil (1-4 g.) 
solidified on standing, and on recrystallisation from dilute acetic 
acid gave ethyl o-benzamidophenylglyoxylate as colourless needles, 
m. p. 80° (corr.) (Found: N, 4-7." C,,H,;0O,N requires N, 4-7%). 
The ester was rapidly hydrolysed to the acid when warmed with 
2N-sodium hydroxide. 

o-Benzamidophenylglyoxylic acid was conveniently prepared by 
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warming N-benzoylisatin (18-8 g.) for several minutes with dilute 
sodium hydroxide solution (2-6 g. in 170 c.c.). The solution was 
quickly cooled, filtered, and the acid precipitated by addition of 
hydrochloric acid. The precipitate was freed from isatin and 
benzoic acid by washing with hot water. Yield, 17-5 g. After 
repeated recrystallisation from dilute acetic acid, it had m. p. 196— 
197° (corr., decomp.) (Schotten, loc. cit., gives 188°). 

o-Benzamidophenylglyoxylanilideanil (1V).—N-Benzoylisatin - 2- 
anil (0-5 g:) was heated on the water-bath for a few minutes with 
aniline (2 c.c.)'and a crystal of iodine. Yellow crystals separated 
when the mixture was poured into alcohol, and, after recrystallis- 
ation from 50 parts of benzene, o-benzamidophenylglyoxylanilideanil 
was obtained as canary-yellow, microscopic needles, m. p. 204—205° 
(corr., decomp.) (Found: C, 77-6; H, 5-1; N, 10-0. C,,H,,0,N, 
requires C, 77-3; H, 5-0; N, 10-0%). 

Isatin-2-benzanilide (11; R = Bz).—Benzoyl chloride (7-2 g.) was 
added to isatin-2-anil (10 g.) dissolved in dry pyridine (18 c.c.). 
After 5 hours the mixture was poured into water (400 c.c.), and the 
precipitate collected and dried:in a vacuum without delay. The 
yield was practically theoretical. The crude product was dissolved 
in 4 parts of boiling dry toluene, and twice the volume of dry light 
petroleum (b. p. 100—110°) added; isatin-2-benzanilide then 
crystallised in crimson prisms, m. p. 131° (corr.) (Found : C, 77-6, 
77-0; H, 4-5, 4:3; -N, 8-7, 83. C,,H,,0,N, requires C, 77-3; H, 
4:3; N, 86%). It was moderately easily soluble in boiling light 
petroleum (b. p. 100—110°) and readily soluble in benzene or 
toluene. It was essential to use carefuily dried pyridine in the 
benzoylation and dried solvents for recrystallisation, otherwise 
mixtures of isatin and benzanilide were obtained. If the crystals 
were allowed to remain in the air, they acquired a superficial coating 
of colourless plates of benzanilide. When isatin-2-benzanilide 
(0-5 g.) was boiled under reflux for 1 hour with water (50 c.c.), it 
became tarry, and crystals of benzanilide (0-25 g.) were then 
deposited. Filtered hot and allowed to cool, the solution deposited 
isatin (0-16 g.). Decomposition into these products took place 
immediately in dilute hydrochloric acid and rapidly in aqueous 
alcohol. 

Isatin-3-anil N’-Oxide (V1).—The condensation of isatin and 
8-phenylhydroxylamine in boiling alcohol, as described by Rupe and 
Stécklin, gave isatin-3-anil N’-oxide in 60°, of the theoretical yield. 
Recrystallised from alcohol, it formed scarlet, flat needles, m. p. 
217-5—219° (corr., decomp.) (Rupe and Stécklin give 216°). 

3-Anilino-oxindole (VII).—(a) A solution of isatin-3-anil N’-oxide 
(10 g.) in a mixture of glacial acetic acid (150 c.c.) and water (15 c.c.) 
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was raised to boiling, and zinc dust (about 10 g.) added in small 
portions until the colour of the solution had faded to pale gold. The 
solution was then rapidly filtered into a vessel filled with coal-gas ; 
hot, air-free water (100 c.c.) was added, and the mixture allowed to 
cool. The white solid which separated (4-7 g.) was twice recrystal- 
lised from alcohol. It was found to be most important to protect 
the product from oxidation during recrystallisation, otherwise the 
product, presumably contaminated with the products of oxidation, 
separated as a caseous mass which was difficult to filter rapidly and 
preserve from oxidation. 3-Anilino-oxindole separated as colourless 
plates, m. p. 192-5° (corr., decomp.) in an evacuated capillary tube 
(Rupe and Apotheker, loc. cit., give m. p. 176° in an open tube) 
(Found : C, 75-1; H, 5-5. Cale. for C,,H,,ON,: ©, 75-0; H, 54%. 
Cale. for C,,H,,ON,: C, 75-7; H, 4:5%). 

(6) Isatin-3-anil, prepared as described by Knoevenagel (J. pr. 
Chem., 1914, 89, 46), was reduced by zinc dust in aqueous acetic acid 
in the same way as isatin-3-anil N’-oxide, the same precautions being 
employed against oxidation. 3-Anilino-oxindole separated in colour- 
less plates from alcohol, indistinguishable under the microscope 
from the product of reduction of isatin-3-anil N’-oxide. The 
substance had m. p. 192° (corr., decomp.) in an evacuated capillary 
tube, and this was unchanged by mixture with the product from 
isatin-3-anil N’-oxide. The solubilities of both products in light 
petroleum, ether, chloroform, and acetone were as described by 
| Pummerer and Gottler (loc. cit.). 


One of us (R. K. C.) wishes to thank the Department of Scientific 
and Industrial Research for a maintenance grant during part of the 
time he was engaged in this work. 


Tae Dyson Perrins LABORATORY, 
OxrForD. [Received, April 12th, 1929.]} 


CLIX.—The Mobility of Symmetrical Triad Proto- 
tropic Systems. Part V. A New Triad System 
(Methyleneazomethine). 


By CuristoPHER KELK INGoLp and CHARLES WILLIAM SHOPPEE. 


THE present position relating to the study of mobile hydrogen 
tautomerism (prototropy) may be summarised in the statement 
that the ionic theory, although not directly proved, rests on a 
comprehensive body of indirect evidence of which the more important 
features are the following : 
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(1) Mobility and Ionisation—A parallel exists between the 
mobility of prototropic systems and those properties, such as the 
alkylation, stability of alkali-metal salts to hydrolysis, alcoholysis, 
ammonolysis, etc., which measure the tendency to ionisation of the 
mobile hydrogen atom and the stability of the anion. The recog. 
nition of this principle (Part I, Ingold and Piggott, J., 1922, 121, 
2381) led to the discovery (Part II, idem, J., 1923, 123, 1469) that 
indene, which although a hydrocarbon is peculiar in yielding rela- 
tively stable metallic “ salts,” is tautomeric and highly mobile. 

(2) Mobility and Constitution —In symmetrical triad systems a 
parallel exists between mobility and the facility of ionisation to be 
expected from the nature of the terminal atom of the system, the 
character of the central atom being relatively unimportant. Thus 
(Part I, loc. cit.; Part IV, Ingold and Shoppee, this vol., p. 447; 
this paper) systems of the types -NH°CR:N- and —NH-N-N~- are 
highly mobile and, despite the difference in the central atom, no 
marked differences of mobility have been observed between them: 
corresponding systems of the types —-CH,°CR:CH~ and —CH,°N:CH- 
are relatively static, but, again, exhibit only minor differences 
amongst themselves. The expected order of ease of ionisation is 
HC<HN(<HO<HF). 

(3) Eaternal Promotion of Mobility—In a given triad system 
external facilitation of prototropy could theoretically occur either 
directly by the attraction of a catalyst for the potentially mobile 
proton, or indirectly by the addition to the molecule of a catalyst 
in such a way as to increase the electron-restraint at the seat of 
ionisation; but the direct mechanism would be expected to be 
much the more effective. Actually, the most powerful catalysts 
for the promotion of mobility in intrinsically slightly mobile systems 
are found to be anions of high co-ordinating power, that is, entities 
known to have peculiarly strong proton affinity (Ingold, Shoppee, 
and Thorpe, J., 1926, 1480; Part IV; and this paper). 

(4) Internal Promotion of Mobility —In a given triad system the 
facilitation of prototropy by constitutional influences should corre- 
spond with the electron-affinity (— J), and capacity for electron- 
attraction (— 7’), of the groups present, and also on the degree of 
directness of the path for the internal transmission of their effects 
to the seat of ionisation. This consequence of the ionisation theory 
has been shown to constitute a satisfactory description of the very 
considerable mass of data at present available (Ingold, Shoppee, 
and Thorpe, loc. cit.; Ingold and Rothstein, this vol., p. 8; Part 
IV; and this paper; compare Ann. Reports, 1927, 106; 1928, 118). 

(5) Analogy with Reversible Additions—A correlation has been 
demonstrated between prototropic change and a large class of 
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reversible addition reactions (aldol, etc.) for which there is strong 
independent evidence of a corresponding ionic mechanism (E. H. 
Ingold and others, J., 1923, 123, 1717; 1924, 125, 435, 1319; 
1925, 127, 469; 1926, 1868, 1894; Chem. and Ind., 1923, 42, 1246). 

(6) Analogy with Anionotropy—An analogy has been demon- 
strated between the conditions for mobility in prototropic and 
anionotropic systems; and for the latter a corresponding ionic 
mechanism has been completely proved (Burton and Ingold, J., 
1928, 904; Burton, ibid., p. 1650). 

The experimental portion of this paper records the outcome of a 
simple application of the above principles to aid the discovery of 
a new triad prototropic system, which we propose to term the 
“methyleneazomethine ”’ system >CH-N:C<=>>C:N-‘CH<. By 
arguments along the lines indicated (l1—4, above) we reasoned that 
such a system, if terminated at either end by aryl groups, should be 
mobile in the presence of ethoxide ions in alcohol, and that for 
moderate concentrations the interconversion of a pair of isomerides 
should proceed readily at temperatures somewhat above the ordinary 
temperature. Accordingly, we prepared the methoxyazomethines 
formulated below, and found that at 85° in 1-45.N-alcoholic sodium 
ethoxide each isomeride underwent rapid conversion into an 


identical mixture of the composition shown. The proportions are in 
complete agreement with the consideration referred to under (4), 
above : 


(21-19%) p-MeO-C,H,*CH,-N:CH-C,H, — 
p-MeO-C,H,-CH:N-CH,-C,H, (78-9%) 


The experimental record also contains evidence that the methy]- 
eneazomethine system terminated by only a single phenyl group 
exhibits mobility in the presence of alkali at a considerably higher 
temperature, although in this case the change appears to be sub- 
stantially unidirectional : 


C,H,-CH,:N:CH, —> C,H,-CH:N-CH, 


Direct demonstration, or strong presumptive evidence, of proto- 
tropic mobility was previously available for eleven out of the twelve 
| formal triad systems constituted from the elements carbon, nitrogen, 
and oxygen. The outstanding case was the methyleneazomethine 
system, so the work now described completes a series. 

Although prototropic mobility in the methyleneazomethine 
system has not, to our knowledge, previously been demonstrated, 
the statement that it has not previously been under observation 
would require the following qualification. Behrend (Annalen, 1891, 
265, 238), Nenbauer (ibid., 1897, 298, 187), and Wegener (ibid., 
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1900, 314, 231) have shown that isomeric substitution products of 
benzaldoxime N-benzyl ether undergo a reversible interconversion 
which may be represented thus : 


R-CoHyCHy-N:CH-C,H, <= R-C,HyCH:N-CH, C,H, 
oe Oe 
This may or may not be a methyleneazomethine triad change. The 
question at issue relates to the part played by the negative oxygen 
atom, and the possibilities are (A) that it takes no direct part, 
(B) that it receives and hands on the mobile proton, and (C) that, 
without accepting the proton, it hands on and then recovers its 
negative charge. In the first case the process represents simple 
methyleneazomethine prototropy; but in the second and third 
it does not, because in the former the proton-transfers, and in the 
latter the electron-transfers, are not those characteristic of the 
methyleneazomethine triad system. In short, the example is a 
complex one which it is impossible in the present state of knowledge 
definitely to assign to any recognised category. 
(2) (2) @) 


(2) 
‘~ ® ‘X e® fy ‘~ @® fy 
-H —N=—tH- C-isteE:,. “CR 
| a Bad Ch 

} re i (H] H 

[H] ym t¥@4 

(A.) (B.) [(1) precedes (2)]  (C.) 


L—-—-}--- 








EXPERIMENTAL. 


p-Methoxybenzylidenebenzylamine was prepared by heating to- 
gether p-anisaldehyde (1 mol.):and benzylamine (1 mol.) at 100° 
for 0-5 hour in an atmosphere of hydrogen. The product, dissolved 
in ether, was washed successively with 2°% aqueous acetic acid and 
dilute sodium hydrogen carbonate solution, and dried with anhydrous 
sodium acetate; it then solidified after evaporation of the ether, 
and crystallised from ligroin in prisms, m. p. 42° (Found : C, 80-4; 
H, 6-6. C,;H,,ON requires C, 80-0; H, 6-6%). 

When boiled for 0-5 hour with 2N-sulphuric acid, the base was 
completely hydrolysed, the aldehydic product being pure anis- 
aldehyde and the basic product pure benzylamine. Therefore, no 
isomerisation of the azomethine oceurs under the conditions stated. 
Benzylamine picrate separates from alcohol in needles, m. p. 198° 
(decomp.) (Found : C, 46-4; H, 3-6. C,,;H,.0,N, requires C, 46-4; 
H, 3:6%). 

Benzylidene-p-methoxybenzylamine, similarly prepared from ?- 
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methoxybenzylamine and benzaldehyde, was a colourless oil, b. p. 
217°/17 mm. (Found : C, 79-7; H, 6-6. C,;H,,ON requires C, 80-0; 
H, 6-6%). 

On hydrolysis under the conditions recorded above, it yielded 
pure benzaldehyde and pure p-methoxybenzylamine only. p-Meth- 
oxybenzylamine picrate separates from alcohol in prisms, m. p. 188° 
(decomp.) (Found: C, 46-0; H, 3-85. C,,H,,O,N, requires C, 
45-9; H, 385%), and the benzoate from chloroform-ligroin in 
needles, m. p. 135° (Found : C, 69-7; H, 6-5. C,;H,,0,N requires 
C, 69-5; H, 6-6%). 

Interconversion. Either isomeride was heated for 2 hours at 85° 
with 30 parts of 1-45N-alcoholic sodium ethoxide, and the product 
isolated by pouring the mixture into water and extracting it with 
ether. That from p-methoxybenzylidenebenzylamine (Found : C, 
79-0; H, 68%), on hydrolysis as already described, gave a basic 
fraction which yielded mainly benzylamine picrate together with a 
small amount of p-methoxybenzylamine picrate, and a neutral 
(aldehydic) fraction, which on oxidation with cold 3% permanganate 
gave p-anisic acid, from which a little benzoic acid was separated by 
sublimation. The product from benzylidene-p-mctiioxybenzylamine 
(Found : C, 80-1; H, 6-8%) behaved similarly. 

Determination of the Equilibrium.—-Preliminary experiments with 
artificial mixtures of the azomethines led to two methods by which 
‘their proportions could be estimated with fair accuracy. The first 
depends essentially on an estimation of the methoxyl content of the 
mixture of acids obtained’ as described above. After hydrolysis of 
the original mixture of azomethines, the aldehydes are isolated by 
extraction with ether and, after partial removal of the solvent 
under a long column, oxidised to the acids, which are extracted 
from the acidified solution with ether after dissolution of the oxides 
of manganese by the passage of sulphur dioxide. The second 
method (which on the whole is to be preferred, since it avoids the 
difficulty of freeing from solvent without loss mixtures containing 
so volatile a substance as benzoic acid) consists in converting the 
mixed aydes into their semicarbazones and estimating the 
methoxyl éontent i the latter, due correction being applied for the 
solubilitiés of the’ Semicarbazones in the medium (100 c.c. of 2-5% 
aqueous ethyl alcohol containing 0-05 g. of free semicarbazide 
carbonate) from Which they are precipitated. (The medium 
referred to was found to contain 0-0615 g. of benzaldehydesemi- 
carbazone and @-1102 g. of p-anisaldehydesemicarbazone unpre- 
cipitated.) A third method employing the mixed bases was found 
to be less expeditious and accurate than either of the above pro- 
cesses, and was therefore not developed. The following results 
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relate to products of interconversion obtained under the conditions 

specified in the preceding paragraph (py-methoxybenzylidenebenzyl- 

amine = I, benzylidene-p-methoxybenzylamine = II) : 
MeO-Compound by 


Zeisel. 
Per- 


Isomeride Substances Conversion wt. Wh Mols. centage 
analysed. (%). uncorr. corr. %. of I. 


I Semicarbazones 98-6 81-1 82-3 79-7 79-7 
II - 96-6 79-1 80-4 77-7 
II ee 97-2 78-0 79-4 76-5 78-0 


II Acids 98-2 83-1 79-8 | 

The mean percentage of I, namely 78-9%, is recorded in the 
introduction as the percentage at equilibrium. The equilibrium 
ratio ka» r/kar-> p is 21-1/78-9 = 0-268. 

Action.of Alkali on Methylenebenzylamine and Benzylidenemethyl- 
amine,—Methylenebenzylamine, obtained by dehydration of benzyl- 
aminomethyl alcohol (Henry, Ber., 1895, 28, 924) over sulphuric 
acid in a vacuum and crystallised from ligroin, had m. p. 48° (Henry, 
loc. cit.,. records 48°). It was stable to boiling aqueous alkali and 
boiling 1-46N-.and_ 2-92N-alcoholic sodium, ethoxide, and was 
hydrolysed by hot 2N-sulphuric acid to formaldehyde and benzyl- 
amine but no benzaldehyde, Fusion with potassium hydroxide at 
300°, and heating with 1-45N-alcoholic sodium ethoxide at 190° 
for 7 hours, yielded nearly colourless oils whieh on hydrolysis with 
mineral acids gave formaldehyde (qualitative tests), benzaldehyde 
(about 10% of semicarbazone), benzylamine (picrate,chioroplatinate), 
and a very volatile base (small quantity). _These results indicate a 
partial conversion into benzylidenemethylamine by potassium hydr- 
oxide and sodium ethoxide at the temperatures employed. 

Benzylidenemethylamine prepared by Zaunschirm’s method 
(Annalen, 1888, 245, 281) contained benzaldehyde which could not 
be removed by distillation. Since treatment with aqueous semi- 
carbazide acetate and sodium hydrogen sulphite brought about 
hydrolysis of the azomethine, the crude product was treated with an 
excess of hydroxylamine in 10% aqueous sodigm xide. _ Dis- 
tillation of the residue from the ethereal extract. the pure 
azomethine as a colourless oil, b. p. 90—91°/30 mm... nts 
parallel with those indicated in the preceding yielded no 
evidence of conversion into ita Mlib ec = presence 
of hot alkali. 


We wish to thank the Chemical Society and the’ Réyal Society 
for grants in aid of this investigation. 


THe University, LEEps. [Received, April 23rd, 1929.] 
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CLX.—The Mechanism of Tautomeric Interchange 
and the Effect of Structure on Mobility and Equili- 
brium. PartIV. Further Evidence relating to the 
Mechanism of Acid Catalysis in the Mutarotation 
of Nitrogen Derivatives of Tetra-acetylglucose. 


By Joun WittiAM Baker. 


In Part II (J., 1928, 1583) two types of catalyst for the muta- 
rotation of certain nitrogen derivatives of sugars were recognised : 
(i) those which attack the ionising proton directly, and (ii) those 
which facilitate its liberation indirectly, this class including strong 
acids. Since tetra-acetylglucosidylmethylanilide, in which the 
mobile hydrogen of the tautomeric system [H]—N R-C_0-¢ = 


NR=C C-O[H] has been replaced by a methyl group, could not 


be induced to exhibit mutarotation even in the presence of con- 
siderable concentrations of hydrochloric acid, it was concluded that 
for such weak bases the attack of the catalyst involves, not actual 
co-ordination of the acid proton, but merely the augmentation, by 
an electrostatic mechanism, of the positive field in the region of the 
electrons binding the original (mobile) hydrogen atom. It was 
considered possible, however (loc. cit., p. 1586), that in the case of 
derivatives of very strong bases such actual co-ordination of the 
catalyst proton might occur. The resulting salt might thus have 
acquired the necessary mobile hydrogen and exhibit mutarotation 
consequent on the equilibration of the kationic system. 


; omy fy ® 3 
[H]-NR,R,—C—O—¢ <== NR,RC C-OfH] 


a- and £-forms. 


In order to test this possibility various tetra-acetylglucosidyl 
derivatives of the type required have been prepared by the action 
of tetra-acetylglucosidyl bromide on strong secondary bases, which 
include various p-substituted benzylmethylamines, dimethyl- and 
diethyl-amines and piperidine. The hydrochlorides of these sugar 
derivatives have been isolated in a crystalline condition, and their 
solutions in absolute or 90% alcohol do in fact exhibit a change in 
rotation in accordance with the kinetics of unimolecular reaction. 
This change, however, does not appear to be due to the inter 
conversion of the «- and $-forms, but to slow fission of the derivative 
into the parent tetra-acetylglucose and the hydrochloride of the 

TT 
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secondary base. A similar phenomenon is observed when the free 
sugar derivatives are examined in ethyl acetate solution in the pre- 
sence of a little hydrochloric acid as a catalyst, and in these cases slow 
crystallisation of the base hydrochloride from the solution occurs in 
the polarimeter tube. On the basis of these negative results it 
seems probable, therefore, that for mutarotation, dependent on 
simple isomeric change, to be possible, the original sugar derivative 
itself (as distinct from its kation) must contain a separable hydrogen 
atom as was originally postulated by Baker, Ingold, and Thorpe 
(J., 1924, 125, 268). 


EXPERIMENTAL. 


Preparation of p-Substituted Benzylmethylamines.—A mixture of 
21 g. of the appropriate p-substituted benzyl bromide, 40 c.c. of 
33% aqueous methylamine solution, and 200 c.c. of alcohol was 
warmed at 30—40° for 1 hour. Most of the alcohol was then distilled 
off, the residue was poured into dilute sodium hydroxide solution 
and shaken with ether, and the bases were extracted from the 
ethereal solution by dilute hydrochloric acid, recovered by means 
of ether from the basified extract, dried over anhydrous potassium 
carbonate, and, after removal of the ether; fractionated under 
reduced pressure; the monobenzylmethylamine distilled _ first 
(yield, 6—7 g.) and then, at a much higher temperature, the dibenzyl- 
methylamine, which was not generally further purified. The 
secondary bases were purified and characterised in the form of their 
hydrobromides. 

p-Methylbenzylmethylamine has b. p. 84°/6 mm. The hydro- 
bromide separates from alcohol-ligroin in glistening plates, m. p. 166° 
(Found: Br, 36-9. C,H,,N,HBr requires Br, 37-0%). 

p-Chlorobenzylmethylamine has b. p. 101°/5 mm. The hydro- 
bromide crystallises from absolute alcohol in feathery clusters of thin 
square plates, m. p. 196° siaemelt Br, 34:0. C,H, NCI,HBr 
requires Br, 33-8%). 

p-Cyanobenzylmethylamine has b. p. 143°/6 mm. The hydro- 
bromide crystallises from absolute alcohol in clusters of fine needles, 
m. p. 209—210° (Found: Br, 35-3. C,H,,.N,,HBr requires Br, 
35°3%). 

Di(p-methylbenzyl)methylamine has b. p. about 180°/6 mm., and 
di(p-chlorobenzyl)methylamine b. p. about 200°/5 mm. 

Di(p-cyanobenzyl)methylamine is left as a semi-solid residue after 
distillation of the p-cyanobenzylmethylamine. It crystallises from 
ligroin (b. p. 40—60°) in clusters of thin plates, m. p. 65°. The 
hydrochloride, crystallised from alcohol, has m. p. 250° (decomp.) 
(Found : Cl, 12-5. C,,H,;N3,HCl requires Cl, 11-9%). 
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Preparation, of Tetra-acetylglucosidyl Derivatives of Various 
Secondary Bases.—Tetra-acetylglucosidyl bromide * (1 mol.) and the 
substituted benzylmethylamine (2 mols.) were gently warmed in 
ethereal solution until most of the ether had evaporated; the 
mixture was then left at the ordinary temperature for several hours. 
Separation of the hydrobromide of the base began almost 
immediately. The product was diluted with dry ether, the hydro- 
bromide filtered off and washed with dry ether, the filtrate and 
washings extracted with 5% hydrochloric acid to remove any 
unchanged base, and the residue from the dried ethereal extract left 
to crystallise. The product from the p-cyano-derivative, which 
would not crystallise well, was converted into its hydrochloride by 
the action of hydrogen chloride in dry ether, and regenerated by the 
action of sodium carbonate solution. In the other cases the hydro- 
chlorides were similarly prepared from the purified tetra-acetyl- 
glucosidylbenzylmethylamides. 

The benzylmethylamide, crystallised from ether—ligroin, has m. p. 
125° (Found: C, 58-5; H, 6-6. C,,.H,,O,N requires C, 58-5; H, 
65%). The hydrochloride, after crystallisation from a concentrated 
solution in ether-ligroin, has m. p. 80° (Found: Cl, 7:3. 
Cy9H gO gN, HCI requires Cl, 7-3%). 

The p-methylbenzylmethylamide crystallises from ligroin (b. p. 
60—80°), containing a little ether, in rosette clusters of fine needles, 
m. p. 99—100° (Found: C, 59-4; H, 6-5. C,,H,,0,N requires 
(, 59-3; H, 6-7%). The hydrochloride crystallises with difficulty 
from a concentrated solution in alcohol-ligroin (b. p. 60—80°) ; m. p. 
175° (decomp.) (Found: Cl, 7-0. ©,3H3,0,N,HCl requires Cl, 
71%). 

The p-chlorobenzylmethylamide, crystallised from ether-ligroin, 
has m. p. 104—105° (Found: C, 540; H, 5:7. C,,.H,,0,NCI 
requires C, 54-3; H, 58%). The hydrochloride crystallises from 
alcohol-ligroin in clusters of fine needles, m. p. 137° (decomp.) 
(Found: ionisable Cl, 6-9. C.,H,,0,NCI,HCl requires ionisable 
1, 70%). 

The p-cyanobenzylmethylamide crystallises from ether-ligroin in 
lumps of fine needles, m. p. 85—86° (Found: C, 57:7; H, 6-0. 
‘gH OgN, requires C, 57-8; H, 5-9%). The hydrochloride, crystal- 
ised from hot alcohol, has m. p. 146° (decomp.) (Found: Cl, 7-1. 

~H,.OgN,,HCl requires Cl, 6-9%). 

Condensation of tetra-acetylglucosidyl bromide with piperidine 
yields two different products according to the experimental con- 

* Tetra-acetylglucosidyl bromide (f-acetobromoglucose) is best purified by 


rystallisation from anhydrous ether. It may then be stored indefinitely 
bver phosphoric oxide and a little potassium hydroxide in a vacuum. 
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ditions. (1) When 30 g. of tetra-acetylglucosidyl bromide are added 
to 50 c.c. of piperidine so that practically the whole dissolves before 
any considerable amount of action sets in, and the mixture is kept at 
Q—10°, a sudden vigorous reaction with much evolution of heat 
begins after a short period. At this stage a large volume of ether is 
rapidly added, the separated piperidine hydrobromide filtered off, § 
and the product worked up as before. Addition of ligroin to the 
dried concentrated ethereal extract induces crystallisation (especially 
after seeding). The separated crystals (4-5 g.) are recrystallised 
from methyl! alcohol-ligroin and then from ether containing a little 
methyl alcohol. The piperidide A was thus obtained in long thin 
prisms, m. p. 123° without decomposition. Decomposition slowly 
occurs in the fused substance (Found : C, 54-9; H,7-1. Cy, H,,0,N 
requires ©, 54-9; H,7-0%). The hydrochloride of this form crystal- 
lises from alcohol-ligroin in clusters of slender prisms, m. p. 126° 
(Found: Cl, 7-5. C,H ,g0,N,HCl requires Cl, 7-8%). 

(2) When the tetra-acetylglucosidyl bromide is added slowly in 
0-5 g. portions to the piperidine diluted with half its volume of ether, 
and the reaction mixture is kept cool in ice, separation of piperidine 
hydrobromide occurs slowly without rise in temperature. After the 
addition is completed the mixture is left in ice for 1 hour and thenat 
the ordinary temperature for 3 hours. Since the form obtained 
under these conditions is much less soluble in ether, it is filtered off, 
mixed with piperidine hydrobromide, after dilution of the reaction 
mixture with dry ether. After removal of the piperidine hydro- 
bromide with water the piperidide B crystallises from methyl 
alcohol-ligroin or ethyl acetate-ligroin in fine needles, m. p. 
136° (decomp.) with previous slight darkening (Found: C, 544; 
H, 7-1%). A mixture of the two forms softens and darkens a 
120—123°, but fusion (with decomposition) is not complete until 
136°. The hydrochloride of the second form is unstable. Rapid 
crystallisation from the smallest possible volume of alcohol-ligrom 
yields large prisms, m. p. 130—131° (decomp.) (Found : Cl, 8-7%), 
but slower crystallisation yields a much more soluble product 
obtained only as a crystalline powder, m. p. 126—127° (Found : (I, 
12-4. The deacetylated derivative C,,H,,0;N,HCI requires (I, 
12-5%). 

The Diethylamide.—Tetra-acetylglucosidyl bromide (10 g.) was 
added in small portions to 10 g. of anhydrous diethylamine at 
30—40°. The reaction mixture was kept at the ordinary temperature 
until separation of the diethylamine hydrobromide was complete. 
The crude diethylamide was isolated in the usual manner as a yellow 
viscous gum which, since it could not be induced to crystallise, was 
converted directly into its hydrochloride by the action of hydrogen 
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chloride in dry ether. The sticky solid hydrochloride, after being 
washed with ether and crystallised from ethyl acetate containing a 
little methyl alcohol, had m. p. 152—153° (Found: Cl, 8-3. 
C,H gO,N,HCl requires Cl, 8-1%). The yield was very small. 

The dimethylamide hydrochloride, obtained similarly, had m. p. 
159—160° (decomp.) (Found: Cl, 8-7. C©,,H,;0,N,HCl requires 
Cl, 8-6%). 

Fission of the Hydrochlorides of Tetra-acetylglucosidyldiaryl(alkyl)- 
amines.—(a) In 90% alcohol at 24-5°. Since examination of the 
residue after the change in rotation shows that fission has occurred, 
only summaries of the polarimetric results are recorded. The 
experimental details are the same as those recorded in previous 
parts of this series (loc. cit.). 

Benzylmethylamide. Strength of solution, 1-196 g./100 c.c. 
Mean value of unimolecular & (6 observations), 6-5 hrs.1 (maxi- 
mum, 68; minimum, 6-1). The residue obtained by evaporation 
of the solution in a vacuum at the ordinary temperature was tri- 
turated several times with dry ether to remove. any tetra-acetyl 
glucose produced by hydrolysis. The insoluble residue without 
purification had m. p. 178—180° and contained Cl, 23-1 (Calc. for 
C,H,-NHMe,HC1: Cl, 22-5%). 

p-Chlorobenzylmethylamide. Strength of solution, 0-726 g./100 c.e. 
Mean value of k (6 observations), 5-8 hrs.-1 (maximum, 6-0; minimum, 
5-4). 

p-Cyanobenzylmethylamide. Strength of solution, 0-650 g./100 c.c. 
Mean value of k (9 observations), 2-46 hrs.! (maximum, 2-98; 
minimum, 2-20). The residue obtained as previously described 
contained Cl, 20-9 (Calc. for CN-C,H,-NHMe,HC1: Cl, 19-4%). 

p-Methylbenzylmethylamide. Strength of solution, 0-714 g./100 
c.c. Mean value of k (6 observations), 13-3 hrs.-! (maximum, 14-1; 
ninimum, 12-6). 

Piperidide (A, m. p. 126°). Strength of solution, 0-836 g./100 c.c. 
Mean value of k, 12-8 hrs.+ (maximum, 14-3; minimum, 11-3). 

Interconversion of the two forms could not be accomplished. 

Dimethylamide. Strength of solution, 0-773 g./100 c.c. Fission 
isextremely rapid. Mean value of k (3 observations), approximately 
32 hrs.-1, 

(b) In absolute alcohol at 245°. Dimethylamide. A _ solution 
containing 0-362 g./100 c.c. (this being the limit of its solubility) 
changed in rotation from [«];4g,; — 15-1° to [«}s4g, + 95° in 26 hours. 
The residue, worked up as previously described, contained Cl, 
30-0 (Cale. for C,,H,,O,N,HC1: Cl, 8-6. Calc. for NHMe,,HCI : 
Cl, 43-5), showing that fission was almost complete. 

Benzylmethylamide. A solution containing 0-802 g./100 c.c. 
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changed from [«]54g, — 4°4° to [«]54g, + 29-4° in 24 hours (final value, 
54°). The residue after removal of the ether-soluble portion con- 
tained Cl, 23-9 (Calc. for C;H,-NHMe,HC1: Cl, 22-5%). 

Mutarotation of Tetra-acetylglucosidyldiaryl(alkyl)amides in Ethyl 
Acetate containing Hydrochloric Acid at 24-5°.—Benzylmethylamide. 
A solution containing 0-902 g. of the amide and 0-687 g. of 22:5 
wt.% hydrochloric acid (2 mols.) in 100 c.c. of dry acid-free ethy} 
acetate changed in rotation from [«];4g, — 13-3° to + 27-1° in 128 
hours, whence the mean value of k is 0-036 hr.-!. The residue, 
freed from the ether-soluble portion, contained Cl, 17-8 (Calc. for 
C,H,-NHMe,HCl1: Cl, 22-5%), hence a large amount of fission had 
occurred. 

p-Chlorobenzylmethylamide. A solution containing 0-971 g. of the 
amide and 0-683 g. of 22-5 wt.% hydrochloric acid (2 mols.) in 
100 c.c. of ethyl acetate changed from [«];4,, — 10-8° to + 21-6° in 
120 hours, whence the mean value of k is 0-052 hr.-1. Some p-chloro- 
benzylmethylamine hydrochloride, m. p. 198—200° (Found: 
ionisable Cl, 18-2. Cale.: ionisable Cl, 18-5%), separated in the 
polarimeter tube. 


The author desires to thank the Royal Society for a grant with 
the aid of which most of the expense of this investigation was met. 


THE UNIVERSITY, LEEDS. [Received, April 13th, 1929.] 





CLXI.—The Constitution of the Red Isomeride of 
Creatinine Picrate responsible for Jaffés Colour 
Reaction. 


By Winston Kennay ANSLOwW and Harotp KIne. 


Ir was shown by Jaffé in 1886 (Z. physiol. Chem., 10, 399) that an 
intense red colour is produced when a solution of creatinine is 
treated with aqueous picric acid and then with caustic alkali. 
Although this reaction has been extensively used for the quantitative 
estimation of creatinine in biological fluids since Folin (ibid., 1904, 
41, 223) made it the basis of a colorimetric method, it cannot be said 
that the chemistry underlying Jaffé’s observation is at all under- 
stood. Greenwald (and Gross) have devoted-considerable attention 
to this reaction and have discovered a number of facts of import- 
ance. They dismissed (J. Biol. Chem., 1924, 59, 601) the suggestion 
(Chapman, Analyst, 1909, 34, 475) that the red colour was due to 
sodium salts of reduction products of picric acid (picramic acid, etc.) 
and produced evidence for the existence of a red ‘‘ tautomeride ” of 
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yellow creatinine picrate. The constitutional formula suggested by 
Greenwald (J. Amer. Chem. Soc., 1925, 47, 1440), however, is open 
to criticism. 

By comparing the reaction of creatinine with that given by a 
number of its derivatives, Greenwald showed that the red colour was 
produced only by those derivatives in which a keto-enolic change 
was possible. NMeCH, NMe-CH 

e* BS e* 
pate CN H-CO a CHC ‘OH 

Furthermore, Weise and Trop (Z. physiol. Chem., 1928, 178, 125) 
conclude from a study of the reaction of numerous other substances 
with alkaline picric acid that Jaffé’s reaction for creatinine is but a 
special case of a general reaction for active methylene or methine 
groups. Any explanation of the reaction must, therefore, take 
cognisance of the necessity for the presence of a mobile hydrogen 
atom of acidic character. 

When the red alkaline solution of creatinine picrate was acidified, 
Greenwald and Gross, following on some earlier unpublished observ- 
ations of 8. R. Benedict and H. W. Banks, found that a red substance 
was precipitated which proved to be, on their interpretation, a 
“tautomeric ’’ form of creatinine picrate. This could be changed 
by the application of heat into the yellow form of creatinine picrate. 
In a discussion of the conditions necessary for the production of the 
red colour, Greenwald (loc. cit.) assumed that creatinine or its sub- 
stitutes function as bases, forming salts with picric acid. It is 
difficult to reconcile such an assumption with the observations that 
the red colour is only generated in alkaline solution and that it is 
given by non-basic substances such as malonic ester and ethyl 
acetoacetate. 

The results of an investigation of Jaffé’s reaction with which 
we have been engaged for some time confirm the existence of a red 
isomeric form of creatinine picrate and permit us to put forward a 
constitutional formula for this substance which is in agreement with 
the whole of the experimental evidence. 

Red creatinine picrate may readily be prepared by the method to 
be described, a point of importance for obtaining a good yield being 
that acidification of the reaction mixture should be practically 
instantaneous. The product when freed from small amounts of 
uncombined picric acid by ether extraction is very sparingly soluble 
in water, readily soluble in sodium hydrogen carbonate solution, 
and is precipitated unchanged from the latter by mineral acids. It 
is not affected by contact with concentrated hydrochloric acid. It 
is, therefore, evident that the red alkaline solutions contain a red 
sodium salt of which red creatinine picrate is the free acid. 
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It is, indeed, possible to determine the number of points of acidity 
in the molecule by means of baryta. If red creatinine picrate be 
shaken with saturated baryta solution, in absence of carbon dioxide, 
it is converted into an insoluble scarlet barium salt. On analysis of 
the product the significant fact emerges that red creatinine picrate 
is a dibasic acid, and in presence of excess of baryta one acidic centre 
can form basic salts. Precisely similar results are obtained starting 
from a saturated solution of yellow creatinine picrate, containing 
yellow creatinine picrate in suspension. When treated with grad- 
ually increasing proportions of baryta, red barium salts of the same 
composition as those from red creatinine picrate are obtained. 
In the light of the above facts, it is now possible to formulate red 
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creatinine picrate and its salts. Since an alkaline solution of picric if 
! acid becomes deep red on addition of creatinine, it is unlikely that al 
the phenolic group of the picric acid molecule is involved. Con- in 
bination of picric acid and creatinine therefore takes place through bi 
the nitro-groups. The nitro-group contains normally one semi- oc 
polar double bond (I) and in its reactive phase two semi-polar double m 
bonds (II) (compare Bennett and Willis, this vol., p. 258). 90 
R R ad 
©) :0:N;0; and :0:N:0; at) rs 
_ a _ ao —_ : 
The anions of substances capable of keto-enol tautomerism and of is ¢ 
substances containing reactive methylene groups are predominant ( 
in alkaline solution and will be attracted by the positively charged be 
nitrogen atom in (I). The approach of the anion induces a greater hor 
degree of polarity as shown by the reactive phase of the nitro-group of 
(II), with which co-ordination can then take place with consequent 3-n 
re-arrangement of charges. Alternatively, one might postulate an tra 
exiguous concentration of the reactive phase (II) as being present req) 
in solution in equilibrium with the normal form. Combination of solu 
creatinine and picric acid in alkaline solution thus takes place through acic 
co-ordination of the nitro-group with the enolic group and develop- crea 
ment of a new centre of acidity. Red creatinine picrate would give 
therefore be written as (III). The problem as to which nitro-group fluic 
£ of ¢ 
gol }-e-0-¢— —NH HO ate ¢ 
2 Si tok or i 
NO, O- CH-NMe7 CH, ff prel 
H an) He av, oon 
solu: 





is involved with creatinine and which, if any, is present in quinonoid 
form (compare Hantzsch, Ber:, 1906, 39, 1084) with caustic alkali 
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remains undecided. It is of interest that two sodium salts, one con- 
taining 1 molecule of creatinine, 1 of picric acid and 2 of sodium 
hydroxide, the other, 2 molecules of creatinine, 1 of picric acid and 3 
of sodium hydroxide have been prepared by Greenwald (J. Biol. 
Chem., 1928, 77, 539 ; 1928, 80, 104) and fit in with the above formul- 
ation of the red acid. The presence of three nitro-groups in picric 
acid would allow of the addition of at least two molecules of creatinine 
in the way formulated above, and the compound formed would 
require 3 atoms of sodium as found by Greenwald. 

In support of our formulation we may adduce an important 
observation of Reissert (Ber., 1904, 37, 837) which has now been 
followed up. When a solution of sodium ethoxide is added to an 
acetone solution of 2 : 4-dinitrophenol, the solution becomes red and 
if sufficiently concentrated deposits a brick-red sodium salt. When 
an aqueous solution of this salt is acidified with acetic acid, an 
intense violet-red colour is produced which is stable for some minutes, 
but if acidified with hydrochloric acid only a transient colour change 
occurs. We have prepared this sodium salt and find that under the 
most favourable conditions it consists of a mixture of 15-5% of the 
sodium salt of dinitrophenol with 84-5% of the disodium salt of an 
addition compound of acetone with dinitrophenol. The formul- 
ation (IV) of the additive compound is exactly analogous to that of 
red creatinine picrate. 

When the disodium salt is acidified, the intense colour produced 
is evidently that of the unstable dibasic acid liberated. 

Greenwald and Gross comment on the fact that picric acid cannot 
be replaced in Jaffé’s reaction by other nitrophenols. Contrary, 
however, to the observations of these authors, we find that addition 
of creatinine to alkaline solutions of 2: 4-dinitrophenol and of 
3-methylpicrie acid gives orange-red solutions, although in con- 
tradistinction to the reaction with picric acid a few mimutes are 
required for the colour to develop. Furthermore, when alkaline 
solutions of 2 : 4-dinitrophenol, 2 : 6-dinitrophenol, 3-methylpicric 
acid, and 2: 4-dinitro-l-naphthol-7-sulphonic acid containing 
creatinine are gradually treated with N-hydrochloric acid, they each 
give a transient red colour which at neutrality pervades the whole 
fluid and is temporarily stable, but disappears on addition of excess 
of acid. The colour cannot be reproduced by approaching the 
reaction mixture from the acid side. TIonisation of the enolic form 
or ionisation of the reactive methylene compound is an essential 
preliminary to formation of the co-ordination complex, and this 
condition is most readily attained by salt formation in alkaline 
solution. 


TT2 
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ExPERIMENTAL, 


Preparation of Red Creatinine Picrate-—A solution of picric acid 
(10 g.; 1 mol.) in boiling water (200 c.c.) was added to a solution of 
creatinine (5 g.; 1 mol.) in 50c.c. of water. When cold, the solution, 
containing yellow creatinine picrate in suspension, was made alkaline 
with 50 c.c. of 2N-sodium hydroxide solution. The resultant deep 
red solution was cooled in ice and before crystallisation of sodium 
picrate had begun 50 c.c. of concentrated hydrochloric acid were 
added all.at once with vigorous stirring. (Slow addition of acid 
gives a mixture of yellow and red precipitates which may finally be 
entirely yellow.) The red precipitate was collected and washed free 
from chlorides. When dry it weighed 8-6 g. and after removal of a 
small amount of picric acid by extraction in a Soxhlet extractor with 
ether, it weighed 7-1 g. When so prepared, “red ”’ creatinine picrate 
is a carmine-coloured powder, and is definitely crystalline and 
anisotropic. When heated in a capillary tube, it turns yellow 
between 160° and 170° and then melts in the neighbourhood of 213°. 
Pure yellow creatinine picrate melts at 220—221° (Found : loss at 
120°, 4:5; picric acid by nitron, 63-7. C,H,ON ;,C,H,0,N;,H,0 
requires H,O, 5-0; picric acid, 63-6%). 

The effect on the yield of varying the initial relative proportion of 
creatinine and picric acid is shown in the following table. The yield 
in each case is that obtained from 1 g. of creatinine. 

Creatinine/picric acid : 1 
Yield of precipitate (g.) ........ 0-7 
Yield after ether extraction (g.) 0-65 
Loss at 120°, % 1-7 


% Picric acid on anhydrous 
solid 66-2 66-6 66- 


(C,H,ON;,C,H,0,N;, requires picric acid, 66-9%). 


1:F I:1- 


From this table it is clear that the proportion recommended by 
Greenwald, 1 mol. of creatinine to 2} mols. of picric acid shown in 
the last column, possesses no advantage-over the proportion recom- 
mended by us as shown in the second column. The use of excess 
of picric acid results in an increased weight of precipitate, but most 
of this is free picric acid which has to be removed by prolonged 
ether extraction. 

Conversion of Red into Yellow Creatinine Picrate—Red creatinine 
picrate (0-53 g.) was boiled with water (17 c.c.) until a clear yellow 
solution was obtained. On cooling, pale yellow needles (0-44 g.) 
of yellow creatinine picrate were obtained as was shown by m. p., 
crystalline form and analysis (Found: picric acid, 66-7. Calec.: 
66-9%). This property of forming a clear yellow solution on boil- 
ing with water was made use of for the estimation of the picric acid 
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content of red creatinine picrate. Once in solution, precipitation 
by nitron was carried out in the usual way. 

Red Barium Creatinine Picrates.—The calculated amount of satur- 
ated, standard baryta solution (0-4 NV) free from carbonate was added 
to very finely powdered red creatinine picrate in a stoppered vessel, 
and the mixture shaken for } hour. The product, a scarlet solid, 
was rapidly filtered off and then quickly transferred to porous plate 
without washing so as to avoid possible hydrolysis. It was then 
dried in a vacuum. 

For analysis of these salts, the barium compound was dissolved 
in boiling water, dilute sulphuric acid added, and the barium sulphate 
collected and weighed. Picric acid was then determined in the 
filtrate by nitron. Nitrogen was determined by Kjeldahl’s method 
after preliminary reduction of the nitro-groups with tin and 
hydrochloric acid. 

The following table shows the results of analysis of the products 
obtained when red creatinine picrate was treated in the manner 
described with increasing amounts of baryta. 

% Loss % Picric 
at 120°. % Ba. acid. %N. Ba: Picric acid: N. 
15-6 24-0 37°3 13-7 1-07: 1: 5-99 
14-8 25-5 35-5 12-5 1-2 :1:5-76 
14-7 29-3 33-6 {12-7 1-45: 1:6-18 
29-8 29-7 11:8 1-67: 1: 6-49 
2 30-0 11-4 1-73: 1: 6-2 


15-2 31-2 
Cale. for the normal salt, (C,;j,H,0,N,),Ba,,14H,O : H,O, 20-9; Ba, 22-8; 
N, 13-9; picric acid, 37-9%. Calc. for the basic salt, 
(C,,H,0,N,)2,Ba;(OH),,20H,0 : 
H,0, 24-2; Ba, 27-7; N, 11-3; picric acid, 30-8%.] 


l: 
1: 
1: 
l: 14-3 
1: 
[ 


When yellow creatinine picrate was used in exactly the same way 
instead of red creatinine picrate, the results obtained were very 
similar and are shown in the following table : 

Picrate % Loss % Picric 

BE at 120°. % Ba. acid. YN. Ba: Picric acid : N. 
13-3 26-9 39-0 13-4 1-15: 1: 5-61 
14-1 29-5 35-0 12-0 1-4 :1: 6-07 
18-8 28-4 27:7 10-3 1-71: 1: 6-13 
15-3 32-3 31-4 11-5 1-71: 1: 6-00 

A study of these two tables, particularly the columns involving 
Jatios, shows that red barium creatinine picrate is the barium salt 
of a dibasic acid. In the first row in both tables, where the baryta 
and creatinine picrate (red or yellow) are used in equimolecular pro- 
portion, the whole of the available barium is fixed and is equivalent 
to two acidic centres. Whatever excess of baryta is used, the 
barium fixed only rises very slightly above three equivalents. The 
high barium ratios found for the salts of highest barium content, 
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namely, 1-7 instead of 1-5, is explained by the difficulty of removing 
adhering baryta by the method of preparation employed. For this 
reason the analytical figures for barium are probably slightly high 
in every case, 

The simplest interpretation of these results is that in the presence 
of two equivalents of baryta a normal barium salt is formed of the 
following formula, whereas in presence of excess of baryta a partly 


om NO, 0 


ce NO NH. _,. 
Oba CH-NMe> oN 


basic salt is formed of es following formula : 


ba! NO, 9 
\o 


3 ‘Ba-OH CH-NMe> = 


When red barium iaehtiaes picrate (1-0 g.) was ground with con- 
centrated hydrochloric acid (5 ¢.c.), red creatinine picrate was 
liberated (yield, 0-25 g.). On heating in a capillary tube, it became 
yellow at about 150° and melted at about 209°. A mixture with red 
creatinine picrate melted at 211°. 

Action of Sodium Ethoxide on 2 :4-Dinitrophenol in Presence of 
Acetone.—2 : 4-Dinitrophenol (2 g.) was dissolved in a mixture of 
absolute alcohol (50 c.c.) and acetone (25 c.c.). The addition of 
sodium ethoxide solution (from 2-5 g. of sodium in 50 c.c. of alcohol) 
produced a deep red solution and in a few seconds this was followed 
by separation of a brick-red precipitate. This was collected, washed 
with absolute alcohol and ether, and dried in a vacuum (yield, 
3:19 g.). The substance has no m. p. and explodes on heating. 
When dissolved in dilute sulphuric acid and extracted with ether, 
it gave a good yield of unchanged dinitrophenol, and when a small 
quantity was dissolved in dilute sulphuric acid and distilled, the first 
few drops of distillate had the odour of acetone and gave Legal’s test. 

On analysis the product proved to be mainly the disodium salt of 
acetone—dinitrophenol mixed with a small proportion of sodium 
dinitrophenoxide. Attempts to prepare a product uncontaminated 
with the latter salt were unsuccessful (Found: Na, 14-2; N, 8-8; 
acetone by Messinger’s method, 15-4, whence ratio Na : N : acetone is 
0-98: 1:0-42. Cale. for a 84-5% mixture of C,H,0;N,Na,C,H,ONa 
and 15-5% of C,H,0;N,Na, the whole containing 10% of moisture : 
Na, 13-8; N, 9-3; acetone, 15-4°%). 

Nationa INSTITUTE FOR MEepIcAL RESEARCH, 

HAMPSTEAD. [Received, April 18th, 1929.] 
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CLXII.—Acid and Salt Effects in Catalysed Reactions. 
Part XX, The TIonisation of Acids in Salt 
Solutions. 

By Harry Meprorta Dawson and Wiiu1am Lowson. 


THE methods which have been used for the determination of the 
degree of ionisation of acids in accordance with the classical ionic 
theory depend on measurements of electrical conductivity, freezing- 
point change, potential difference and reaction velocity. Such 
observations continue to provide the necessary data, although the 
method of interpretation has been modified in all cases by recent 
theoretical developments. 

The most widely used method is, of course, the conductivity 
method and it is probable that this yields substantially correct 
results if its application is restricted to dilute solutions of the 
weaker acids. When salt solutions are substituted for water as the 
solvent medium, the conductivity method fails for obvious reasons, 
and in these circumstances it is necessary to look for other methods 
which may permit of the determination of the degree of ionisation 
of acids. The present paper gives an account of an attempt to 
derive the required hydrogen-ion concentration (as distinguished 
from the hydrogen-ion activity) from reaction velocity data and to 
ascertain the influence of the concentration of the salt solution on 
the ionisation constants of acids. 

In general, the application of this method must take account of 
the fact that catalytic effects may be produced by both positive and 
negative ions and by neutral molecules and that the magnitudes of 
the coefficients which characterise the various catalytic entities vary 
with the nature of the reaction medium. If the catalysed reaction 
and the salt solution in question are such that the only measurable 
catalytic effects are those due to the acid under investigation, the 
equation for the specific reaction velocity may be written 


v=, + % + Um = &[H*] + &[A-] + &,{HA] . (1) 
in which the coefficients k,, k,, and k,, depend on the nature and 


concentration of the salt solution. Since [H*]=([A~] and [HA] = 
c — [H*], where c is the concentration of the acid, the above equa- 


tion may be written 
[H+] = (v — kmc)/{kn + Ka — hm) ~~ ~~ (a) 
The experimental data to which this equation is now applied have 


reference to the rate of hydrolysis of ethyl acetate in sodium chloride 
solutions (0O—4 moles per litre) with acetic, glycollic, chloroacetic 
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and dichloroacetic acids as catalyst. One of the advantages 
attaching to the study of this particular reaction is that the co. 
efficients k, and k,, have for the most part such small values that 
they can be neglected in comparison with k,. In other words we 
are mainly concerned with hydrogen-ion catalysis. 

In the application of equation (1a) it is assumed that hydro- 
chloric acid is completely ionised in the sodium chloride solutions 
and that observations made with this acid (0-014) afford therefore 
a measure of k,. If this assumption is valid, it follows that the 
reaction velocity data for the other acids will not be disturbed to any 
measurable extent by the interaction of hydrogen ion with chlorine 
ion even when the ratio [Cl-]/[H*] is of the order 10°—10*. The 
absence of such interference is obviously dependent on the ionisation 
constant of hydrochloric acid and the order of magnitude of this 
would appear to be very uncertain. The value K = 10 is given by 
Schreiner (Z. physikal. Chem., 1924, 111, 419) and K = 10’ by 
Ebert (Naturwiss., 1925, 13, 393). On the other hand, the electrical 
conductivities of very dilute solutions of hydrochloric acid might 
suggest that it is much smaller. In these circumstances, it is 
necessary to consider the possibility that the reaction velocity data, 
more particularly in the case of concentrated sodium chloride 
solutions, may be measurably affected by the formation of un- 
dissociated hydrochloric acid, for this may be See expected 
to be an extremely active catalytic agent. 

If the solvent for the acids under investigation is a concentrated 
solution containing x mols. of sodium chloride per litre, and if 
such solutions contain undissociated hydrochloric acid, the relation 
between [HCl] and [H*] is given by [HCl] = 2[H*]/K and the 
specific reaction velocity for a solution of hydrochloric acid by 


v = k{H*] + k,fHCl] = kfH*](1 + kne/kK) . (2) 


For the corresponding solution of any other acid HA, account 
must be taken of the equilibria HA = H+ + A- and H* + Cl- = 
HCl, and it is evident that the formation of undissociated hydro- 
chloric acid will lead to a hydrogen-ion concentration smaller than 
that which would have been obtained in the absence of interaction 
between the hydrogen and chlorine ions. The specific reaction 
velocity for this solution is given by 


v = kt (1 + knx/kyK) + kef[A-] + knfHA] . (3) 


in which [H*] is less than [A-]. If the second and third terms in 
equation (3) can be neglected, or alternatively evaluated, it is 
apparent that the combination of equations (2) and (3) would permit 
us to derive the relative hydrogen-ion concentrations of the two 





IN CATALYSED REACTIONS. PART XX, 1219 


solutions, but does not enable us to determine the ionisation constant 
of the acid HA. This, indeed, cannot be obtained from the reaction 
velocity data unless the formation of undissociated hydrochloric 
acid is stoicheiometrically and catalytically negligible. Since 
[HCl] = 2[H*]/K and the maximum value of x is about 5, it follows 
that the stoicheiometric effect will be negligible if K is greater than 
about 10% and that the catalytic effect will be negligible if k,,/k,K 
is less than about 10. In this connexion it is important to recognise 
that &,,/k, is a function of K. According to Brénsted (Trans. 
Faraday Soc., 1928, 24, 630) these quantities are connected by an 
equation of the form k,,/k, = aK", where a and m are constants 
which depend on the nature of the catalysed reaction and n>0<1. 
Since this relation is used by us in an attempt to show that k,,/k,K 
is negligibly small, attention may be directed to the values of k,, 
and K which have been derived for a series of acids from catalytic 
observations on the acetone-iodine reaction (Dawson, Hall, and 
Key, J., 1928, 2844). By plotting log k,, against log K, a straight 
line is obtained, and from this constants are derived which lead to 
the equation k,, = 0-0014K°*, or since k, = 4-65 x 10+, to 
km [ky = 3-00 K°*4, The values of k,, calculated from this equation 
are in close agreement with the values derived from the experimental 
data, as may be seen from Table I, in which the first row of figures 


gives the values of K, the second gives the observed values of kp, 
and the third the calculated values. 


TABLE I. 


Propionic Acetic B-Chloro- Glycollie Chloro- Dichloro- 
propionic acetic acetic 


1-38 x 10-5 1-85 x10 1-01 10-* 1-50 x10 1-51 x10 5-0x 107 
I-l 1-35 3°7 5:7 22-2 200 
1-09 1-31 3°88 5-0 22-0 206 


Within limits which are represented by a variation of the ionis- 
ation constant in the ratio 1 : 4000, it is evident from the above table 
that the relation between k,,/k, and K can be accurately represented 
by an equation of the type k,,/k, = aK". An equation of this type, 
namely, k»/k, = K®*, was first suggested by Taylor (Medd. K. 
Vetenskapsakad. Nobel-Inst., 1913, 2, No. 37) as the result of observ- 
ations on the hydrolysis of ethyl acetate. In view of the limited 
scope of those experiments it is probable that the value assigned to 
the exponent » is not very exact. ‘Brénsted’s observations on the 
mutarotation of glucose (loc. cit.) may be expressed by the equation 
ki» /ky, = 0-4 K°? and are of particular importance for our purpose 
in that they show that this type of equation is valid over an ex- 
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tremely wide range of K values. Further confirmation of its validity 
has been provided by observations on the hydrolysis of ethyl 
orthoacetate, orthopropionate and orthocarbonate (Bronsted and 
Wynne-Jones, Trans. Faraday Soc:, 1929, 25, 59). There is thus 
very substantial evidence for the general applicability of the relation 
bb /k = aK". 

When this value for £,,/k;, is introduced into the expression k,,2/ 
k,K which affords a measure of the relative catalytic effect produced 
by undissociated hydrochloric acid (compare equation 2), this 
becomes ax/K1!, in which z and K are determined by the strength 
of the sodium chloride solution, whilst a and (1—n) depend on the 
nature of the catalysed reaction. The available evidence indicates 
that a does not differ greatly from unity and that (I—x) is a positive 
quantity less than unity. From this it follows that, if a solution of 
hydrochloric acid in sodium chloride (e.g., 0-01N-HCl + 1-0N. 
NaCl) contains a catalytically effective quantity of undissociated 
acid, the effect of the latter may be expected to vary with the 
catalysed reaction. Experiment shows, however, that the change 
in the reaction velocity produced by the addition of sodium chloride 
is within narrow limits the same for different reactions ; for example, 
sucrose inversion, ester hydrolysis, and the keto-enol change of 
acetone. This constancy of the salt effect would seem to show con- 
clusively that undissociated hydrochloric acid is not responsible for 
any appreciable catalytic effect. Since the relative magnitude of 
this effect is represented by a/K1", it may be inferred that the ionis- 
ation constant of hydrochloric acid is very large, possibly not less 
than the values suggested by Schreiner and Ebert (loc. cit.). It 
follows further that the reaction velocity data obtained for the 
various acids in solutions of sodium chloride may be applied to the 
derivation of the required hydrogen-ion concentrations by the use of 
equation (14). 

A further point to which attention may be directed is that the 
interpretation of the reaction velocity data does not involve any 
assumption which necessarily distinguishes between the activities 
and the concentrations of the reacting substances. If for the sake 
of simplicity we confine our attention to the action of one of the 
catalytic entities, namely, the hydrogen ion, and suppose that the 
rate of hydrolysis is determined by the respective activities, we may 
write 


» = Intute = kn fulH* If-fester|f<[H,0] 


and since the ester concentration is constant and the values of § 


kn, Sas fe fg and [HO] are determined by the concentration of the 
sodium chloride, it follows that the above equation reduces in 
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general to the form represented by the term for the action of the 
hydrogen ion in equation (1). Rigid adherence to the concept of 
ionic strength might suggest that this is not strictly true in the case 
of the more dilute salt solutions containing the stronger acids, but 
the behaviour of such solutions does not suggest any need for 
differentiation. 

Before proceeding to the description of the results obtained with 
the different acids, it should be mentioned that the actual procedure 
varies somewhat with the strength of the catalysing acid. With 
acetic acid, the auto-catalytic effect must be taken into account, and 
with dichloroacetic acid the catalytic influence of the undissociated 
acid is very appreciable. 

If, in the case of acetic acid, the original concentrations of the 
ester and of the acid are denoted by a and 6 respectively, that of the 
acetic acid formed by y, then, since [H+] = VK(6 + y), we may 
write 


dy/dt = k,[H* |[ester][H,0] = k’,V K(a — y)(b + y)' 


which on integration gives 


1 {1 Va+b+Vb+y 1 Vent 








Ps phaapnincs xtreme ai 
EVE ETF B Vat —vVb+y °"E Vatb— vb 


where k’,\/ K represents the specific catalytic effect of the acetic. 
acid. For a given salt solution, k’, is given by the data for hydro- 
chloric acid (Dawson and Lowson, this vol., p. 393), whence K is 
derived from K = (k',/K, /k’,)?. 

In the experiments with glycollic, chloroacetic and dichloroacetic 
acids the auto-catalytic effect of the acetic acid produced may 
be neglected, and in these circumstances the reaction velocity 
for unit ester concentration is given by v = l/t.loga/a — y. This 
velocity is entirely due to the hydrogen ion when glycollic acid is 
used. With chloroacetic acid, a slight effect is attributable to the 
undissociated acid, and this is quite appreciable in the case of di- 
chloroacetic acid. In order to determine the value of k,, for di- 
chloroacetic acid, the procedure described by Dawson, Hall, and 
Key (loc. cit.) has been followed. To what extent the value of k,, 
obtained in this way is affected by the salt concentration is uncertain, 
but it may readily be shown that such variations in k», are not of 
much importance in the present connexion. 

On the assumption that K for salt-free solutions of dichloroacetic 
acid is equal to 5-0 x 10-*, the value obtained by the method referred 
to is k,n = 0-8 x 10%. The following table shows that the observed 
reaction velocities for acid concentrations over the range c = 0-01 
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to c = 0-2 are in close agreement with the values calculated from the 
equation 


v= % + Um = 65 X 10-[H*] + 0-8 x 10-SHA] . (5) 


The first and second rows give the concentration of the acid and of 
the hydrogen ion, the third and fourth the values of v,.and tm, and 
the fifth and sixth show the calculated and observed velocities, 


Taste II. 
Catalytic activity of dichloroacetic acid. 


0-02 0-05 0-1 
0-0153 0-0309 0-0500 
0-995 2-01 3°25 
0-037 0-15 0-40 
1-03 2-16 3°65 
1-04 2-16 3°78 


The observed velocities are obviously closely reproduced by taking 
into account the catalytic activity of the undissociated acid, which, 
since k,,/k, = 0-8/6-5, is about one-eighth as active as the hydrogen 
ion. 

For the most part, reaction velocities were measured with an 
ester concentration of 20-0 c.c. per litre, but on account of salting- 


out effects this was reduced to 8-0 c.c. in the experiments with 
3M- and 4M-salt solutions. This reduction in the ester concen- 
‘tration does not appreciably affect the velocity when hydrochloric 
acid is the catalyst, but a slight increase is observed in the case of 
the weaker acids. The increase does not, however, materially affect 
the relations shown by the numbers in the following tables. In the 
case of acetic acid (Table III) the data recorded are the sodium 
chloride concentration (x), the value of k',/K given by equation 
(4), and the value of K. For glycollic acid (Table IV) and di- 
chloroacetic acid (Table V) the data given are x, the velocity v = 
1/t. loga/a — y, the hydrogen-ion concentration [H*], and the 
ionisation constant K. The corresponding data for chloroacetic 
acid were recorded in the preceding paper (loc. cit.), which also gives 
the values of k’, derived from the experiments with hydrochloric 
acid. 


TaBxeE III. 
Tonisation of acetic acid (0-1N) in sodium chloride solutions. 


k’,VK.10%  K. 10%. x. kiVK.10% K.105, 
0-269 1-71 -50 0-397 2-94 
0-285 1-91 . 0-423 2-70 
0-308 2-20 . 0-439 1-96 
0-331 2-46 . 0-444 1-41 
0-367 2:77 . 0-400 0-81 
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TaBLeE IV. 
Ionisation of glycollic acid (0-1N) in sodium chloride solutions. 
@. v.10. [H+]. 10%. K. 104. 2. ». 104. [H+]. 10%. K. 104. 
0-255 3-92 1-60 0-350 5-01 2-64 
6-262 4-02 1-68 : 0-372 5-08 2-71 
0-271 4-15 1-80 . 0-410 5-04 2-67 
0-278 4-24 1-88 0-450 4-55 2-17 
0-285 4-34 1-97 y 0-492 4-17 1-81 
0-307 4-61 2-23 ol 0-480 3-40 1-20 


TABLE V. 
Tonisation of dichloroacetic acid (0-05N) in sodium chloride 
solutions. 


v. 10%. [H+]. 10%. K . 102. x v.10‘. [H+]. 10%. K. 10%. 
2-16 3-09 ° ° 2-96 3°49 
2-24 3-19 . : 3°43 3°33 
2-36 3°34 : ? 3°94 3°22 
2-48 3°37 ’ : 4-33 2-95 
2-64 3-44 7-6 


From the above data and the corresponding numbers for chloro- 
acetic acid it is apparent that the ionising tendency of the different 
acids is affected in the same manner by the added salt. As the salt 
concentration increases, the ionisation constant increases to a 
maximum and then decreases. There is indeed a close approxim- 


ation in the behaviour of the different acids, as may be readily seen 
by comparing the values of R, = K,/K,y, where K, is the ionis- 
ation constant in the x molar salt solution and Ky, the constant for 
the salt-free solution. The values of R, are shown in Table VI. 


TaBe VI. 
Values of R, = K,/K, in sodium chloride solutions. 


R,(CH,-00,H). R.x(OH-CH,-CO,H). Rz(CH,Cl-OO,H).* RACHOI,-CO,H), Racal. 
1 1 1 1 1 
1-12 1-05 1-09 1-12 
_ 1-12 1-15 1-17 
— 1-17 1-21 1-21 
1-29 1-23 1-23 ‘ 1-24 
_ — 1-29 1-27 
1-44 1-39 1-42 ° 1-38 
_— — 1-51 1-50 
1-62 1-65 1-56 : 1-58 
1-72 1-69 1-66 , 1-67 
1-58 1-67 1-57 . 1-66 
1-15 1-35 1-28 . 1-33 
0-83 1-13 0-98 1-16 0-94 
0-47 0-75 0-64 0-85 0-63 

The K, values for chloroacetic acid recorded in the preceding paper have 
been slightly modified as the result of supplementary reaction velocity 
measurements; the resulting changes are not of any importance. 


From this table it is apparent that the addition of sodium chloride 
raises the ionisation constant of the acid in all cases to a maximum 
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which is 60 to 70% greater than the constant for the salt-free 
solution and that this maximum is reached at a sodium chloride 
concentration which lies between 0-5 and 1-0 mol. per litre. In this 
connexion it may be noted that previous observations on the 
acetone-iodine reaction with acetic acid as catalyst in solutions of 
lithium, sodium and potassium chloride (Dawson and Key, J., 1928, 
1239) have shown that the curves which represent the connexion 
between K, and x are of the same type. The quantitative differ- 
ences would seem to depend only on the nature of the ions of the 
inert salt. 

Analysis of the R,-x curve shows that it corresponds with an 
equation of the form R, = 10*V*-', Characteristic points on 
this curve are the maximum point (Rz = Rp, x = X,) and the point 
(R, = 1, x = x,) at which the ionisation constant of the acid has 
the same value as in the salt-free solution. 

The equation may be written 


log R,=aVa-—be . . . . . (6) 
whence dlog R, = (4aa-* — b)dx 
and therefore Roa’, weet fe Say. 7) 
and log Ry = @V Xm — bam = a?/4b 0030. | sie a 


Furthermore, it is evident that R, = 1 when avx — ba = 0, 
that is to say, when 


=O and x = 2, = at/® 20. (9) 
and by comparing equations (7) and (9) we obtain 
w, me Og 2 sw tl =610) 


According to the last equation, the salt concentration at which the 
degree of ionisation of the acid is the same as in the salt-free solution 
is four times the concentration for which the ionisation is a maximum. 
Since the specific effects of the ions find expression in the constants 
a and b, it follows that this relation is independent of the nature of 
the inert salt. 

On account of the flatness of the R,-« curve in the neighbourhood 
of the maximum, it is not possible to determine x,, from the graph 
with any exactitude, but it may readily be shown that the data 
recorded in the present paper, as well as the results obtained for 
acetic acid in solutions of other alkali-metal chlorides (loc. cit.), are 
in approximate agreement with equation (10). 

Since R,, and x, can be readily derived from the experimental 
curves, the values of these quantities may be utilised in the calcul- 
ation of the constants a and b, which are given by the equations 


a= 4log Ry/V2, and b = 4 log Ry/x;. 
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In accordance with the data of Table VI, the values assigned to 
these constants are a = 0-54 and 6 = 0-32. These correspond with 
tm = 0-71, Ry = 1-68 and x, = 2-85. The values of R, calculated 
from log R, = 0-54-/x — 0-322 are shown in the last column, and 
when due consideration is given to the magnitude of the error * 
which may attach to the individual figures, it is apparent that this 
equation affords for the most part a satisfactory account of the 
experimental results. The most concentrated solutions must, 
however, be excepted and the differences shown by the various acids 
in the 4-molar salt solutions are such as to suggest that new specific 
effects, which vary with the nature of the acid, come into play at 
these large salt concentrations. In spite of this divergence, the 
important fact remains that the logarithmic formula reproduces 
fairly closely the observed relations for a series of acids with ionis- 
ation constants which vary in the ratio 1 : 3000 over a wide range of 
salt solutions. It is indeed possible that the applicability of this 
formula is not restricted by the magnitude of the ionisation constant. 

The constant a affords a measure of the inert salt effect which is 
responsible for the initial increase in the ionisation constant, whilst 5 
measures the effect responsible for the subsequent decrease. Since 
the observations relate to solutions of one and the same salt, the 
further consideration of the logarithmic formula will be limited to a 
comparison of the experimental results with the relation indicated 
by the Debye—Hiickel theory. 

Assuming that the ions concerned are univalent and adopting the 
usual symbols for activities, activity coefficients and ionic strengths, 
then, since 

Rz = Kz/Ky = Kz/Ka. Ka/Ko 
or log R, = log K,/K, — log K,y/K, 
it follows that a theoretical expression for log R, may be obtained by 
evaluating K,/K, and K,/K, in terms of the interionic force 
theory. 

We may write K,=a,a_/a=f,f_/f.c.c_/c = Kz.fi/f 
or log K,/K, = log f — 2 log f, 
and since — log f, = «Vu — Bu 
and logf=y.u 
we obtain log K;/K, = 2«Vu — 6’u (11), where p’ = 26 — y. 


The corresponding expression for log Ky/K, may be written 
log Ko/Ka = 2aV tg — 8'ty 


* In the case of dichloroacetic acid, which is 60—70% ionised, the prob- 
able error in K is increased by the circumstance that [H+] and [HA] are both 
affected by an error in the measured reaction velocity. 
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where u, is the ionic strength of the salt-free solution and 8” is in 
general different from $’, and therefore 


log R, = 20(Vu — Vo) — Bu +.8'%y - - (12) 
Comparison of this theoretical relation with equation (6) shows the 
existence of a difference at small salt concentrations in that the ratio 
(Vu — Vuy)/x varies with the salt concentration for a given acid 
(Vu) = constant) and with the nature of the acid for a given salt 
concentration. Effective comparison of the R, values for such 
dilute salt solutions would, however, necessitate greatly increased 
accuracy in the measurement of the reaction velocities and for this 
reason we shall confine our attention to the consideration of differ- 
ences which are entirely outside the range of experimental errors. 
In this connexion it may be noted that the theoretical relation 

reduces to the form 
log Rg =2aVxz—fir. . . (13) 


if the ionisation constant of the acid is sufficiently small. This 
equation is identical in form with the empirical formula (equation 6), 
and since the applicability of the latter does not depend on the 
ionisation constant of the acid, it would seem permissible to com- 
pare the general Debye—Hiickel coefficient 2« = 1-0 with the empirical 


coefficient a = 0-54. The difference between these two numbers is 
very large and by equating either the x or R, values which corre- 
spond with the observed maximum value of the ionisation constant, 
it may readily be shown that the larger coefficient is incompatible 
with the experimental R,-x curves. If, for example, we combine 
the assumption that a = 2« = 1-0 with the fact that K, = Ky, 
when the salt concentration is about 3 mols. per litre, then from 
equation (10), x, = 4m = 3-0, we obtain b = a/Vz, = 0-58, and 
from equation (8) log R, = a?/46 =0-43 or R, = 2-70. The 
observed mean value of R,, is 1-68 and it follows that the observed 
maximum increase in the ionisation constant is only 68/170 or 40% 
of what would be anticipated on the assumption thata = 2« = 1-0. 
On the other hand, if we combine this assumption with the observ- 
ation that R,, = 1-68, then from equation (8) we derive 6 = 1-1], 
and this in accordance with equation (9) leads to x, = 0-8, whereas 
the mean observed value of x, is 3-0 mols. per litre. Since the 
percentage errors involved in the determination of R,, and x, are 
quite small, there is obviously a very considerable discrepancy 
between the results of these experiments and the conclusions which 
follow from the application of the interionic attraction theory to the 
problem. The differences in question, which are illustrated in the 
diagram, suggest that the value of « which determines the magnitude 
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of the mean activity coefficient f, of an acid in salt solutions is 
very much less than the value indicated by the Debye—Hiickel 
theory. 

A considerable amount of additional evidence might be cited in 
support of the view that the coefficient « is by no means independent 
of the nature of the ions concerned. The validity of the dilution 
law for the so-called transition acids, which is shown by the con- 





2-6 : 
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Comparison of the R,-« curves given by the experimental data with those 
derived from the application of the interionic attraction theory. Curve I 
corresponds with the experimental results given by log R, = 0:54V x — 0°322 ; 
Curve II with the assumption that the maxima on the experimental and the 
theoretical curves coincide in respect of the salt concentration; Curve III 
with the assumption that the magnitudes of the observed and the theoretical 
maxima are identical. 


stancy of Ky =c,c_/c at moderate dilutions, suggests very 
forcibly that the magnitude of the interionic force effect in such 
solutions is very small compared with that in corresponding solutions 
of salts. In agreement with this, it has been found that the catalytic 
activity of acids of widely different ionising tendency varies with the 
concentration in a manner which can be satisfactorily interpreted 
in terms of a fixed value of the ionisation constant (K,). This 
value, which is independently derived from the catalytic observ- 
ations, is, moreover, identical with that afforded by measurements 
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of the electrical conductivity of the acids in dilute solution (compare 
Dawson, Hall, and Key, loc. cit.). 

Attempts have recently been made to derive a value for « from 
the conductivity data for certain organic acids (Davies, Phil. Mag., 
1927, 4, 244). The numbers obtained vary from 0-35 for o-chloro- 
benzoic acid to 0-44 for 3 : 5-dinitrobenzoic acid, the mean value 
for seven acids being 0-38. According to Nonhebel (ebid., 1926, 2, 
1085), the most probable value for hydrochloric acid deduced from 
E.M.F. measurements is « = 0-39. The close agreement may be 
accidental, for there can be little doubt that the accurate deter- 
mination of « for acids on the basis of such data is attended by 
considerable difficulties. In the light of all the evidence there is, 
however, much to be said in support of the view that the value of 
« for acids is much less than the normal Debye—Hiickel value. From 
this it would follow that the ionic strength hypothesis as expressed 
by the equation — log f, = 0-5V/u is not applicable when f, refers 
to an acid electrolyte. In this connexion it may be noted that the 
rigid application of the ionic strength hypothesis to acids has on 
occasion led to conclusions which are quite unacceptable. For 
example, Harned and Hawkins (J. Amer. Chem. Soc., 1928, 50, 85) 
have been led to express the opinion that the ionisation constant 
(K,) of chloroacetic acid must be 4-2 x 10-*, which is nearly three 
times the usually accepted value furnished by conductivity data. 
There can be no doubt, however, that the conductivity value 
(Ky = 1-5 x 10-%) is substantially a correct measure of Ky. The 
conductivity value is, moreover, in close agreement with the entirely 
independent values afforded by catalytic data relating to the action 
of chloroacetic acid as catalyst in the acetone-iodine and ester 
hydrolysis reactions, 

There are many other scattered data which are difficult to re- 
concile with the view that the activity coefficient of an electrolyte is 
uniquely determined by the ionic strength of the surrounding 
medium. Brénsted (J. Amer. Chem. Soc., 1924, 46, 558) has, for 
instance, called attention to differences of the order of 60% in the 
values which are afforded by 0-01 molar solutions of magnesium 
chloride and sodium sulphate respectively. 

The observations cited above lend support to the conclusion which 
seems to follow from the experimental results described in this paper. 
These results show that the influence of salts on the ionisation of acids 

eannot be interpreted in terms of the interionic attraction theory 
unless it is assumed that the coefficient «, and therefore the mean 
ionic activity coefficient for acids, is much smaller than the value 
suggested by the Debye—Hiickel theory. 
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Summary. 

The influence of inert salts on the ionisation of a series of acids 
with widely different ionisation constants has been deduced from 
observations on the rate of hydrolysis of ethyl acetate in sodium 
chloride solutions. 

It is shown that experiments with hydrochloric acid afford a 
measure of the catalytic activity of the hydrogen ion in the salt 
solutions and that the observations are not measurably influenced 
by the interaction of chlorine ions with hydrogen ions. 

The method of determining the hydrogen-ion concentration is 
independent of any assumption which would distinguish between 
the concentrations and the activities of the entities which take part 
in the catalysed chemical change. 

The influence of the inert salt on the ionisation of the various acids 
may be represented by the equation log R, = log K,/K, = aVz — 
bx, where K, and K, represent the ionisation constants in an z- 
molar salt solution and in pure water respectively. The constants 
aand 6 are approximately independent of the nature of the acid. This 
relation is shown to be quantitatively incompatible with the 
expression for R, which is derived by application of the Debye- 
Hiickel theory. 

In contradiction to the ionic strength hypothesis it would appear 
that the activity coefficient of an electrolyte varies with the nature 
of the electrolyte and of the ionic environment. 

By reference to the data for the acetone-iodine reaction it is shown 
that the connexion between the catalytic coefficient k,, and the 
ionisation constant K is closely represented by the equation 
kn = 3-0 ky K°*. 

Tae University, LEEDs. [Received, May 10th, 1929.] 





CLXIIT.—10-Chloro-5 : 10-dihydrophenarsazine and its 
Derivatives. Part IX. The Synthesis of Nitro- 
methyldiphenylamine-6’-arsinic Acids and_ their 
Conversion into Nitromethyl Derivatives of 10- 
Chloro-5 : 10-dihydrophenarsazine. Constitution of 
10-Chloro-5 : 10-dihydrophenarsazine. 

By CHARLES STANLEY GrBson and JonN DoBNEY ANDREW 
JOHNSON. 


From the experiments on the synthesis of 2-nitro-, l(or 3)-nitro- 
and 4-nitro-10-chloro-5 : 10-dihydrophenarsazines from the corre- 
sponding 4-nitro-, 3-nitro-, and 2-nitro-diphenylamine-6’-arsinie 
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acids (Part V, J., 1927, 2504) the following facts were noted: 
(a) The reduction of 4-nitro- and 3-nitro-diphenylamine-6'-arsinic 
acids in the presence of hydrochloric acid yielded nitro-derivatives 
of 10-chloro-5 : 10-dihydrophenarsazine directly, and 2-nitrodi- 
phenylamine-6’-arsinic acid (I) under the same conditions gave the 
intermediate dichloroarsine (II), which was converted into. 10-chloro- 
4-nitro-5 : 10-dihydrophenarsazine (III) by boiling in acetic acid 
solution; and (6) the l(or 3)-nitro- and 4-nitrd-10-chloro-5 : 10- 
dihydrophenarsazines are deep red, whereas the 2-nitro-compound 
is yellow. 


Ct O-O8O-O) 
7H sind hy 
\wH’ 
(I.) (II.) (III.) 0, 
Of the many sstiettnaind = hte HE acids which 
have been described in this series of communications, compound (I) 
is unique in yielding an isolable dichloroarsine on reduction, and 
l(or 3)-nitro- and 4-nitro-10-chloro-5 : 10-dihydrophenarsazines are 
remarkable in possessing a deep red colour, whereas all the other 
derivatives of the parent substance are either yellow or colourless. 
At that time the following scheme of formation of derivatives of 
10-chloro-5 : 10- dihydrophenarsazine from substituted diphenyl- 
amine-6’-arsinic acids, in which the dichloroarsine is always an 
intermediate product, was suggested : 


Qa. (x) QO) 








JASCh, ~ 


Nighi NG ere 


When the substituent group (X) is a nitro-group, nitrogen-arsenic 
ring formation would not take place so readily because of the 
diminished basicity of the nitrogen atom, and this would be especially 
marked in the case where the nitro-group is adjacent to the nitrogen 
atom. 

One of the objects of the present work was to study the cyclisation 
of diphenylamine-6’-arsinic acids in greater detail, since, if the 
ring-formation process follows the course suggested above, all sub- 
stituted diphenylamine-6’-arsinic acids having a nitro- or other 
strongly electronegative group in the ortho-position to the ‘NH 
group should yield isolable dichloroarsines on reduction in the 
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presence of hydrochloric acid. Secondly, although deductions con- 
cerning the constitutions of substances based upon visible colour 
are subject to criticism, in this further work evidence has been 
obtained which enables us to state with some certainty the con- 
stitution of the reduction product of 3-nitrodiphenylamine-6'-arsinic 
acid. The particular case of the direction of ring closure of 3-methyl- 
diphenylamine-6’-arsinic acid, which may yield 10-chloro-l(or 3)- 
methyl-5 : 10-dihydrophenarsazine, has already been discussed (Part 
VII, this vol., p. 767), and the cyclisation of 3-nitrodiphenylamine- 
6’-arsinic acid is a subject of the same nature. Finally, the pro- 
perties of a large number of new substances which have been pre- 
pared afford some indication of the constitution of the parent 
substance and of its derivatives. 

By studying the preparation of various nitromethyldiphenyl- 
amine-6’-arsinic acids and their ring closure it has been possible to 
investigate the above three problems. The nitromethyldiphenyl- 
amine-6’-arsinic acids were chosen partly because they were for 
the most part moderately easily accessible and the introduction of 
two different groups increases the number of possible isomerides, 
enabling conclusions to be drawn from a large number of cases, 
and partly because the nitro-group could be forced into a specified 
position by blocking with the methyl group one of the available 
ortho-positions to the ‘NH group. 

The nitromethyldiphenylamine-6’-arsinic acids were prepared on 
the one hand by condensing bromonitrotoluenes with o-amino- 
phenylarsinic acid and, on the other hand, by condensing bromo- 
nitrobenzenes with aminotolylarsinic acids under the previously 
described conditions (Part V, loc. cit.). Twelve of the possible 
thirty-four acids are described in the present communication. 

Using 2-bromo-3-nitrotoluene (IV), the following series of reactions 
was carried out, the relatively low yield of 2-nitro-6-methyldi- 
phenylamine-6’-arsinic acid (V) being undoubtedly due to steric 
hindrance : 


Cig + Me Ga: =< 
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Compound (V) is highly crystalline and yellow and markedly volatile 
under reduced pressure at the ordinary temperature. The dichloro- 
and dibromo-arsines (VI and VII) cannot be converted into tricyclic 
_ compounds, 

Starting with 4-bromo-3-nitrotoluene (VIII), the following series 
of reactions was accomplished : 


aie r Ome 18% Cee Or if 


(VIII.) (IX.) 


8 Oe OL = 


(x.) NO, 0, 
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Compound (IX) again was golden-yellow and somewhat volatile 
under reduced pressure. On reduction, as was expected, the 
corresponding dichloroarsine (X) was formed and was obtained as 
an orange-yellow crystalline substance. It was distinguished from 
derivatives of 10-chloro-5 : 10-dihydrophenarsazine by its high 
solubility in the usual organie solvents and its low melting point 
(91—93°). On boiling with acetic acid, hydrogen chloride was 
evolved and _  10-chloro-4-nitro-2-methyl-5 : 10-dihydrophenarsazine 
(XI) was produced. This was crimson, had m. p, 187—188°, and 
was less soluble in organic solvents than the dichloroarsine but 
more soluble than those derivatives of 10-chloro-5 : 10-dihydro- 
phenarsazine having the nitro-group in the 2-position. Reduction 
of (IX) in the presence of hydrobromic acid gave an oil mixed with 
solid material. The latter was shown to be the bromo-derivative 
corresponding to (XI); the former, although it could not be purified, 
had all the properties of the open-chain dibromoarsine corresponding 
to (X). In this case, it appears that partial ring closure takes place 
in the presence of hydrobromic acid. 
The next series of reactions investigated was the following : 
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The compound (XIV) is pale yellow and yields the cyclic com- 
pound (XV) directly on reduction. In the preparation of the 
corresponding bromo-compound, the primary formation of an oil 
was observed, but it rapidly solidified and when crystallised from 
benzene (a medium which does not appear to favour cyclisation) 
only 10-bromo-3-nitro-4-methyl-5 : 10-dihydrophenarsazine was isol- 
ated. The reduction of (XIV) to the chloro-compound (XV) is one 
of the cases where the nitro-group is forced into a definite position 
owing to the blocking effect of the methyl group. 

The next series of reactions was the following : 


RRO + CORO AS woe (OP 


2 
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0. /OH 
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Compound (XVIII) is am yellow and i oa at a high tem- 
perature. It yields compound (XIX) (X = Cl or Br) on reduction, 
no indication of the formation of a dichloro- (or dibromo-) arsine 
being observed. The sodium and potassium salts of 2-nitro-4-methyl- 
phenarsazinic acid (XX) show remarkable colour changes on dilution 
and addition of alkali; these colour changes appear to be character- 
istic of the 2-nitrophenarsazinic acids. 

The most unexpected result in this part of the present investig- 
ation was the observation that 5-nitro-2-methyldiphenylamine-6'- 
arsinic acid (XXII), prepared as indicated, gave a dichloroarsine 
(XXIIT) on reduction : 


NO NO, 


2 
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This was bright yellow and, for a dichloroarsine, had the unusually 
high m. p. of 173°. On boiling in acetic acid solution for 2 hours, 
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ring closure was effected and 10-chloro-1-nitro-4-methyl-5 : 10-di- 
hydrophenarsazine (XXIV) was produced. This is another case 
where the nitro-group is forced into a definite position because of 
the presence of the methyl group. The substance (XXIV) was 
deep red, not very soluble in the usual organic solvents, and had a 
high m. p. (258—260°). When compound (XXII) was reduced in 
the presence of hydrobromic acid, a mixture of yellow dibromoarsine, 
m. p. 164°, and deep red 10-bromo-1-nitro-4-methyl-5 : 10-dihydro- 
phenarsazine, decomp. 272°, was obtained. The phenarsazinic 
acid (XXV) obtained by oxidising compound (XXIV) underwent 
complex reactions when heated with alkalis, yielding amorphous, 
discoloured, acidic products presumably of the Mikado-brown 
type. 

The three other bromonitrotoluenes on condensation with o-amino- 
phenylarsinic acid furnished nitromethyldiphenylamine-6’-arsinic 
acids which could theoretically give rise to two cyclic products in 
each case on reduction. In only one case were two isomeric cyclic 
compounds isolated, namely, when 3-nitro-4-methyldiphenylamine- 
6’-arsinic acid (X XVII) was reduced in the presence of hydrochloric 
acid. The following was the series of reactions investigated : 


sO(OH), 
oe 
eee NO, (X.XVIII.) 
\wH’ 


/As0(0H), OK 
ee NH Batsidlt 1 cei ie 





(X XVII.) 


The acid (X XVII), purified through its bariwm salt, when reduced 
in the usual manner gave an orange-yellow precipitate, and the 
filtrate from this gave a red product on further treatment with 
sulphur dioxide. The former was only slightly soluble in benzene, 
and the latter crystallised in bright red needles, decomp. 225—226°. 
The orange-yellow material crystallised from acetic acid in orange- 
yellow prisms, decomp. 257—258°. Since the two substances could 
be crystallised side by side from benzene, it cannot be a case of 
dimorphism, and analysis showed that the products can only be 
the two substances (XXVIII) and (XXIX). The oxidation pro- 
ducts of these two substances, the corresponding phenarsazinic 
acids, could not be distinguished from each other by the methods 
at our disposal. 
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The next series of reactions investigated was the following : 


sO(OH) 
One pi mm Ch NO, 
7 
"4 
wet i 


BONS AsCl 
(SSE. ) Nida 0, 


The orange-yellow product (XX XII) had m. p. 225—228° and since 
it was insoluble in the ordinary organic solvents the probability of 
its being a derivative of 10-chloro-5 : 10-dihydrophenarsazine and 
not a dichloroarsine was indicated. On crystallisation from butyric 
acid, the best solvent, it formed orange-coloured needles, decomp. 
245—247°. The substance appeared to be homogeneous. The 
bromo-compound, prepared similarly, was deep red and also appeared 
to be homogeneous, although its melting point was somewhat 
indefinite. 

After some difficulty 4-nitro-3-methyldiphenylamine-6'-arsinic acid 
(XXXIV) from the condensation of 3-bromo-6-nitrotoluene 
(XX XIII) with o-aminophenylarsinic acid was obtained in pale 
yellow needles. The reduction product (XXXV) when crude had 
m. p. 220—228° (decomp.) and this was only raised to 236—238° 


0. OH 


ae OOOO 


(XX XII.) 
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after crystallisation from acetic acid. This indicated that cyclisation 
had taken place along with the reduction, and the product, orange- 
yellow needles, appeared to be homogeneous. The corresponding 
phenarsazinic acid (XXXVI) obtained from this by oxidation 
showed the remarkable colour changes with alkalis already noted 
in the case of compound (XX). 
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Several methylnitrodiphenylamine-6’-arsinic acids in which the 
methyl and nitro-groups were in different rings were next studied. 
The first of this series of reactions investigated was : 


wf HO O- nl MOE 


(XX XVII.) (XXxXvi.) NO, 


LO Q—- a EQ- 


a ) O» ase ) 
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Compound (XX XVIII) is golden-yellow, and volatile under reduced 
pressure at the ordinary temperature; compound (XL) also is 
appreciably volatile under the same conditions. 

The condensation products from m- and p-bromonitrobenzenes 
and 3-amino-p-tolylarsinic acid (XXXVII) were difficult to 
purify and work on that produced from p-bromonitrobenzene 
was especially restricted. The following illustrates the reactions 
carried out with m-bromonitrobenzene, the cyclic chloro- and bromo- 
compounds (XLV) (X = Cl or Br) being obtained as deep red 
substances difficult to purify. 


- ego tp Oro, 
AsX 
af any » (wo, a "Oe 6) 
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Finally, 4-amino-m-tolylarsinic acid (XLVI) was condensed 
with o-bromonitrobenzene: the product, 2 - nitro - 4’ - methyld- 
phenylamine-6'-arsinic acid (XLVII), had properties similar to 
those of the acid (XXXVIII). On reduction an uncrystallisable 
oil was obtained. Its ready solubility and the fact that hydrogen 
chloride was evolved on boiling it in acetic acid solution indicated 
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that it was the dichloroarsine; the product obtained on boiling 
with acetic acid was the cyclic compound 10-chloro-4-nitro-8-methyl- 
5: 10-dihydrophenarsazine (XLVIII), which on oxidation with 
hydrogen peroxide gave the phenarsazinic acid (XLIX). 


Me sO(OH) M s0(OH 
Cw a NE 


(XLVI.) NO, (XLVIL.) a 
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outa. * (xix. ‘¥ 


The following summarises the more important observations arising 
from the experiments : 

(1) All substituted nitrodiphenylamine-6’-arsinic acids in which 
the nitro-group is in the ortho-position to the -NH group, on reduc- 
tion in the presence of hydrochloric acid, yield dichloroarsines 
(compounds I, V, IX, XX XVIII, XLVII). 

(2) All substituted nitrodiphenylamine-6’-arsinic acids in which 
the nitro-group is in the para-position to the ‘NH group, on reduc- 
tion in presence of hydrochloric acid, yield the corresponding cyclic 
chloro-compound, e.g., 4-nitrodiphenylamine-6’-arsinic acid (J., 1927, 
2504) (compounds XVIIT and XXXIV). 

(3) With the exception of 5-nitro-2-methyldiphenylamine-6’- 
arsinic acid (XXII), all substituted nitrodiphenylamine-6’-arsinic 
acids in which the nitro-group is in the meta-position to the -NH 
group, on reduction in presence of hydrochloric acid, yield the 
corresponding cyclic chloro-compound, e.g., 3-nitrodiphenylamine- 
6’-arsinic acid (J., 1927, loc. cit.) (compounds XIV, XXVII, XXXTI, 
and XLIV). 

(4) All substituted 10-chloro-4-nitro-5 : 10-dihydrophenarsazines 
are crimson, have lower melting points than the other nitro-10- 
chloro-5 : 10-dihydrophenarsazines, are generally more soluble in 
organic solvents, and are volatile under diminished pressure at the 
ordinary temperature. 

(5) All substituted 10-chloro-2-nitro-5 : 10-dihydrophenarsazines 
are yellow, are soluble with difficulty in the usual solvents, and 
generally have very high melting points. The exceptionally low 
melting point of 10-chloro-2-nitro-l(or 3)-methyl-5 : 10-dihydro- 
phenarsazine (XX XV, 236—238°) will be discussed later. 

(6) One derivative of 10-chloro-5 : 10-dihydrophenarsazine, in 
which the nitro-group is definitely in the 3-position, viz., 10-chloro- 

UU 
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3-nitro-4-methyl-5 : 10-dihydrophenarsazine (XV), is yellow and has 
m. p. 216-5°. 

(7) One derivative, in which the nitro-group is definitely in the 
l1-position, 10-chloro-1-nitro-4-methyl-5 : 10-dihydrophenarsazine 
(XXIV), is deep red, has m. p. 258—260°, but is not generally so 
soluble in organic solvents as the 4-nitro-compounds. 

(8) The 2-nitrophenarsazinic acids give the characteristic colour 
changes with alkalis which have been noted above. 

The following explanation of the results is suggested. All the 
simple derivatives of 10-chloro-5 : 10-dihydrophenarsazine in which 
the arsenic atom is in the tervalent condition are yellow unless the 
hydrogen of the -NH group has been replaced by an acyl group, 
in which case the compounds are practically colourless. Wieland 
and Rheinheimer (Annalen, 1921, 423, 1) suggested that the yellow 
colour of 10-chloro-5 : 10-dihydrophenarsazine was due to an atomic 
interaction between the arsenic and nitrogen atoms which involves 
their possessing a quinonoid-like structure. Sufficient experimental 
evidence has now been provided to ascribe to this parent compound 
the constitution (L) or (LI), which may be in equilibrium. 
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Since visible colour is absent in the case of phenarsazinie acid (LII), 
where a transannular N—As bond is precluded, it would appear 
that the yellow colour of 10-chloro-5 : 10-dihydrophenarsazine is 
due to the presence of the transannular structure indicated above. 
The colourless nature of 5-acetyl-10-chloro-5 : 10-dihydrophenarsaz- 
ine (LITT) is readily explained, since the presence of a transannular 
bond as in (LIV) would necessitate the nitrogen atom carrying 4 


Cl 
As, As, /* 2 
(LITI.) \yZ | by Cl- (LIV.) 


dO-CH, L bo. ‘CH, 


positive charge although it has the negative nth group attached 
to it. 

The physical properties of the 4-nitro-derivatives are those usually 
associated ‘with chelate compounds and since these properties are 
generally absent in the case of the 2-nitro-compounds it is reasonable 
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to assume that the chelate ring formation is a consequence of the 
proximity of the nitro- and ‘NH me as indicated in formula (LV). 


ty 0 | 


(LV.) ce of cy- (LVI.) 


3 Bo * Hy, ; 

The deep red colour of the 4-nitro- compounds must then be 
associated with the presence of the chelate ring and consequently 
those substances in which the presence of the chelate ring of the 
type above mentioned is precluded should not possess a deep red 
colour. This is actually the case, compound (XV) and all the 
2-nitro-derivatives being yellow or orange-yellow. On the other 
hand, 10-chloro-1-nitro-4-methyl-5 : 10-dihydrophenarsazine (X XIV) 
is deep red, and this suggests a structure similar to (LV). This 
can readily be assigned to the substance if the transannular bond 
is also present, the constitution then being that indicated by (LVI). 
The difference between (LV) and (LVI) is that the latter is a salt 
whereas the former has simply co-valencies. The high melting point 
of (LVI) (258—260°) compared with those of the 4-nitro-derivatives 
of type (LV) [187—188° (XII), 201—202° (XL), 206° (XLVIII)] 
and its lower solubility in organic solvents are in agreement with 
this view.* 

Following from this argument, provisional constitutions may be 
assigned to those compounds which may be l(or 3)-nitro-derivatives 
of 10-chloro-5 : 10-dihydrophenarsazine. The reduction product of 
3-nitro-3’-methyldiphenylamine-6’-arsinic acid (XLIV) may be 
10-chloro-l(or 3)-nitro-7-methyl-5 : 10-dihydrophenarsazine. It is 
deep red in colour and has m. p. 253—255°, indicating the 1-nitro- 
structure. Similarly, the deep red reduction product of 3-nitro- 
diphenylamine-6’-arsinic acid (J., 1927, 2504) has. most probably 
the 1-nitro-structure. On the other hand, the reduction product 
of 5-nitro-3-methyldiphenylamine-6’-arsinic acid (XX XI) is orange- 
yellow and has m. p. 245—247°, suggesting the 3-nitro-structure. 


* Through the kind co-operation of Sir Robert Robertson, Dr. J. J. Fox, 
and Mr. E. 8. Hiscocks the absorption spectra in the visible and ultra-violet 
regions of the most typical of these compounds are being examined and it 
is hoped to describe the results in a future communication. The differences 
in the visible colour, however, are so marked that the authors feel justified 
in basing conclusions upon them. Preliminary work shows that the accurate 
determination of the absorption spectra of these highly complicated sub- 
stances confirms the conclusions now drawn. 











1240 GIBSON AND JOHNSON: 10-CHLORO-5 : 10-DIHYDRO- 


The most convincing evidence is probably that furnished by the 
reduction products of 3-nitro-4-methyldiphenylamine-6’-arsinic acid 
(XXVII). These must be 3-nitro-2-methyl- and 1-nitro-2-methy]- 
10-chloro-5 : 10-dihydrophenarsazines respectively. The more sol- 
uble, lower-melting isomeride is deep red; the less soluble, higher- 
melting compound is orange-yellow. To the former, the 1-nitro- 
structure (X XIX) is assigned, whereas the latter is presumed to be 
the 3-nitro-compound (XXVIII). 

It is clear that the proximity of the methyl and nitro-groups 
may have some effect on the melting point, and this is especially 
marked in the case of the 10-chloro-2-nitro-l(or 3)-methyl-5 : 10- 
dihydrophenarsazine (XX XV), where the nitro- and methyl groups 
are in the ortho-position with respect to each other. Chelate ring 
formation is possible, mutual saturation follows, and less residual 
affinity remains to bind molecule to molecule, resulting in a lower 
melting point (236—238°) than is usual with 2-nitro-derivatives. 

Since there is the probable presence of a chelate ring in the 
substituted 10-chloro-4-nitro-5 : 10-dihydrophenarsazines, the pres- 
ence of a similar structure in the corresponding open-chain acids 
and dichloroarsines is also probable. This is in accord with the 
observations that the former are volatile under reduced pressure at 
the ordinary temperature and more easily soluble than the 3- and 
4-nitrodiphenylamine-6’-arsinic acids, and that the dichloroarsines 
are low-melting solids of high solubility. In view of this a more 
detailed explanation of the mechanism of, and factors underlying, 
ring closure is now possible. In the simple general case, the 
dichloroarsine will be formed first; the —AsCl, group will react 
with the -NH group, hydrogen chloride will be eliminated, and the 
ring chloro-compound formed. The following mechanism seems to 
fit the facts better than that previously put forward (p. 1230). 


ae ye | > Cl | 
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The presence of any group in the dichloroarsine (LVII) which 
prevents or inhibits the movement of the hydrogen atom of the 
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‘NH group will prevent or inhibit the subsequent formation of the 
substance represented by (LVIII) and consequently the dichloro- 
arsine will be stable. A nitro-group in the 2-position in (LVII) 
would, owing to the presence of a chelate ring as in (LIX), restrict 
the movement of the hydrogen atom; consequently all 2-nitro- 
diphenylamine-6’-arsinic acids should yield stable dichloroarsines. 
In solution in a substance of high dielectric constant, this chelate 
ring would be weakened and conversion of the dichloroarsine into 
the ring chloro-compound would not be impeded to such an extent 
as before. Acetic acid, having a dielectric constant of about 9, is 
such a solvent and hence ring closure is effected on boiling in acetic 
acid solution but not in benzene. 

3-Nitro- and 4-nitro-diphenylamine-6’-arsinic acids would not show 
this peculiarity unless some other factor played a part. The one 
case where a dichloroarsine was isolated although the nitro-group 
was not. in the ortho-position to the ‘NH group is such an exception. 
The dichloroarsine isolated on reducing 5-nitro-2-methyldiphenyl- 
amine-6’-arsinic acid (X XII) was bright yellow and had m. p. 173°, 
which is unusually high for a dichloroarsine. The latter property 
suggests a salt-like structure, and the former suggests a constitution 
resembling the transannular bond structure postulated for 10-chloro- 
5: 10-dihydrophenarsazine. The structure represented by (LX) is 
in agreement with these views. The positive character now acquired 
by the arsenic atom will be in part transmitted to the attached 
chlorine atom; the ease with which hydrogen chloride is eliminated 
will depend upon the extent to which the hydrogen atom attached 
to carbon atom (6)—which will be eliminated as hydrogen chloride— 
will be able to make up the electron deficiency associated with the 
chlorine atom. 


a Os =36) 
> _-> 





The adjacent nitro-group will act as an “ electron-sink ’’ and con- 
sequently the hydrogen atom on the carbon atom (6) will not be 
associated with its ordinary share of electrons. The nitro-group 
will, then, diminish the tendency for the elimination of hydrogen 
chloride and the dichloroarsine (LX) will possess some measure of 
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stability. Solution of the dichloroarsine in a substance of high 
dielectric constant (such as acetic acid) would diminish electrostatic 
forces in the molecule and the elimination of hydrogen chloride 
would be assisted. 

We have yet to consider the course of the reactions which lead 
to the formation sometimes of 1-nitro- and sometimes of 3-nitro- 
derivatives of 10-chloro-5 : 10-dihydrophenarsazine. In two cases, 
cyclisation appeared to yield only the I-nitro-compound; in these 
cases no methyl group was present in the same ring as the nitro. 
group. In one case, cyclisation yielded apparently only the 3-nitro- 
derivative, and in another case, a mixture of the 1- and the 3-nitro- 
derivative was produced. In the latter cases, a methyl group 
was present in the same ring as the nitro-group. The factors 
which influence the direction of ring closure are the steric factor, 
the polar factor, and that due to the restricted rotation of the 
right-hand nucleus, due partly to the steric factor and partly to 
the polar factor. 

Considering the cases where only the 1-nitro-compound was 
formed, it will be seen that the steric factor would favour the 
formation of the 3-nitro-derivative. Secondly, because of the 
proximity of the nitro-group, the hydrogen atom on carbon atom (6) 
would have less association with electrons than that on carbon 
atom (2). This also would favour the formation of the 3-nitro- 
derivative. But since there is evidence of the presence of a chelate 
ring in the 1-nitro-compounds, it is probable that this exists prior 
to the final ring closure. Free rotation is thus prevented and ring 
closure takes place on the carbon atom (6). 
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When a methyl group is present in the. 3-position, the steric 
factor will still favour ring closure to give the 3-nitro-compound. 
The polar factor would now have the predominant effect, for the 
hydrogen atom on the carbon atom (2) would have a large electron 
surplus compared with that on carbon atom (6) because of the 
proximity of the electron source (the methyl group) at position (3) 
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and the remoteness of the “ electron sink ” (the nitro-group). The 
polar factor is now able to outweigh the combined effects of the 
steric factor and that due to restricted rotation, and the 3-nitro- 
compound results. 

Finally, the intermediate case where both the 1- and the 3-nitro- 
compound are formed can be explained in similar fashion. 
The “ electron source ” is now at position (4), its effect is diminished 
at (2) and increased slightly at (6). An intermediate effect is 
obtained and both isomerides are produced. 

This explanation of the mechanism of ring closure, while admit- 
tedly imperfect, is considered the most likely and further work in 
this field will probably produce more evidence in its favour. 

The present work has shown that there is a greater tendency for 
ring closure in the case of the bromo-compounds than in the case 
of the chloro-compounds. This also is in keeping with the above 
suggestions, since one would expect that the less electronegative 
bromine atom would be more satisfied with a hydrogen atom not 
too richly associated with electrons than a chlorine atom would; 
hence the conversion of the bromine analogue of (LX) into the ring 
compound should be more facile than that of the chloro-compound 
and this agrees with the experimental result. 


EXPERIMENTAL. 


Of the ten theoretically possible bromonitrotoluenes, only seven 
have been described. An eighth—2-bromo-3-nitrotoluene—has now 
been prepared and the methods of preparation of some of those 
already known have been modified and improved. Improved methods 
of preparation of some of the intermediate compounds have also 
been developed. 

Aceto-o-toluidide has the following boiling points: 176°/14 mm., 
184°/21 mm., 194°/32 mm. 

2-Bromo-3-nitrotoluene (IV).—A suspension of finely divided 
2-amino-3-nitrotoluene (50 g.) in a mixture of hydrobromic acid 
(36%, 35 ¢.c.) and water (90 c.c.) was diazotised below 0° with a 
solution of sodium nitrite (23-5 g.) in water (40 c.c.). The filtered 
diazonium solution was run fairly rapidly with constant stirring 
into a solution of cuprous bromide [prepared by saturating with 
sulphur dioxide a mixture of copper sulphate solution (crystals 
60 g., in water 200 c.c.) and potassium bromide solution (30 g., in 
water 70 ¢.¢c.)] in hydrobromic acid (d 1-49, 110 c.c.) without external 
cooling. After being stirred for a few minutes, the mixture was 
heated on the water-bath for about 30 minutes, and the 2-bromo- 
3-nitrotoluene isolated by steam distillation. The distillate was 
extracted with ether; the extract was washed with dilute sodium 
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hydroxide solution and with water, dried with calcium chloride 
and evaporated, and the residue distilled under reduced pressure. 
2-Bromo-3-nitrotoluene was obtained in 67% yield as a yellow 
solid, m. p. 41—42°, b. p. 135—136°/8 mm. and 157°/22 mm. 
(Found: Br, 36-7. C,H,O,NBr requires Br, 37-:0%). It is readily 
soluble in alcohol and almost insoluble in water. If the molten 
substance is allowed to cool slowly, it forms long thick six-sided 
prisms. 

2-Bromo-5-nitrotoluene (XVII) was prepared in a similar way 
(66% yield) from 2-amino-5-nitrotoluene (30 g.) in a mixture of 
hydrochloric acid (40 c.c.) and water (55 c.c.), the quantities of the 
other materials being proportionate. Instead of being isolated by 
steam distillation, the product, after being heated on the water- 
bath, was cooled, diluted, and filtered, and the 2-bromo-5-nitro- 
toluene crystallised from a little alcohol (charcoal); m. p. 75—76° 
(compare Nevile and Winther, Ber., 1880, 13, 969). 

The following experimental details for the preparation of 2-amino- 
4-nitrotoluene supplement those supplied by Anschiitz and Heusler 
(Ber., 1886, 19, 2161). A hot solution of 2 : 4-dinitrotoluene (91 g.) 
in alcohol (95%, 1 litre) was rapidly cooled in order to obtain the 
compound in a fine state of division. Dry hydrogen chloride was 
passed into a mixture of stannous chloride (crystals, 339 g.) and 
alcohol (95%, 680 c.c.) until a clear solution resulted. The latter 
solution was then added in small portions with cooling and shaking 
to the suspension of the dinitro-compound. A clear yellow solution 
resulted. After 30 minutes, the alcohol was distilled off on the 
water-bath, water added to the residue and then sodium hydroxide 
until the bulk of the tin precipitate had redissolved. The liquid 
was extracted twice with ether; the ethereal extract was washed 
twice with water, dried with calcium chloride, and evaporated to 
dryness. A tarry mass remained which partly solidified. This 
was allowed to drain on porous porcelain and the solid 2-amino- 
4-nitrotoluene remaining was pure after one crystallisation from 
benzene-ligroin (b. p. 60—80°). The yield was poor—20 g.; m. p. 
107°. 

2-Bromo-4-nitrotoluene (XXI) was prepared in 86% yield from 
2-amino-4-nitrotoluene exactly as described for 2-bromo-3-nitro- 
toluene. After removal of the ether, it was obtained pure and had 
m. p. 76° (compare Scheufelin, Annalen, 1885, 231, 171; Wallach, 
ibid., 1886, 235, 248; Nevile and Winther, Ber., 1881, 14, 418). 

2 : 6-Dinitrotoluene was obtained in poor yield by deamination 
of 2 : 6-dinitro-4-aminotoluene (compare Hollemann and Béeseken, 
Rec. trav. chim., 1897, 16, 427). 

2-Amino-6-nitrotoluene (compare Cunerth, Annalen, 1874, 172, 





PHENARSAZINE AND ITS DERIVATIVES. PART IX. 1245 


223) was obtained in 49% yield from 2 : 6-dinitrotoluene by the 
following method. The dinitro-compound (43 g.) was dissolved in 
hot aleohol (95%, 107 ¢.c.) and obtained in a finely divided state 
by rapid cooling. Ammonium sulphide (about 86 c.c.), prepared 
by saturating ammonia (20%) with hydrogen sulphide, was added 
in small portions to this suspension with thorough shaking but 
without cooling. The mixture became hot, a deep red solution 
resulted, and crystalline material began to separate. After 1 hour, 
the product was evaporated to dryness, and the residue extracted 
with boiling hydrochloric acid (d 1-075) until the extracts no longer 
gave a precipitate on basification with sodium hydroxide. The 
whole extract was basified with sodium hydroxide and cooled, and 
the precipitated nitro-amine crystallised from benzene-ligroin (b. p. 
60—80°). 

2-Bromo-6-nitrotoluene (XIII) (Noelting, Ber., 1904, 37, 1021) 
was obtained in 93% yield from the preceding compound by the 
method described for 2-bromo-3-nitrotoluene; b. p. 143°/22 mm., 
m. p. 42°. 

3-Amino-6-nitrotoluene was prepared by nitrating m-toluidine 
according to the method of Noelting and Stoecklin (Ber., 1891, 24, 
564). 3-Bromo-6-nitrotoluene (XXXIII) was prepared in 81% 
yield from the corresponding amino-compound by the method used 
for the preparation of 2-bromo-3-nitrotoluene ; m.p. 56°. (Compare 
Wroblewski, Annalen, 1873, 168, 170; Grete, ibid., 1875, 177, 
246, who prepared this substance by nitrating m-bromotoluene. 
The constitution of the nitration product is thus established.) 

3-Bromo-2-amino-5-nitrotoluene (compare Nevile and Winther, 
Ber., 1880, 13, 964) was prepared by adding bromine (23-3 c.c.) 
drop by drop to a solution of 2-amino-5-nitrotoluene (70 g.) in 
acetic acid (700 c.c.). (It was necessary to warm the acetic acid to 
dissolve the nitro-amine, but by rapid cooling a supersaturated 
solution was obtained to which the bromine was added.) A pale 
yellow crystalline mass was precipitated; on pouring the product 
into water, a bulky yellow precipitate was obtained and this was 
filtered off and extracted with water. The dry substance (99 g.) 
had m. p. 176° and was sufficiently pure for the following preparation. 

3-Bromo-5-nitrotoluene (XXX) (Nevile and Winther, loc. cit., 
p. 969).—Finely. divided 3-bromo-2-amino-5-nitrotoluene (65 g.) 
was mixed with alcohol (300 c.c.), and sulphuric acid (72 c.c.) 
slowly added with constant stirring. The mixture was treated 
slowly at the ordinary temperature with a solution of sodium 
nitrite (20-8 g.) in water (45 c.c.), and the product heated on the 
water-bath until the evolution of nitrogen and acetaldehyde was 
completed. The resulting mixture was submitted to steam dis- 
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tillation. The distillate was extracted with ether, and the ethereal 
extract worked up in the usual manner. On removal of the ether, 
the 3-bromo-5-nitrotoluene was obtained pure (m. p. 83°) without 
crystallisation. The average yield in four experiments was 40%. 

3-Bromo-5-aminotoluene was prepared by adding a hot solution 
of 3-bromo-5-nitrotoluene (64-3 g.) in alcohol (514 c.c.) in small 
quantities at a time to a solution of stannous chloride (crystals, 
258 g.) in hydrochloric acid (386 c.c.) previously heated to 60° in a 
3-litre flask fitted with a reflux condenser; a vigorous reaction 
took place. After heating for 30 minutes on the water-bath, some 
of the alcohol was evaporated and the residue treated with sodium 
hydroxide until the tin precipitate just dissolved. The 3-bromo- 
5-aminotoluene was isolated by steam distillation and extraction 
with ether in the ordinary way. It was distilled twice under 
reduced pressure. The pure, colourless material was obtained in 84°, 
yield and had b. p. 151°/23-5 mm., 157-5°/28 mm., m. p. 37—38°. 
Attempts to nitrate its acetyl derivative were unsuccessful or led 
to dinitro-compounds. Further attempts to prepare 3-bromo-2- 
nitrotoluene will be described later. 

4-Bromo-2-nitrotoluene (X XVI) was prepared from 4-amino-?2- 
nitrotoluene, and 4-bromo-3-nitrotoluene (VIII) from 4-amino-3- 
nitrotoluene, as described for 2-bromo-3-nitrotoluene. 

In the following description of new organic arsenicals, attention 
has been paid to a complete description of the salts of acids where 
these are characteristic. The melting points of many of the acids 
lie close together and the salts described may serve for purpose of 
identification. 

2-Nitro-3'-methyldiphenylamine-6'-arsinic Acid (XXXVIII).—A 
mixture of 3-amino-p-tolylarsinic acid (23-1 g.), o-bromonitrobenzene 
(20-2 g.), anhydrous potassium carbonate (17-3 g.), amyl alcohol 
(100 ¢.c.), and a trace of copper powder was boiled for 5 hours. 
After removal of the amyl alcohol by steam distillation, the hot 
aqueous solution was filtered, cooled, and carefully acidified with 
concentrated hydrochloric acid. The precipitated acid (23-1 g., 
66%), recrystallised from dilute acetic acid (charcoal), was obtained 
in clusters of well-defined, golden-yellow, prismatic needles, m. p. 
215—217° (decomp.) after slight softening (Found: As, 21-6. 
C,,;H,,0;N,As requires As, 21-3%). 

This nitro-acid is somewhat volatile, as is also 10-chloro-4-nitro- 
7-methyl-5 : 10-dihydrophenarsazine (XL). When either of these 
pure substances is left over potassium hydroxide under reduced 
pressure, a deep red crust is rapidly formed on the surface of the 
drying agent. The amphoteric nature of the above acid is shown 
by its solubility in a mixture of alcohol and hydrochloric acid and 
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in aqueous alkali. It is scarcely soluble in cold or hot alcohol and 
is only moderately easily soluble in acetone. The alkali salts give 
deep red solutions; the magnesium salt is formed only on boiling 
with magnesia mixture. 

2-Nitro-3'-methyldiphenylamine-6'-dichloroarsine (XXXIX).—A 
boiling solution of the preceding substance (1-0 g.) in a mixture of 
alcohol (6-0 c.c.) and hydrochloric acid (8-0 c.c.) containing a trace 
of iodine was reduced by passing a rapid stream of sulphur dioxide 
for 5 minutes. A dark-coloured oil separated which became semi- 
solid on cooling; it was extracted with benzene (about 100 c.c.), 
and the benzene solution dried over calcium chloride and concen- 
trated to about 15 c.c. on the water-bath. On cooling, the dichloro- 
arsine was slowly deposited in bright yellow, rhomb-shaped plates. 
After recrystallisation from benzene it had m. p. 129-5—130° 
(Found: Cl, 19-3. C,,;H,,0,N,Cl,As requires Cl, 190%). It is 
readily soluble in hot benzene, moderately easily soluble in acetic 
acid, and almost insoluble in ligroin. 

10-Chloro-4-nitro-7-methyl-5 : 10-dihydrophenarsazine (XL).—2- 
Nitro-3’-methyldiphenylamine-6'-arsinic acid (10-75 g.) was reduced 
as just described, the crude dichloroarsine remaining after evapor- 
ation of the benzene being boiled in acetic acid solution (140 c.c.) for 
1} hours. Hydrogen chloride was freely evolved and red crystalline 
material, ultimately filling the liquid, gradually separated. After 
cooling, the precipitate was filtered off and recrystallised from 
acetic acid (1 g. in 25 c.c. when boiling). The compound (7-4 g., 
72% yield) crystallised in sheaves of deep red, doubly refracting 
needles, m. p. 201—202° (without decomp. but with previous slight 
softening) (Found: Cl, 10-3. C,3H, 90,N,ClAs requires Cl, 10-5%). 
It is readily soluble in hot acetone or benzene, slightly soluble in 
these cold solvents, and insoluble in ligroin (b. p. 80—100°). When 
an aqueous solution of chloramine-T was warmed with an acetone 
solution of the compound, a bright yellow acid was precipitated, 
but the method was not suitable for the preparation of the nitro- 
phenarsazinic acid. 

4-Nitro-7-methylphenarsazinic Acid (XLI).—A suspension of finely 
divided 10-chloro-4-nitro-7-methy]-5 : 10-dihydrophenarsazine (5-5 g.) 
in acetic acid (55 c.c.) was mixed with hydrogen peroxide (20 
vols., 36 c.c.) and gently heated to boiling. The deep red colour 
of the chloro-compound was rapidly replaced by the yellow-orange 
colour of the nitrophenarsazinic acid. Oxidation was completed 
by heating for 15 minutes on the water-bath. After cooling, water 
(110 c.c.) was added and the solid material filtered off, well washed 
with water, and dissolved in a hot dilute aqueous solution of sodium 
hydroxide. The hot liquid was filtered from non-acidic substances, 
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and the filtrate cooled; the orange-coloured sodium salt then 
separated in rhomb-shaped plates. This was dissolved in hot water, 
the solution acidified with hydrochloric acid, and the precipitated 
nitro-acid (4-0 g.) filtered off, well washed with water, dried at 140°, 
and recrystallised from dilute acetic acid, giving yellow needles, 
m. p. 300—303° (decomp.) (Found: As, 22-2. C,3H,,0,N,As 
requires As, 22-45%). 

This nitro-acid is not very soluble in cold aqueous alkaline solu- 
tions, but dissolves in hot dilute aqueous sodium hydroxide to a 
deep red solution. If this solution is treated with an excess of a 
strong aqueous solution of sodium hydroxide, a deep reddish-brown 
solution is produced, which, however, deposits the orange-coloured 
sodium salt on cooling. The acid dissolves in a mixture of alcohol 
and hydrochloric acid, is soluble in hot glacial acetic acid, slightly 
soluble in alcohol and acetone, and insoluble in water. 

4-Amino-7-methylphenarsazinic Acid (XLII).—A hot solution of 
the preceding nitro-acid (3-2 g.) in dilute aqueous sodium hydroxide 
(0-5 g. in 60 c.c.) was added to a suspension of ferrous hydroxide 
prepared by mixing a solution of ferrous sulphate (crystals, 21 g.) 
in water (63 c.c.) with aqueous sodium hydroxide (25%, 20 c.c.) 
contained in a wide-mouth flask, more water (15 c.c.) being used to 
wash in the sodium salt of the acid. The suspension was shaken 
for 10 minutes and filtered. The colourless filtrate rapidly acquired 
an amethyst colour. due to atmospheric oxidation. The residue on 
the filter was thoroughly washed with warm water, and the filtrate 
mixed with the main volume of liquid. The filtrate was cooled 
and carefully acidified with dilute hydrochloric acid, a slightly 
discoloured and somewhat gelatinous acid being precipitated. This 
was filtered off, well washed with water, and recrystallised from 
dilute acetic acid, short colourless needles being obtained, which 
remained unmelted at 310° (Found: As, 24-5. C,3H,,0,N,As 
requires As, 24-7%). The acid is somewhat soluble in concentrated 
hydrochloric acid, easily soluble in acetic acid, and insoluble in 
ethyl alcohol and in water. The sodium salt is precipitated as 
colourless needles when a strong aqueous solution of sodium 
hydroxide is added to a warm aqueous solution of the sodium salt 
and the mixture allowed to cool. The acid is readily soluble in a 
mixture of alcohol and hydrochloric acid. 

10-Chloro-4-amino-7-methyl-5 : 10-dihydrophenarsazine Hydrochlor- 
ide (XLIII).—The preceding compound (1-0 g.), dissolved in a hot 
mixture of alcohol (3-0 c.c.) and hydrochloric acid (3 c.c.) containing 
a trace of iodine, was reduced with sulphur dioxide. A greyish- 
yellow crystalline solid was precipitated together with some tarry 
matter. After cooling, the product was filtered off, dissolved in a 
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hot mixture of equal volumes of ethyl alcohol and hydrochloric 
acid, and boiled with decolorising charcoal. To the filtrate, con- 
centrated hydrochloric acid was added until crystalline material 
began to separate. 10-Chloro-4-amino-7-methyl-5 : 10-dihydrophen- 
arsazine hydrochloride crystallises in clusters of greyish-yellow needles, 
m. p. 216—220° (decomp.) (Found: Cl, 20-9. C,;H,,N,ClAs,HCl 
requires Cl, 20-7%). It is slightly soluble in cold alcohol and 
readily soluble in the hot solvent. 
3-Nitro-3'-methyldiphenylamine-6'-arsinic Acid (XLIV).—The con- 
densation of 3-amino-p-tolylarsinic acid (23-1 g.) with m-bromo- 
nitrobenzene (20-2 g.) in boiling amy] alcohol (100 c.c.) in the presence 
of anhydrous potassium carbonate (17-3 g.) and a trace of copper 
powder gave a 73% yield of crude 3-nitro-3'-methyldiphenylamine- 
6’-arsinic acid. It was recrystallised three times from glacial acetic 
acid and obtained in long yellow needles, m. p. 191—192° (Found : 
As, 21-6. C,3H,,0;N,As requires As, 21-3%). It is very soluble 
in hot glacial acetic acid but only slightly soluble in the cold; it is 
soluble in a mixture of alcohol and concentrated hydrochloric acid. 
10-Chloro-1(or 3)-nitro-7-methyl-5 : 10-dihydrophenarsazine (XLV). 
—The preceding substance (15-0 g.), dissolved in a boiling mixture 
of alcohol (90 c.c.) and hydrochloric acid (120 c.c.) containing a 
trace of iodine, was reduced in the usual manner with sulphur 
dioxide. The precipitated chloro-compound after drying was re- 
crystallised with difficulty from nitrobenzene and thoroughly washed 
with benzene (Found: Cl, 10-9. C©,;H,,0,N,ClAs requires Cl, 
105%). It forms deep red, small plates, m. p. 253—255° (decomp.) 
after slight shrinking and darkening; it is almost insoluble in 
benzene, acetic acid, formic acid, alcohol, and acetone, slightly 
soluble in chloroform, and somewhat readily soluble in o-dichloro- 
benzene and nitrobenzene. 
10-Bromo-1(or 3)-nitro-7-methyl-5 : 10-dihydrophenarsazine.—A boil- 
ing solution of 3-nitro-3’-methyldiphenylamine-6’-arsinic acid (3 g.) 
in alcohol (18 ¢.c.) and hydrobromic acid (35%, 24 c.c.) containing 
a trace of iodine, on reduction, yielded a deep red product, which 
was recrystallised with difficulty from o-dichlorobenzene and 
obtained in small, deep red plates, decomp. 248—250° after previous 
softening (Found : Br, 21-4. C,,;H,,0,N,BrAs requires Br, 21-0%). 
Its solubility is similar to that of the corresponding chloro-com- 
pound; it is also soluble in s-tetrachloroethane. 
4-Nitro-3'-methyldiphenylamine-6’-arsinic Acid—A mixture of 
3-amino-p-tolylarsinic acid (23-1 g.), p-bromonitrobenzene (20-2 g.), 
anhydrous potassium carbonate (17-3 g.), amyl alcohol (100 c.c.), 
and a trace of copper powder was boiled for 5 hours. The product 
(89% yield), worked up as described for similar condensations, 
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crystallised with extreme difficulty from glacial acetic acid in 
minute yellow prisms, m. p. 276° (vigorous decomp.) (Found : As, 
21-3. C,,;H,,0;N,As requires As, 21-3%). 

4-Amino-m-tolylarsinic acid (XLVI) was obtained in poor yield 
by the Béchamp reaction on p-toluidine (Benda, Ber., 1909, 42, 
3621). 

2-Nitro-4'-methyldiphenylamine-6'-arsinic Acid (XLVII).—A 65°, 
yield of this compound (crude) was obtained on boiling a mixture 
of 4-amino-m-tolylarsinie acid (13-45 g.), o-bromonitrobenzene 
(11-75 g.), anhydrous potassium carbonate (10-1 g.), amyl alcohol 
(58 c.c.), and a trace of copper powder for 5 hours and working up 
the product as in similar condensations. It was readily purified 
by crystallisation from dilute acetic acid (about 50%) and was 
obtained in deep bronze-yellow, prismatic needles somewhat soluble 
in acetic acid. It was somewhat volatile and on standing over 
potassium hydroxide under reduced pressure a deep red incrustation 
of the potassium salt formed on the surface of the drying agent. 
It had m. p. 226—227° and decomposed at 234° (Found: As, 
20-85. C,,H,,0;N,As requires As, 21-3%). The acid is slightly 
soluble in acetone. Apart from the alkali salts, which give deep 
red solutions, the salts are not characteristic. 

Reduction of 2-Nitro-4'-methyldiphenylamine-6'-arsinic Acid.—A 
boiling solution of the preceding acid (5-25 g.) in a mixture of 
alcohol (30 ¢c.c.) and hydrochloric acid (30 c.c.) containing a trace 
of iodine was treated with sulphur dioxide. A deeply coloured cil 
was precipitated. The cold supernatant liquid was decanted and 
the residue dissolved in benzene. The benzene solution was dried 
with calcium chloride and evaporated to dryness. The oily residue 
was taken up in benzene and cautiously treated with ligroin (b. p. 
60—80°) in order to precipitate amorphous matter. Further 
addition of ligroin to the filtered liquid gave an oil which could not 
be induced to solidify. Its ready solubility in the usual organic 
solvents indicated that it was the dichloroarsine in an impure form. 
When the oil was boiled with acetic acid (30 c.c.), hydrogen chloride 
was evolved and at the end of 1 hour it was necessary to add more 
acetic acid (15 c.c.) because of the red crystalline material which 
had separated filling the liquid. Boiling was continued for | 
hour. 10-Chloro-4-nitro-8-methyl-5 :10-dihydrophenarsazine (X LVI1II) 
formed minute prismatic needles, m. p. 206°. It was recrystallised 
from acetic acid (Found: Cl, 10-6. C,3H,,0,N,ClAs requires (), 
10-5%). It was distinctly soluble in benzene, insoluble in ligroin 
(b. p. 60—80°), soluble in acetone, and somewhat readily volatile 
under reduced pressure at the ordinary temperature. 

4-Nitro-8-methylphenarsazinic Acid (XLIX).—The preceding 
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compound (2-25 g.), suspended in cold acetic acid (23 c.c.), was 
treated with hydrogen peroxide (11 c.c.), and the mixture gently 
warmed on the water-bath. Oxidation was readily effected, the 
colour changing from crimson to orange-yellow. After 15 minutes, 
water (50 c.c.) was added, and the cold liquid filtered from the 
acid, which was washed with water, dissolved in cold dilute sodium 
hydroxide solution, and the filtered liquid acidified. The pre- 
cipitated acid crystallised with difficulty from slightly diluted acetic 
acid in small, orange-yellow needles, decomp. 297—300° (Found : 
As, 22-45. C,,H,,0,NjAs requires As, 22-45%). It is insoluble in 
alcohol or acetone but dissolves in a mixture of alcohol and hydro- 
chloric acid. The salts are very characteristic. The sodium salt 
(aci-salt of the 4-nitro-acid ?) forms bronze-yellow, hair-like needles 
when concentrated aqueous sodium hydroxide is added to a solution 
of the sodium salt. The ammonium salt is deposited from solution 
in hot concentrated aqueous ammonia, on cooling, in thin, deep 
red needles; when its aqueous solution is boiled, ammonia is 
evolved and the acid is precipitated. The barium salt is precipitated 
in clusters of reddish-yellow needles from dilute solutions; the 
calcium salt is slowly precipitated from dilute solutions in clusters 
of orange-yellow needles; the magnesium salt, obtained only on 
boiling the ammonium salt with magnesia mixture, forms glistening, 
orange-coloured, rhomb-shaped plates. The salts of the heavy 
metals are amorphous. 

3-Nitro-2-methyldiphenylamine-6’-arsinic Acid (XIV).—A mixture 
of 2-bromo-6-nitrotoluene (XIII) (18-3 g.), o-aminophenylarsinic 
acid (18-3 g.), potassium carbonate (14-7 g.), amyl alcohol (85 c.c.), 
and a trace of copper powder, on boiling for 5 hours, gave a 68% 
yield of crude 3-nitro-2-methyldiphenylamine-6'-arsinic acid. After 
two crystallisations from dilute acetic acid (charcoal), it was obtained 
in very pale yellow, glistening plates, m. p. 223—224° (decomp.) 
after slight softening (Found: As, 21-2. C,3;H,,0;N,As requires 
As, 213%). ‘The acid is readily soluble in hot alcohol. The sodium 
salt, precipitated on addition of 25% aqueous sodium hydroxide to 
a strong aqueous solution, forms pale yellow, glistening needles; 
the ammonium salt separates from its solution in hot concentrated 
aqueous ammonia, on cooling, in yellow needles. The barium salt 
is obtained, on cooling a hot solution containing a little ammonia, 
in pale, truncated, flat prisms soluble in hot water. The calcium 
salt, similarly prepared, crystallises in clusters of pale yellow needles. 
|  10-Chloro-3-nitro-4-methyl-5 : 10-dihydrophenarsazine (XV).—The 

preceding acid (8 g.), dissolved in a mixture of alcohol (45 c.c.) and 
hydrochloric acid (30 ¢.c.) containing a trace of iodine, on reduction 
with sulphur dioxide, gave a yellow product, m. p. 214—215°. 
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When recrystallised from benzene, in which it was somewhat 
soluble, it formed thick yellow prisms, m. p. 216-5° (Found : Cl, 10-85. 
C,3;H,,)0,N,ClAs requires Cl, 10-5%). It is'’somewhat more soluble 
in the usual organic solvents than might have been anticipated. 
10-Bromo-3-nitro-4-methyl-5 : 10-dihydrophenarsazine was obtained 
in a similar way by reducing the arsinic acid (2-2 g.) in solution in 
a mixture of alcohol (12 c.c.) and hydrobromic acid (36%, 12 c.c.). 
The oil which was first precipitated quickly solidified and then 
crystallised from benzene in orange-yellow prisms, m. p. 216-5° 
(Found: Br, 21:2. C,3H,,0,N,BrAs requires Br, 21-0%). 
3-Nitro-4-methylphenarsazinic Acid (XVI).—It was necessary to 
heat a mixture of the chloro-compound (XV) (1-2 g.), acetic acid 
(12 c.c.), and hydrogen peroxide (20 vols., 6 c.c.) for 14 hours on 
the water-bath to effect complete oxidation. Water (20 c.c.) was 
added, the precipitated acid was dissolved in warm dilute sodium 
hydroxide solution to separate it from non-acidic substances, the 
filtered liquid treated with decolorising charcoal, and concentrated 
sodium hydroxide solution added to the hot filtrate. On cooling, 
the sodium salt was precipitated in orange-yellow, thin needles. 
The acid, which was precipitated in good yield in a gelatinous 
form on acidification of the sodium salt, crystallised from a mixture 
of acetic acid and dilute hydrochloric acid in clusters of pale yellow 
needles. It remained unmelted at 306° (Found: As, 22:2. 
C,3H,,0,N,As requires As, 22-45%). A solution of the sodium 
salt is pale orange-yellow. 3 
4-Nitro-2-methyldiphenylamine-6' -arsinic Acid (X VIII).—2-Bromo- 
5-nitrotoluene (XVII) (25-2 g.), o-aminophenylarsinic acid (25-2 g.), 
potassium carbonate (20-2 g.), amyl alcohol (117 c.c.), and a trace 
of copper powder, boiled for 5 hours, gave a 73°% yield of the crude 
condensation product. The only satisfactory method of purification 
was to dissolve the crude material in a boiling mixture of alcohol 
and concentrated hydrochloric acid and add an excess of warm 
water to the filtered solution. The acid was thus obtained in thin, 
pale yellow needles, decomposing vigorously at 277° (Found: As, 
21-4. C,3H,,0;N,As requires As, 21-3%). It is insoluble in water, 
alcohol, and acetic acid; it dissolves in concentrated sulphuric 
acid, yielding an orange-coloured solution which rapidly changes 
to bluish-green and then, on addition of nitric acid, to olive-green 
and finally to orange. The salts of this acid are particularly well 
defined. The sodium salt is precipitated from concentrated solu- 
tions by the addition of concentrated sodium hydroxide solution 
in golden-yellow flat needles which dissolve in cold water, giving 
an orange-red solution. Addition of concentrated aqueous sodium 
hydroxide to this solution does not produce a purple colour (compare 
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2-nitro-4-methylphenarsazinic acid, below). The ammonium salt 
(precipitated only when 0-880 ammonia solution is used) forms 
orange-yellow needles which yield a deep red aqueous solution. 
The barium salt, prepared only in the presence of a slight excess 
of ammonia, forms thick yellow plates when crystallised from hot 
water, in which it is only slightly soluble. The calcium salt, pre- 
pared in a similar manner, forms orange-yellow plates insoluble in 
cold and in hot water. The magnesium salt is an orange amorphous 
precipitate produced when the acid is boiled with magnesia mixture. 
The mercurous and mercuric salts, the former soluble in ammonia, 
crystallise in tufts of yellow needles; the silver and lead salts are 
flocculent yellow precipitates, the former soluble in ammonia. 

10-Chloro-2-nitro-4-methyl-5 : 10-dihydrophenarsazine (XIX).—The 
preceding acid (10 g.) was reduced by saturating with sulphur 
dioxide a boiling solution in alcohol (160 c.c.) and hydrochloric 
acid (50 ¢c.c.) containing a trace of iodine. The yellow precipitate 
was washed with alcohol and, after drying at 110°, recrystallised 
from o-dichlorobenzene, giving deep yellow needles, m. p. 303—305° . 
(decomp.) (Found : Cl, 10-85. C,3H,,0,N,CIAs requires Cl, 10-5%). 
It is insoluble in benzene, acetic acid, alcohol, and ether, but slightly 
soluble in acetone. The same substance is produced when 2-nitro- 
4-methylphenarsazinic acid (see below) is reduced with sulphur 
dioxide under similar conditions to the above. 

10-Bromo-2-nitro-4-methyl-5 : 10-dihydrophenarsazine was obtained 
by reducing 4-nitro-2-methyldiphenylamine-6’-arsinic acid with 
sulphur dioxide in the presence of hydrobromic acid under the 
usual conditions. The product was finally recrystallised from 
o-dichlorobenzene and obtained in orange-yellow plates with a 
metallic sheen; m. p. 301—302° (decomp.) (Found: Br, 21-4. 
C,3;H,,0,N,BrAs requires Br, 21-0%). It is insoluble in benzene 
and ether and slightly soluble in alcohol, acetone, and acetic acid 
(see below). 

2-Nitro-4-methylphenarsazinic Acid (XX).—Kither of the two pre- 
ceding compounds (3-85 g.) was boiled with acetic acid (50 c.c.); 
most of it dissolved. The liquid was cooled rapidly to obtain fine 
crystals, and hydrogen peroxide (20 vols., 25 c.c.) added. When 
the mixture was gently warmed and finally boiled for 5 minutes, a 
pale yellow solid separated; water was added after the mixture 
had cooled. The acid was dissolved in dilute sodium hydroxide 
solution, heated to boiling, and decolorised with charcoal, and the 
filtrate acidified with dilute hydrochloric acid. The phenarsazinic 
acid was precipitated as a pale yellow, gelatinous mass which, 
recrystallised from much glacial acetic acid, formed clusters of pale 
yellow needles, unmelted at 306° (Found: As, 22-5. C,,;H,,0,N,As 
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requires As, 22-4%). The ammonium salt is precipitated in fine 
yellow needles by the addition of an excess of concentrated aqueous 
ammonia to a solution of the acid in dilute ammonia solution. 
On boiling a solution of the ammonium salt, ammonia is evolved 
and the acid is precipitated. The barium salt forms clusters of 
pale yellow needles insoluble in cold and in hot water. The calcium 
salt forms short orange-yellow prisms. The silver salt is an 
amorphous yellow precipitate soluble in ammonia solution; the 
magnesium salt, formed only on boiling, crystallises in thin yellow 
prisms. The mercurous and mercuric salts are pale yellow amorph- 
ous precipitates; the lead salt is similar but deep yellow. The 
potassium salt is precipitated from solutions in hot 25% potassium 
hydroxide solution on cooling, in thin golden-yellow prisms. These 
dissolve in water to an orange-red solution (concentrated) or pale 
yellow solution (dilute). Addition of 25% potassium hydroxide 
solution to either solution causes it to become deep purple (form- 
ation of the dipotassium salt of the y-acid?); on dilution, this 
solution becomes pale yellow, and will then again go through the 
same changes. The sodium salt crystallises in tufts of orange- 
yellow needles and its solutions behave similarly. 

5-Nttro-2-methyldiphenylamine-6'-arsinic Acid (XXII).—A mix- 
ture of 2-bromo-4-nitrotoluene (X X1) (22-4 g.), o-aminophenylarsinic 
acid (22-4 g.), potassium carbonate (18 g.), amyl alcohol (104 c.c.), 
and a trace of copper powder was submitted to the usual treatment. 
The crude product was recrystallised from 50% acetic acid and 
obtained in 56% yield in clusters of light yellow needles, m. p. 
224—226° (slight decomp.) (Found: As, 21-3. C,,3H,,;0;N.As 
requires As, 213%). The acid is insoluble in water, slightly 
soluble in cold alcohol, and somewhat readily soluble in hot alcohol. 
It dissolves readily in a mixture of alcohol and concentrated hydro- 
chloric acid. The alkali salts dissolve readily in water, forming 
deep red solutions. The barium salt crystallises in yellow plates 
and the calcium salt in bright yellow needles. The lead, silver and 
mercurous salts are yellow gelatinous precipitates, the mercuric 
salt crystallises in thin yellow needles, and the magnesium salt, 
formed only on boiling the acid with magnesia mixture, separates 
in tufts of colourless needles. 

5-Nitro-2-methyldiphenylamine-6' -dichloroarsine (X XIII).—A boil- 
ing solution of the preceding acid (10 g.) in a mixture of alcohol 
(60 c.c.) and hydrochloric acid (40 ¢.c.) containing a trace of iodine 
was reduced with sulphur dioxide. After cooling, the precipitated 
orange-yellow crystalline solid was separated and recrystallised from 
benzene and obtained in bright yellow, rhomb-shaped plates, m. p. 
173° (Found: Cl, 18-5. €,;H,,0,N,Cl,As requires Cl, 19-0%). 
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10-Chloro-1-nitro-4-methyl-5 : 10-dihydrophenarsazine (XXIV).— 
The crude reduction product from compound (XXII) (10 g.) was 
added to acetic acid (40 c.c.), and the mixture boiled for 2 hours. 
The acetic acid solution was evaporated to one-third of its volume, 
and, on cooling, the product separated in thick, deep red prisms 
which, after recrystallisation from glacial acetic acid, had m. p. 
258—260° (Found : Cl, 10-9. C,,H,,0,N,ClAs requires Cl, 10-5%). 
The compound is slightly soluble in hot acetic acid, sparingly 
soluble in acetone, alcohol, and benzene, and insoluble in ligroin, 
but readily soluble in boiling o-dichlorobenzene. 

5-Nitro-2-methyldiphenylamine-6'-dibromoarsine and 10-Bromo-1- 
nitro-4-methyl-5 : 10-dihydrophenarsazine.—A boiling solution of com- 
pound (XXIT) (4-7 g.) in alcohol (60 ¢.c.) and hydrobromic acid 
(d 1-324, 60 c.c.) containing a trace of iodine was reduced with 
sulphur dioxide. The crystalline reduction product appeared to be 
a mixture of yellow and orange substances. After filtration and 
drying on porous porcelain, it was extracted twice with boiling 
benzene. ‘The insoluble deep red substance was recrystallised from 
o-dichlorobenzene and obtained in stout, deep red prisms, decom- 
posing vigorously at 272°. The benzene extract was evaporated 
to dryness and the residue recrystallised from benzene (charcoal). 
The yellow flat plates obtained had m. p. 164°. The substance 
became deep red at its melting point, partly solidified as the 
temperature was raised, and decomposed vigorously at 230°. 

The deep red product was only slightly soluble in the usual 
solvents and proved to be 10-bromo-1-nitro-4-methyl-5 : 10-dihydro- 
phenarsazine (Found: Br, 21-2. C,,H,)0,N,BrAs requires Br, 
210%). The yellow substance was readily soluble in acetone, 
hot benzene, and hot glacial acetic acid; it proved to be 
5-nitro-2-methyldiphenylamine-6'-dibromoarsine (Found: Br, 34-2. 
C,;H,,0,N,Br,As requires Br, 34-6%). 

1-Nitro-4-methylphenarsazinic Acid (XXV).—Compound (XXIV) 
(0-75 g.), mixed with acetic acid (7-5 c.c.) and hydrogen peroxide 
(20 vols., 3-7 ¢.c.), was slowly oxidised by heating on the water- 
bath for 30 minutes. The acid precipitated by the addition of 
water was dissolved in warm dilute aqueous sodium hydroxide 
(charcoal), and the filtered solution immediately acidified. The 
orange-yellow acid obtained could not be recrystallised directly ; 
it darkened at about 295° but remained unmelted at 305° (Found : 
As, 22-1. C,,;H,,0,N,As requires As, 22-45%). On boiling with 
moderately concentrated sodium hydroxide solution for a short 
time, a brown amorphous acid was precipitated. This presumably 
was a mixture of dinitroso-, azoxy-, and azo-stilbenearsinic acid 
derivatives, analogous to that obtained when a simple arsinic acid 
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having a methyl group in the para-position to a nitro-group is 
treated with hot concentrated sodium hydroxide solution (compare 
Benda and Schultz, Ber., 1886, 19, 3234). 

2-Nitro-6-methyldiphenylamine-6’-arsinic Acid (V).—A mixture of 
o-aminophenylarsinic acid (12-55 g.), 2-bromo-3-nitrotoluene (12-55 
g.), potassium carbonate (10-1 g.), amyl alcohol (58 c.c.), and a 
trace of copper powder was boiled for 5 hours. The crude product 
(7-15 g., 35%) was obtained pure after one recrystallisation from 
dilute acetic acid (charcoal). The compound crystallises in golden- 
yellow plates, m. p. 195—197° (Found: As, 21-2. C,3H,,0;N,As 
requires As, 21-3%). It is readily soluble in boiling glacial acetic 
acid, but not very soluble in the cold solvent. Dilute acetic acid is 
the best medium for recrystallisation. The arsinic acid is very 
sparingly soluble in alcohol and in water, but dissolves readily in a 
mixture of alcohol and concentrated hydrochloric acid. It is 
remarkably volatile, especially under reduced pressure. The 
ammonium salt is a yellow microcrystalline powder insoluble in 
excess of ammonia solution; the sodium salt is precipitated in 
yellow needles from a solution in concentrated aqueous sodium 
hydroxide; the barium salt, somewhat soluble in hot water, crystal- 
lises in orange-yellow plates and is the most characteristic salt of 
the acid. 

2-Nitro-6-methyldiphenylamine-6'-dichloroarsine (V1).—A_ boiling 
solution of the preceding compound (2 g.) in alcohol (15 c.c.) and 
hydrochloric acid (15 c.c.) containing a little iodine, on reduction 
with sulphur dioxide, gave a deeply coloured, heavy oil, which was 
separated by decantation and dissolved in benzene; the benzene 
solution was washed with concentrated hydrochloric acid and dried 
with calcium chloride, and the benzene evaporated. The residue 
was again dissolved in benzene, and the amorphous material 
separated by the careful addition of ligroin. The filtrate was again 
evaporated to dryness, and the somewhat resinous residue recrystal- 
lised from a small quantity of glacial acetic acid. The dichloroarsine 
was thus obtained in small, orange-yellow prisms, m. p. 104—105° 
(Found: Cl, 18-5. C,,;H,,0O,N,Cl,As requires Cl, 19-0%). It is 
easily soluble in benzene, acetone, chloroform, and hot acetic acid. 
It is also slightly soluble in ligroin (b. p. 60—80°). 

2-Nitro-6-methyldiphenylamine-6'-dibromoarsine (VII) was pre- 
pared and isolated in a similar manner to the preceding compound, 
hydrobromic acid (36%, 15 c.c.) being used for similar quantities. 
It crystallised in slender, bronze-orange prisms, m. p. 97—98° 
after slight softening. Its solubility is generally very similar to 
that of the corresponding chloro-compound (Found: Br, 34:2. 
C,,;H,,0,N,Br,As requires Br, 34-6%). 
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2-Nitro-4-methyldiphenylamine-6'-arsinic Acid (IX).—A mixture 
of o-aminophenylarsinic acid (11-2 g.), 4-bromo-3-nitrotoluene (VIII) 
(11-2 g.), potassium carbonate (9-0 g.), amyl alcohol (52 c.c.), and 
a trace of copper powder was boiled for 5 hours. The crude con- 
densation product, isolated as in other cases, crystallised from 
dilute acetic acid in golden-yellow needles, m. p. 227—229° (decomp. ) 
(Found: As, 21-3. C,3H,,0;N,As requires As, 21:3%). It is 
insoluble in water, but readily soluble in hot glacial acetic acid. 
Solutions of the alkali salts are deep red; the magnesium salt is 
formed only on boiling with magnesia mixture. 

2-Nitro-4-methyldiphenylamine-6' -dichloroarsine (X).—The preced- 
ing substance (10-3 g.), dissolved in a boiling mixture of alcohol 
(30 c.c.) and hydrochloric acid (33 c.c.) containing a trace of iodine, 
was reduced in the usual manner. A heavy oil separated; this 
was decanted and dissolved in benzene, and the filtered solution 
dried with calcium chloride. Approximately two-thirds of the 
solution was reserved for the preparation of the succeeding com- 
pound (XI), the remaining portion being concentrated to small 
bulk. Cautious addition of ligroin (b. p. 60—80°) caused the pre- 
cipitation of amorphous matter, which was filtered off, and the 
further addition of ligroin precipitated an oil which was finally 
obtained crystalline. It was recrystallised from benzene-ligroin, 
and the dichloroarsine thus obtained in short orange-yellow prisms, 
m. p. 91—93°. It is readily soluble in benzene and acetone and 
somewhat readily soluble in hot ligroin (Found: Cl, 18-55. 
C,,H,,0,N,Cl,As requires Cl, 19-0%). 

10-Chloro-4-nitro-2-methyl-5 : 10-dihydrophenarsazine (X1).—The 
benzene extract reserved in the previous preparation was evaporated 
to dryness, and the residual oil (approx. 6 g.) boiled in acetic acid 
solution (65 c.c.) for 3 hours. Hydrogen chloride was evolved, 
but no solid separated until the solution was cooled. The substance 
was recrystallised from glacial acetic acid and obtained in deep red 
needles, m. p. 187—188° after slight softening (Found: Cl, 10-35. 
C,3H,)0,N,ClAs requires Cl, 10-5%). It is readily soluble in 
acetone, benzene, and hot glacial acetic acid and only sparingly 
soluble in ligroin. 

10-Bromo-4-nitro-2-methyl-5 : 10-dihydrophenarsazine.—A hot solu- 
tion of compound (IX) (6 g.) in a mixture of alcohol (30 c.c.) and 
hydrobromic acid (d 1-265, 30 c.c.) containing a trace of iodine 
was reduced with sulphur dioxide. An oil and a deep red solid 
were precipitated. The two were separated by decantation; the 
red solid had m. p. 180—186°. The oil was readily soluble in 
benzene, but application of the methods successfully applied to 
dichloroarsines similarly prepared did not lead to the isolation of 
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the dibromoarsine in a state of purity. The oil was therefore 
boiled with acetic acid (45 c.c.) for 3 hours, hydrogen bromide 
being evolved. On cooling, deep red needles were deposited and 
on recrystallisation from glacial acetic acid the product was obtained 
in deep crimson needles, m. p. 186—188° (Found: Br, 21-5. 
C,3;H,,0,N,BrAs requires Br, 21-0%). The red solid precipitated 
with the oil was shown to be the same substance. Reduction of 
2-nitro-4-methyldiphenylamine-6’-arsinic acid leads therefore to the 
formation of the dibromoarsine and the ring bromo-compound. 
10-Bromo-4-nitro-2-methyl-5 : 10-dihydrophenarsazine is more sol- 
uble in the usual solvents than the corresponding chloro-compound. 
4-Nitro-2-methylphenarsazinic Acid (XII).—A suspension of the 
chloro-compound (XI) (2 g.) in acetic acid (20 c.c.) was treated 
with hydrogen peroxide (20 vols., 13 c.c.) as described in similar 
oxidations. The crude product readily dissolved in cold dilute 
sodium hydroxide solution; after being boiled with decolorising 
charcoal, filtered, acidified, and cooled, the deep red solution yielded 
the phenarsazinic acid as a voluminous yellow precipitate. This 
crystallised from dilute acetic acid (about 80%) in clusters of fine 
needles (Found: As, 22-5. C,,;H,,0,N,As requires As, 22-45%). 
It decomposes violently at 305°, is insoluble in cold alcohol, slightly 
soluble in hot alcohol, and apparently insoluble in cold or hot 
water. Its amphoteric character is demonstrated by the ease with 
which it dissolves in acetic acid and in a mixture of alcohol and 
hydrochloric acid. The ammonium salt loses ammonia when its 
aqueous solution is boiled, the acid being precipitated. When a 
20% solution of sodium hydroxide is added to a solution of the 
acid in dilute aqueous sodium hydroxide, a sodium salt is pre- 
cipitated in short yellow plates; the hot solution, however, yields 
a deep brown (aci?) crystalline salt, which changes to the former 
on cooling. The silver salt is an orange-yellow amorphous sub- 
stance soluble in ammonia; the barium salt forms small, deep 
yellow, flat needles, the calcium salt long plates arranged in clusters. 
The last two salts are very well defined and characteristic. 
5-Nitro-3-methyldiphenylamine-6'-arsinic Acid (XXXI).—3- 
Bromo-5-nitrotoluene (XXX) (22-4 g.), condensed under the usual 
conditions with o-aminophenylarsinic acid (22-4 g.), gave an 88% 
yield of the crude acid. The somewhat tarry product solidified on 
standing and was then recrystallised from 50% acetic acid (char- 
coal). After a further recrystallisation, the pure acid was obtained 
in long, pale yellow needles, m. p. 228—230° (decomp.) (Found : 
As, 21-5. C,,H,,0;N,As requires As, 21:3%). The ammonium 
salt is sparingly soluble in an excess of concentrated ammonia 
solution and its solution in water is deep red. The calcium salt 
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crystallises in clusters of yellow needles; the barium salt is easily 
crystallised from hot water and is obtained in glistening yellow 
plates; the silver, mercurous, mercuric and lead salts are yellow 
amorphous precipitates; the sodium salt is deep reddish-brown 
and sparingly soluble in a concentrated solution of sodium hydroxide. 
The magnesium salt, unlike those of most arsinic acids, is formed 
in the cold solution in clusters of yellow needles. 

10-Chloro-l(or 3)-nitro-3(or 1)-methyl-5 : 10-dihydrophenarsazine 
(XX XIT).—A boiling solution of the preceding acid (10 g.) in alcohol 
(50 c.c.) and hydrochloric acid (40 c.c.) containing a little iodine, 
on reduction in the usual manner with sulphur dioxide, gave a 
good yield of homogeneous material and the mother-liquor gave 
no further precipitate when resaturated with sulphur dioxide and 
kept. The melting point of the crude material was 225—228° and 
this indicated that ring closure had taken place; moreover the 
material was insoluble in the usual organic solvents and also in 
o-dichlorobenzene and in s-tetrachloroethane. It was sparingly 
soluble in nitrobenzene. It crystallised from butyric acid (the best 
solvent for purification) in clusters of orange-coloured needles, 
decomp. 245—247° (Found: Cl, 10-5. C,3;H,,O,N,ClAs requires 
Cl, 10-5%). 

10-Bromo-1( or 3)-nitro-3(or 1)-methyl-5 : 10-dihydrophenarsazine. 
—A boiling solution of the acid (XX XI) (5-3 g.) in alcohol (40 c.c.) 
and hydrobromic acid (36%, 30 c.c.) containing a little iodine, on 
reduction in the usual manner, gave a homogeneous deep red 
product. It was recrystallised from a large volume of acetic acid 
and obtained in thick red prisms having an indefinite melting 
point (237—-242°), the last portions to separate from the mother- 
liquor having also the same indefinite melting point (Found: Br, 
21:2. C,3H,,0,N,BrAs requires Br, 21-0%). 

l(or 3)-Nitro-3(or 1)-methylphenarsazinic Acid.—The chloro-com- 
pound (XXXII) (0-9 g.), suspended in acetic acid (10 c.c.), was 
gently warmed with hydrogen peroxide (20 vols., 5-0 c.c.), its colour 
changing to yellow. The mixture was boiled for a few minutes, 
water (20 c.c.) added, and the yellow solid which separated on 
cooling was filtered off and dissolved in the minimum quantity of 
dilute sodium hydroxide solution. After treatment with decolor- 
ising charcoal, the filtrate was acidified with the minimum quantity 
of dilute hydrochloric acid, the phenarsazinic acid being precipitated 
as a gelatinous yellow solid. It crystallised from dilute acetic acid 
in clusters of short yellow needles, which remained unmelted at 
300° (Found: As, 22-05. C,;H 110,N,As requires As, 22: 45%). 
The sodium salt is obtained in soft needles sparingly soluble in 
dilute sodium hydroxide solution. 
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3-Nitro-4-methyldiphenylamine-6'-arsinic Acid (XXVII).—4. 
Bromo-2-nitrotoluene (X XVI) (16-8 g.), condensed with o-amino. 
phenylarsinic acid (16-8 g.) in the presence of potassium carbonate 
(13-5 g.), amyl alcohol (78 c.c.) and a trace of copper powder, gave 
a tarry product which could not be crystallised directly. It was 
therefore treated in boiling dilute ammonia solution with barium 
nitrate (the boiling solution must contain free ammonia); the 
barium salt (28-4 g.) then crystallised in golden-yellow, rhomb. 
shaped plates containing 6H,O (Found: H,O, 17:3, 17-9. 
C,,;H,,0,N,AsBa,6H,O requires H,O, 18-1%). The anhydrous salt 
is chocolate-brown (Found: Ba, 23-0. C,,;H,,0;N,AsBa requires 
Ba, 23-0%) and readily reverts to the yellow hydrate on warming 
with water. The free acid was obtained by suspending the barium 
salt in boiling water, acidifying it with dilute hydrochloric acid, 
and adding acetic acid to the boiling solution until the latter was 
homogeneous. After treatment with -decolorising charcoal, the 
filtrate deposited the arsinic acid in bright yellow needles, m. p. 
165—166° (Found: As, 21-0. C,3H,,0;N,As requires As, 21-3°%). 
It is insoluble in water and readily soluble in boiling acetic acid. 

Reduction of 3-Nitro-4-methyldiphenylamine-6'-arsinic Acid.—The 
preceding substance (4-2 g.), dissolved in a boiling mixture of 
alcohol (30 ¢.c.) and hydrochloric acid (20 c.c.) containing a trace 
of iodine, was reduced with sulphur dioxide. A quantity cf orange- 
yellow material (A) separated. This was filtered off and the filtrate 
was boiled and again saturated with sulphur dioxide. A quantity 
of red material (B) was precipitated. A and B were separately 
washed with alcohol and dried on porous porcelain. A, almost 
insoluble in benzene, crystallised from acetic acid in orange-yellow 
prisms, m. p. 257—258° (decomp.). B, readily soluble in hot 
benzene, crystallised from this solvent in bright red needles, m. p. 
225—226° (decomp.). The decomposition point of the mixture 
was 225—226°. The substances are different not only in colour 
and crystalline form but also in solubility, B being generally much 
more soluble than A. When a mixture of A and B was dissolved 
in hot benzene, the two substances crystallised out side by side 
and could be separated mechanically. From the results of analysis 
the two substances must be the two isomeric ring condensation 
compounds [Found : for A (probably XXVIII), Cl, 10-2; for B 
(probably X XTX), Cl, 10-15. C,3;H,)O,N,ClAs requires Cl, 10-5%|. 

1- and 3-Nitro-2-methylphenarsazinic Acids.—Oxidation of sub- 
stance A. The chloro-compound (3-3 g.) was heated with acetic 
acid (33 c.c.) and hydrogen peroxide (20 vols., 15 ¢.c.)._ A clear 
solution resulted while boiling and yellow needles soon began to 
separate. After 10 minutes’ boiling, water (60 c.c.) was added: 
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the precipitated acid crystallised from a large volume of dilute 
acetic acid in minute yellow needles, unmelted at 297° (Found : 
As, 22-3. © ,H,,0,N,As requires As, 22-45%). The barium salt 
formed orange-coloured needles; the sodium salt, obtained from a 
solution in concentrated aqueous sodium hydroxide, formed thin, 
pale yellow needles. 

Oxidation of substance B. This was oxidised in the same way as 
the above, the two acids and salts being superficially indistinguish- 
able (Found : As, 22-2. C,,H,,0,N,As requires As, 22-45%). The 
acid was unmelted at 297°. 

4-Nitro-3-methyldiphenylamine-6'-arsinic Acid (XXXIV).—The 
condensation of 3-bromo-6-nitrotoluene (XX XIII) (19-4 g.) with 
o-aminophenylarsinic acid (19-4 g.) in presence of amyl alcohol 
(90 ¢.c.), potassium carbonate (15-6 g.), and a trace of copper 
powder gave a product which was purified as follows. The crude 
acid (86% yield) was dissolved in hot 20% sodium hydroxide 
solution and allowed to cool. The sodium salt was filtered off, 
recrystallised from 20°, aqueous sodium hydroxide, and obtained 
in golden-yellow needles. It was dissolved in hot water and treated 
with glacial acetic acid until a faint turbidity was produced in the 
boiling solution; this was then boiled with decolorising charcoal, 

filtered, and allowed to cool. The acid was precipitated usually in 
| pale yellow needles, but occasionally as a gum which solidified on 
cooling. In the latter case, a little of the acid was used for seeding 
the solution after it had been reheated and allowed to cool. The 
acid was finally recrystallised from dilute acetic acid and obtained 
in pale yellow needles with no definite melting point, ultimately 
decomposing vigorously at 200° (Found: As, 21-2. C,;H,,0;N,As 
requires As, 21-3%). All the salts appear to be amorphous except 
the sodium and ammonium salts. 

10-Chloro-2-nitro-l(or 3)-methyl-5 : 10-dihydrophenarsazine 
(XXXV).—On reduction of the preceding acid (6 g.), dissolved in 
a mixture of alcohol (20 c.c.) and hydrochloric acid (20 c.c.), in the 
usual way, an oil and solid matter were precipitated. The oil 
solidified on cooling, and the dry solid mass had m. p. 220—228° 
(decomp.). It was sparingly soluble in benzene and was recrystal- 
lised from acetic acid (charcoal), forming orange-yellow prisms, 
m. p. 236—238° (decomp.) (Found: Cl, 10-7. C©,,H,,0,N,ClAs 
requires Cl, 10-5%). It is moderately easily soluble in acetone, 
slightly soluble in alcohol and s-tetrachloroethane, but insoluble in 
carbon tetrachloride. 

2-Nitro-l(or 3)-methylphenarsazinic Acid (XX XVI).—The oxid- 
ation of the preceding substance (2-6 g.), suspended in acetic acid 
(26 c.c.), with hydrogen peroxide (13 c.c.) proceeded slowly even 
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im the boiling solution on account of the sparing solubility of the 
chloro-compound. After boiling for 5 minutes, it was heated on 
the water-bath for 30 minutes, water (52 c.c.) added, and the 
precipitated acid separated from non-acidic substances by solution 
in alkali. The filtered deep red solution on acidification gave a 
yellow gelatinous precipitate of the acid, which was crystallised 
from a mixture of acetic acid and dilute hydrochloric acid, forming 
yellow needles, unmelted at 308°. It was insoluble in water and only 
slightly soluble in acetic acid (Found: As, 22-45. C,,H,,0,N,As 
requires As, 22-45%). The calcium and barium salts form pale 
yellow needles. The salts of the heavy metals are amorphous. 
The sodium salt gives in water a deep red solution which becomes 
yellow on dilution; on addition of concentrated sodium hydroxide 
solution, the red colour is again produced, which again changes to 
yellow on dilution (compare 2-nitro-4-methylphenarsaziniec acid, 
XX). The sodium salt is precipitated in crimson needles when its 
hot solution in moderately concentrated aqueous sodium hydroxide 
is cooled. 


Guy’s Hosprrat Meprcat Scnoor (UNIvErRsiry or Lonpoy), 
Lonvon, S.E. 1. [ Received, April 17th, 1929.] 





CLXIV.—Tertiary Phosphines containing the Higher 
Alkyl Radicals. | 


By WatrTeR CuLE Davies, Percy Lronarp PEaRsE, and WILLIAM 
JACOB JONES. 


Canours (Jahresber., 1873, 518) stated that zine propyl on inter- 
action with phosphorus trichloride gave tripropylphosphine. 
Attempts by Collie (J., 1888, 53, 715) to prepare tripropylphosphine, 
by heating phosphonium iodide with propyl alcohol in sealed tubes, 
were unsuccessful. However, by distilling propyltriethylphos- 
phonium chloride he obtained propyldiethylphosphine hydro- 
chloride, and similarly, from isoamyltriethylphosphonium chloride, 
isoamyldiethylphosphine hydrochloride. Hofmann (Ber., 1873, 6, 
292) obtained small quantities of tritsopropyl-, tritsobutyl-, and 
tritsoamyl-phosphine, in an impure state, by digesting the secondary 
phosphine with the corresponding iodide and treating the product 
with alkali. In a similar manner he prepared the hydriodide of 
ethylisopropylisobutylphosphine by heating ssopropylisobutyl- 
phosphine with ethyl iodide. Hofmann failed to obtain tertiary 
bases by heating phosphonium iodide with isobutyl and isoamy] 
alcohol, respectively. Moreover, Hofmann (Phil. T'rans., 1860, 150, 
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412) made unsuccessful attempts to prepare triisoamyl- and triallyl- 
phosphine by heating the corresponding iodide with phosphorus and 
zine. 

None of the preceding methods affords a satisfactory means of 
preparing tertiary phosphines containing higher alkyl radicals in 
good yield and in pure condition. For this purpose the use of 
Grignard reagents is much to be preferred and has already proved 
to be successful in the case of phosphines containing the n-butyl 
radical (Davies and Jones, this vol., p. 33): This. method, however, 
is restricted, because with the higher alkyl halides the yield of 
organomagnesium derivative is often poor, and, where Grignard 
reagents derived from secondary and tertiary alkyl halides are 
caused to interact with phosphorus halides, side reactions seriously 
interfere with the yield of tertiary phosphine. In the course of the 
present investigation tertiary phosphines containing the following 
alkyl groups have been prepared: n-propyl, isobutyl, n-amyl, 
8-methylbutyl, y-methylbutyl (isoamyl), and 3-methylamyl (iso- 
hexyl). 

In the air the trialkylphosphines are directly converted into their 
oxides, the n-series being less readily oxidised than the iso-series, 
whereas phosphines containing aryl groups are unaffected. On 
analysis by combustion with copper oxide the phosphines give low 
results for carbon and for hydrogen, particularly if they are not 
previously thoroughly mixed with powdered copper oxide. No 
satisfactory results were obtained in estimations of phosphorus, 
although repeated attempts were made by the following methods : 
heating the phosphine with fuming nitric acid in a sealed tube, with 
sodium carbonate in a current of oxygen (compare Bay, Compt. rend., 
1908, 146, 814), with a mixture of concentrated nitric and sulphuric 
acids, with potassium persulphate and concentrated sulphuric acid 
(Poggi and Polverini, Atti R. Accad. Lincei, 1926, 4, 315), and with 
‘ perhydrol ” and concentrated sulphuric acid. Trialkylphosphines 
combine directly with carbon disulphide to give stable red crystalline 
compounds, but in the case of the alkylarylphosphines the red 
compounds formed immediately dissociate completely on being 
isolated. All the phosphines here described combine with methyl 
iodide, but difficulty is experienced in obtaining phosphonium 
halides by combination with the higher alkyl halides. 

The method of preparing phosphines adopted in the present 
investigation is similar to that which has been already described 
(Davies and Jones, loc. cit.), but the proportions of the Grignard 
reagent and of the phosphorus chloride have been varied according 
to the yield of organomagnesium halide obtained and to the chlorine- 
content of the particular phosphorus chloride used. 
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EXPERIMENTAL. 


Tri-n-propylphosphine is prepared by the addition of 12 c.c. of 
phosphorus trichloride in 50 c.c. of ether to a Grignard solution made 
from 56 c.c. of n-propyl bromide, 15 g. of magnesium and 300 c.c. of 
ether. Yield of purified phosphine, 10 g. B. p. 103-5°/50 mm., 
187-5°/760 mm.; d2 0-807 (Found: C, 66-9; H, 13-3; M, 161. 
C,H,,P requires C, 67-4; H, 13:2%; M, 160). The carbon di- 
sulphide compound, C,H,,P,CS,, m. p. 108° (Found: S, 26-9. 
C,oH,,5,P requires S, 27-1%), is prepared by mixing alcoholic 
solutions of its components, and recrystallised from alcohol. T'ri- 
n-propylphosphine mercurichloride, m. p. 137°, is obtained by mixing 
alcoholic solutions of the constituents and repeatedly crystallising 
the product from glacial acetic acid, the crystals being washed with 
alcohol and dried. The chlorine-content was determined by heating 
the compound with sodium carbonate in a combustion tube, dis- 
solving the product in dilute nitric acid, and precipitating silver 
chloride by addition of silver nitrate (Found : Cl, 16-7. C,H,,P,HgCl, 
requires Cl, 16-4%). Methyltri-n-propylphosphonium iodide (Found : 
I, 41-5. Cy HIP requires I, 42-0%), m. p. 212-5°, and éetra- 
n-propylphosphonium bromide (Found: Br, 280. C, ,H,,.BrP 
requires Br, 28-2%), decomposing at 200°, are best recrystallised 
from alcohol, and their halide content can be determined by solution 
in water and precipitation with silver nitrate. 

Phenyldi-n-propylphosphine is prepared by introducing an 
ethereal solution of 19 c.c. of phenyldichlorophosphine to magnesium 
n-propyl bromide obtained from 36 c.c. of n-propyl bromide and 10 g. 
of magnesium. Yield,17g. B. p. 159°/50mm.; d? 0-925 (Found : 
C, 73-9; H, 10-0; M, 193. C,,H,,P requires C, 74:2; H, 99%; 
M,194). The mercuric chloride compound, m. p. 192-5°, separates as 
needles from aleohol (Found: Cl, 15-3. C,,.H, >P,HgCl, requires 
Cl, 15-2%). Phenylmethyldi-n-propylphosphonium iodide melts at 
137° (Found: I, 37-6. C,3H IP requires I, 37-8%) and can be 
recrystallised from water. Phenyltri-n-propylphosphonium bromide 
has m. p. 131-5° (Found : Br, 24-9. C,;H,,BrP requires Br, 25-2%,). 

p-Tolyldi-n-propylphosphine is obtained by adding 20 c.c. of 
p-tolyldichlorophosphine to magnesium n-propyl bromide prepared 
in ethereal solution from 36 c.c. of n-propyl bromide. Yield, 14 g. 
B. p. 174°/50 mm.; d? 0-921 (Found: C, 74-7; H, 10-3; M, 203. 
C,,H,,P requires C, 75-0; H, 10-2%; M, 208). p-Tolyldi-n-propy/- 
phosphine mercurichloride melts at 129-5°, and is obtained as prisms 
from glacial acetie acid (Found: Cl, 14-9. C,,H,,P,HgCl, requires 
Cl, 148%). p-Tolylmethyldi-n-propylphosphonium iodide, m. Pp. 
81-5° (Found: I, 36-1. C,,H,,IP requires I, 36-2%), can be 
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recrystallised from alcohol. p-Tolyltri-n-propylphosphonium bromide, 
m. p. 125-5° (Found: Br, 24-0. C,,H,,BrP requires Br, 24-1%), is 
formed with difficulty, and is obtained by refluxing the components 
in ethereal solution ; well-developed, hygroscopic needles crystallise 
on cooling. 

Triisobutylphosphine (yield, 12 g.), obtained by the addition of 
14 c.c. of phosphorus trichloride to magnesium isobutyl bromide 
prepared from 94 c.c. of isobutyl bromide and 20 g. of magnesium, 
has b. p. 126°/50 mm. (Found : C, 69-7; H, 13-3; M, 191. C,,H,,P 
requires C, 71-2; H, 13-5%; M, 202). The phosphine combines with 
carbon disulphide, giving highly unstable red crystals. T'riisobutyl- 
phosphine mercurichloride, m. p. 191-5°, is obtained as plates from 
alcohol (Found: Cl, 14-8. C,.H,,P,HgCl, requires Cl, 15-0%). 
Methyltritsobutylphosphonium iodide has already been prepared by 
Hofmann (Ber., 1873, 6, 300), m. p. 287° (Found : I, 36-8. Calc. for 
C,g3HgpIP : I, 36-8%). It readily crystallises from water, being very 
soluble in hot water and only slightly in cold. 

Phenyldiisobutylphosphine is prepared by adding 11 c.c. of pheny]- 
dichlorophosphine to the Grignard reagent obtained from 47 c.c. of 
isobutyl bromide and 10 g. of magnesium. Yield, 10 g. B. p. 
168°/50 mm.; d? 0-910 (Found: C, 75-4; H, 10-6; WM, 218. 
C\yHogP requires C, 75-6; H, 10-4%; M, 222). The mercuric 
chloride compound, after several recrystallisations from alcohol, from 
which it forms as needles, melts to a cloudy liquid at 158-5° (Found : 
Cl, 14-3. C,,H,,P,HgCl, requires Cl, 14-4%). Phenylmethyldiiso- 
butylphosphonium iodide, m. p. 166-5°, crystallises as pearly leaflets 
from water (Found : I, 34-7. C,;H,,IP requires I, 34-8%). 

p-Tolyldiisobutylphosphine, obtained from 15 c.c. of p-tolyldi- 
chlorophosphine and the Grignard solution prepared from 47 c.c. of 
isobutyl bromide (yield, 6 g.), has b. p. 182-5—184-5°/50 mm. and 
d: 0-915 (Found: C, 75-0; H, 10-7; M, 233. C,;H,,P requires 
C, 76-1; H, 10-7%; M, 236.) p-Tolyldiisobutylphosphine mercuri- 
chloride is precipitated when alcoholic solutions of its generators are 
mixed, and on recrystallisation from alcohol forms cubic crystals in 
poor yield and impure. p-T'olylmethyldiisobutylphosphonium iodide 
separates as an oil which on long preservation crystallises (Found : 
I, 32-4. OC, ,H,,IP requires I, 33-6%). 

Tri-n-amylphosphine has b. p. 185-5°/50 mm. and dz? 0-820 
(Found: C, 73-0; H, 13-7; M, 236. C,;H,,P requires C, 73-7; 
H, 13-6%; M, 244), and is prepared by the interaction between 
10-5 c.c. of phosphorus trichloride and magnesium n-amyl bromide 
made from 78 c.c. of the bromide and 15g. ofmagnesium. Yield, 9g. 
Tri-n-amylphosphine carbon disulphide is prepared in quantitative 
yield on mixing the constituents in alcoholic solution; m. p. 55° 
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(Found : C, 60:1; H,10-4, C,,H,,8,P requires C, 59-9; H, 10-4%). 
The mercurichloride and the methiodide of the phosphine could not 
be obtained erystalline. 

The preparation of phenyldi-n-amylphosphine is effected by adding 
11-5 ¢.c. of phenyldichlorophosphine to the Grignard solution 
obtained from 42 c.c. of m-amyl bromide and 8 g. of magnesium 
(yield, 10 g.); b. p. 210°/50 mm., dz’ 0-902 (Found: C, 76-2; 
H, 10-9; M, 247. C,,H,,P requires C, 76-8; H, 10-9%; M, 250). 
This phosphine is only partially miscible with absolute ethyl] alcohol 
at 15°. It forms a compound with mercuric chloride, m. p. 108°, 
which crystallises well from alcohol (Found : Cl, 13-4. C,,H,,P,HgCl, 
requires Cl, 13-6%). Phenylmethyldi-n-amylphosphonium iodide 
forms leaflets from water, m. p. 90-5° (Found: I, 32:2. C,,H,IP 
requires I, 32-4%). 

p-Tolyldi-n-amylphosphine has b, p. 220°/50 mm. and dz’ 0-898 
(Found: C, 76-6; H, 11-4; M, 260. C,,H,P requires C, 77-2; 
H, 111%; M, 264). It is prepared by the addition of 11 c.c. of 
p-tolyldichlorophosphine to magnesium n-amyl bromide obtained 
from 51 c.c. of the bromide and 10 g. of magnesium. Yield, 11 g. 
This p-tolylphosphine is still less completely miscible with absolute 
ethyl alcohol than the corresponding phenylphosphine. The 
compound with mercuric chloride separates as an oil, which crystal- 
lises well from glacial acetic acid. It melts at 112° (Found: Cl, 
13-3. C,,H, P,HgCl, requires Cl, 13°2%). p-Z'olylmethyldi-n-amy]- 
phosphonium iodide separates as an oil which on long preservation 
erystallises (Found : I, 30-6. C,,H,IP requires I, 31-:2%). 

Tri(dl-8-methylbutyl)phosphine was obtained in pooryield by adding 
10-5 c.c. of phosphorus trichloride to the Grignard reagent prepared 
from 77 c.c. of dl-8-methylbutyl bromide and 15 g. of magnesium, 
and has b. p. 113—117°/10 mm. (Found: C, 69-8; H, 13°. 
C,;H,,P requires C, 73:7; H, 13-6%). 

Phenyldi(dl-8-methylbutyl)phosphine is prepared by adding 14 c.c. 
of phenyldichlorophosphine to magnesium d/-8-methylbutyl bromide 
from 51 c.c. of the bromide and 10 g. of magnesium. Yield, 8 g. 
B. p. 198°/50 mm.; d3" 0-906 (Found: C, 76-4; H, 11-0; M, 249. 
C,gH2;P requires ©, 76:8; H, 109%; M, 250). On mixing the 
components in alcoholic solution the mercuric chloride compound is 
formed; it is isolated by separating the alcoholic layer from the oil 
and allowing the alcoholic solution to evaporate ; m. p. 120° (Found: 
Cl, 13:3. ©,,H,,P,HgCl, requires Cl, 13:6%). Phenylmethylii- 
(dl-8-methylbutyl)phosphonium iodide, m. p. 150°, crystallises a 
glistening plates from water (Found: I, 32:2. C,,HgoIP requires 
I, 32-4%). 

The preparation of p-tolyldi(dl-g-methylbutyl)phosphine is carried 
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out by adding 11 c.c. of p-tolyldichlorophosphine to the Grignard 
reagent made from 51 c.c. of the bromide (yield, 7 g.); b. p. 210— 
211°/50 mm., d?" 0-902 (Found: C, 77-1; H, 11-5; M, 266. 
C,;HogP requires C, 77-2; H,11-1%; M,264). The mercurichloride, 
m. p. 99°, was prepared in a similar manner to the corresponding 
phenyl compound (Found: Cl, 13-2. C,,H, P,HgCl, requires Cl, 
13-2%). p-Tolylmethyldi(dl-8-methylbutyl) phosphonium todide 
(Found: I, 31-4. C,,H,,IP requires I, 31-2%), m. p. 131°, crystal- 
lises from water in rods. 

Triisoamylphosphine [tri(y-methylbutyl)phosphine] has b. p. 131°/ 
11 mm. (Found: C, 73-2; H, 13-6; M, 237. C,,H,,P requires 
C, 73-7; H, 13-6%; M, 244). It was prepared from 10-5 c.c. of 
phosphorus trichloride, 78 c.c. of isoamyl bromide, and 15 g. of 
magnesium. The final ethereal solution of the phosphine was dried, 
and the ether distilled off in an atmosphere of carbon dioxide as 
already deseribed (Davies and Jones, loc. cit.), but, in order to 
prevent oxidation of the phosphine, the residue was fractionally 
distilled in a vacuum, and all subsequent manipulations with the 
phosphine were carried out in an enclosure filled with carbon dioxide, 
without bringing it into contact with the air. Yield, 9 g. The 
carbon disulphide compound, m. p. 79-5° (Found : C, 60-1; H, 10-4. 
C,,HggS,P requires C, 59-9; H, 10-4%), is obtainable in good yield 
as red needles. When ethereal solutions of its generators are 
mixed, methyliriisoamylphosphonium iodide (Found: I, 33-2. 
C,,H3,1P requires I, 32-9%) is precipitated as an oil which solidifies 
on keeping. 

Phenyldvisoamylphosphine, b. p. 198-5°/50 mm., dz 0-900, is 
obtained from 14 c.c. of phenyldichlorophosphine, 52 c.c. of isoamyl 
bromide, and 10 g. of magnesium (yield, 12 g.) (Found: C, 76-9; 
H, 11-2; M,248. C,,H,,P requires C, 76-8; H, 10-9%; M, 250). 
The mercuric chloride compound forms needles and melts at 152° to a 
cloudy liquid (Found: Cl, 13-3. C,,H,,P,HgCl, requires Cl, 
136%). Phenylmethyldiisoamylphosphonium iodide, m. p. 181-5°, 
forms soft, pearly flakes from water (Found: I, 32-5. C,,Hg IP 
requires I, 32-4%). 

The preparation of p-tolyldiisoamylphosphine is effected by adding 
11 c.c. of p-tolyldichlorophosphine to the Grignard reagent obtained 
from 52 ¢.c. of isoamyl bromide and 10.g..of magnesium. It has b. p. 
210°/50 mm. and dz" 0-894 (Found: C, 77-1; H, 11-2; M, 258. 
C;;HagP requires C, 77-2; H, 11-1%; M, 264). This phosphine is 
only partially miscible with ethyl alcohol at 15°. p-Tolyldiisoamyl- 
phosphine mercurichloride forms as an oil which can be crystallised 
from glacial acetic acid. The prisms melt at 107° (Found : Cl, 13-3. 
C,;HoP,HgCl, requires Cl, 13-2%). p-Tolylmethyldiisoamylphos- 
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phonium iodide, m. p. 150° (Found: I, 31-1. C,,H, IP requires I, 
31-2%), readily crystallises from water as hard prisms. 

Phenyldi(8-methylamyl)phosphine (phenyldiisohexylphosphine) _ is 
obtained when a solution of 13 c.c. of phenyldichlorophosphine in 
100 c.c. of ether is introduced into the Grignard reagent prepared 
from 60 c.c. of ’-methylamyl bromide, 10 g. of magnesium and 350 c.c. 
ofether. Yield, 7 g.; b. p. 219°/50 mm. (Found : C, 77-2; H, 11-4. 
C,,H,,P requires C, 77-6; H, 11-2%). The 8-methylamy]l alcohol 
used for the preparation of this phosphine was obtained from 
y-methylbutyl chloride (isoamyl chloride) by the method of Grignard 
and Tissier (Compt. rend., 1902, 134, 107). Both phenylmethyldi- 
(8-methylamyl)phosphonium iodide, m. p. 146° (Found: I, 30-1. 
C,5H,,IP requires I, 30-2%), and phenylethyldi(8-methylamy)- 
phosphonium iodide, m. p. 115-5° (Found: I, 29-0. CO, H,,IP 
requires I, 29-2%,), crystallise as glistening flakes from water. 

p-Tolyldi(3-methylamyl)phosphine, b. p. 234—235°/50 mm., d? 
0-888 (Found: C, 77-6; H, 11-5; M, 284. C, H33P requires (, 
78-0; H, 11-4%; M, 292), was prepared by adding a solution of 
14 c.c. of p-tolyldichlorophosphine in 100 c.c. of ether to the Grignard 
reagent made as described in the case of the previous phosphine. 
The mercurichloride, m. p. 110-5° (Found : Cl, 12-5. C,gH,,P,HgCl, 
requires Cl, 12-6%), forms prisms from glacial acetic acid. The 
methiodide (Found : I, 29-1. C,4H,,IP requires I, 29-2%) is difficult 
to recrystallise. - 

All the preceding preparations of phosphines have involved the use 
of the Grignard reagents of bromides derived from primary alcohol. 
In all cases, however, where organometallic compounds of the 
secondary bromides, isopropyl] and sec.-butyl bromide, were employed, 
no yield of tertiary phosphine could be obtained, either when 
ammonium chloride solution was used as described by Davies and 
Jones (loc. cit.), or when the product was subjected to complete 
distillation as in the procedure adopted by Hibbert (Ber., 1906, 39, 
161) and by Griittner and Wiernik (Ber., 1915, 48, 1477). This 
failure cannot be attributed to insufficient yield of organomagnesium 
bromide by these alkyl bromides, and it was equally experienced with 
phosphorus trichloride, phenyldichlorophosphine and p-tolyldichloro- 
phosphine. In all these cases the products obtained were evil- 
smelling mixtures from which no definite substance was isolated. 


Tue Tatem LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, April 25th, 1929.) 








KON AND LINSTEAD : CATALYTIC INFLUENCES, ETC. PART I. 1269 


CLXV.—Catalytic Influences in Three-Carbon 
Tautomerism. Part I. Sodiwm Alkyloxides. 


By Grorcze ARMAND Ropert Kon and ReGinatp Patrick 
LINSTEAD. 


THE ionic mechanism of tautomeric change originally suggested by 
Wislicenus and Brihl and developed by Lapworth (J., 1901, 79, 
1265; 1902, 81, 1508, et cet.) is understood to mean the separation 
of the “‘ mobile ” hydrogen in the form of a proton, leaving an anion 
in which the negative charge can be redistributed. The anion, on 
recombining with a proton, will then give rise either to the original 
compound or to an isomeride according to the changes which have 
taken place. 

The further suggestion has been made by Ingold, Shoppee, and 
Thorpe (J., 1926, 1477) and developed by Ingold (Ann. Reporis, 
1927, 106 et seg.), that the separation of the proton is facilitated by 
potential intramolecular shifting of covalency electrons (“ incipient 
ionisation ””) capable of directing complete changes under suitable 
conditions (compare Allan, Oxford, Robinson, and Smith, J., 1926, 
401) and that the redistribution of the negative charge in the anion 
is conditioned by similar factors. 

On the ionic view, the formation of the active form in a three- 
carbon * prototropic change—namely the anion—will be influenced, 
apart from structural factors, by the nature of the catalytic medium. 
The more affinity the medium has for the proton, the more ready 
will be the tautomeric interconversion. Experimental evidence on 
this point should be readily obtainable by examining the effect of 
different catalysts on a given system. 

As a preliminary step it was necessary to standardise the con- 
ditions under which comparisons of mobility are made; and it was 
hoped at the same time to elaborate standard conditions for the 
comparison of the mobilities of different classes of tautomeric 
compounds. It had already been shown by one of us (Linstead, 
J., 1927, 2579) that comparisons of mobility could readily be made 
in a series of unsaturated acids, and it remained to elaborate a 
suitable method for neutral substances. Those selected as test 
substances for the purpose were the ketones (I and II, X = COMe) 


HCH, CH,CH~ ,, 
©) CHy<oytcH>CCHX §— CHy<oy! oyf>C-CH.X. (11) 


* We prefer a nomenclature based on resultant, as is customary in the 
classification of tautomerism, to one based on mechanism, e.g., “‘ pentad keto- 
enol,” as suggested by Shoppee (J., 1928, 2568; compare Ingold and Roth- 
stein, this vol., p. 9). 

xx 
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and esters (I and II, X = CO,Et), the former exhibiting a high, 
and the latter a low degree of mobility. The conditions finally 
chosen as standard were: one equivalent of N-sodium ethoxide at 
25°, the reagent being prepared from carefully dried alcohol. The 
mobility, as in the work on acids, can then be expressed in terms of 
the velocity coefficient (in minutes), (k, + k,) x 104, on the 
assumption of a unimolecular reversible reaction; or the half. 
change period, ¢; = 1/(k, + k,) . log.2, can be used. 

Effect of Sodiwm Ethoxide on the Ketones.—This reaction has already 
been studied by Dickins, Hugh, and Kon (J., 1928, 1630), using less 
than one equivalent of catalyst. It is now found that under the 
standard conditions both ketones pass rapidly into the equilibrium 
mixture, which contains 30% of the «$-form (I). (In these and 
subsequent figures we are deliberately neglecting the small amounts 
of saturated impurity, not separable by fractionation, which are 
present.) The rate of equilibration and the point of equilibrium 
are the same when commercial ‘“ absolute ” alcohol is used in place 
of the specially dried solvent, but large amounts of water diminish 
the rate of equilibration. It is, however, apparent that, whereas 
the By-ketone reaches equilibrium in about 60 minutes, the «8-ketone 
takes very much longer. A similar difference is seen in the curves 
accompanying the previous paper (Joc. cit.) and also in the figures 
for the homomesitones (Abbott, Kon, and Satchell, J., 1928, 2514) 
and can be illustrated by evaluating the equation for a uni- 
molecular reversible change, k, + k, = 1/t.log,&/(€ — x). The 
change from the By-side gives an approximate value for (k, + k,) x 
104 = 700 with a half-change period of 9-9 minutes. From this 
the amount of change in time ¢ can be calculated by substituting it 
in the original equation for the change both from the «$- and from 
the By-side. The figures so obtained are compared with those 
found experimentally in Fig. 1. The difference in the rates of 
equilibration of the two ketones is even more marked when sodium 
methoxide is employed; in fact an equilibrium mixture is not pro- 
duced from the «8-ketone even at the end of 48 hours. The reason 
for this must be sought in the slow addition of the elements of ethy! 
(or methyl) alcohol to the «f-ketone with the production of 
an ethoxy(or methoxy)-derivative, doubtless of the structure 
C;H4)>C(OR)-CH,"COMe; we have actually isolated such deriv- 
atives in both cases. Their formation is slow in comparison with 
the rate of tautomeric change and can practically be disregarded 
when one is dealing with the equilibration of the By-ketone, as shown 
by the agreement of the experimental and the calculated curve; 
the addition product is, however, formed in small amount when the 
reaction mixture is kept for, say, 20 hours. There is probably 4 





IN THREE-CARBON TAUTOMERISM. PART I. 1271 


definite equilibrium, «8-ketone + EtOH == ethoxy-ketone, which 
accounts for the small amount of the latter formed. 

It is clear from the foregoing that in determinations of the 
mobility of a system small errors are always to be expected, which 
will be minimised by measuring the rate of equilibration of the 
3y-isomeride. 

Effect of Other Alkyloxides—Sodium methoxide, propoxide and 
isopropoxide all produce the same equilibrium mixture, containing 
30% of «B- and 70% of By-ketone, but the rates of equilibration are 
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very different. The order of efficiency of these catalysts is iso- 
propoxide> propoxide>ethoxide>methoxide. The activity of the 
isopropoxide could not be compared directly with that of the others, 
because the strongest solution obtainable was 0-183 N; but even 
this is much more effective than N-ethoxide and about equal to 
\-propoxide; a comparison with 0-183 N-ethoxide and -propoxide 
also confirms the order of activity given and is apparent from the 
approximate times required for half-change (calculated for the 
«8-ketone) : 
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Alcohol. Concentration : N/1. N x 0-183. 


60 mins, 
40 ” 
9 >? 


In all these experiments the amounts of ketone and sodium remain 
constant and the differences are therefore due to the alcohols.* 

Such a result can readily be interpreted in the light of the ionic 
mechanism of tautomeric change and is regarded as significant 
evidence in support of the views discussed at the beginning of this 
paper. 

The rate of change may be considered as dependent on the con- 
centration of the electromeric anion and hence on the ease of 
removal of the proton, either in solvated form or, as is more probable 
in the present case, in combination with the negative alkoxy] ion: 


Sc=0—0-H + OR}e —= >c=0-0}Na + HO-R 


(The ketone is here shown in its enolic form for the sake of sim- 
plicity ; it is not intended to imply the extent of enolisation.) The 
extent to which the alkyloxy-ion OR will be able to bring about 
this change will be determined by the toleration of its oxygen atom 
for the negative charge; the more stable the ion, #.e., the greater 
the acidity of the alcohol, the less will be its tendency to remove a 
proton. The difference is well illustrated by comparing methyl 
alcohol with isopropyl alcohol : 


H>C—O—H Me>C->O—H 

H Me7 
In the latter the oxygen has a greater control of the C—O covalency 
electrons owing to the inductive effect of the two methyl groups and 
therefore its toleration for the negative charge is lowered (compare 
Allan and Robinson, J., 1926, 376; Robinson and Smith, ibid, 
p- 392). The order of the activities of the alkoxyl ion already given 
is readily deduced from these considerations. The efficiency of the 
alcohols is the reverse of that expected from their dissociating powers 
as measured by their dielectric constants. 

This explanation is also in good agreement with the observation 
that cyclohexenylacetone cannot be methylated in presence of 
methyl alcohol, although it is readily ethylated in presence of ethy! 
alcohol (Kon, J., 1926, 1792). In the same way, sodium hydroxide 

* Since the above was written, Ingold and Shoppee have described 4 


similar difference in the catalytic activities of sodium methoxide and ethoxide 
(this vol., p. 447, footnote). 
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should be less effective than sodium methoxide in causing tauto- 
meric interchange, but difficulties arise owing to the fact that the 
ketone is practically insoluble in water, and, if enough alcohol is 
added, some of the alkoxyl ion may be formed. The only experi- 
ment performed shows that sodium hydroxide in 75% ethyl alcohol 
is much less effective than sodium ethoxide in its action on the 
«$-ketone; a comparison with sodium methoxide is difficult owing 
to the addition which occurs with the latter. 

Effect of Sodium Ethoxide on the Esters—The conversion of the 
«g-ester (I, X = CO,Et) into a mixture of the two in presence of 
potassium hydrogen sulphate was shown by Birch, Kon, and Norris 
(J., 1923, 123, 1361), and an interconversion in presence of sodium 
ethoxide at 60° was demonstrated by Linstead and May (J., 1927, 
2565), but the point of equilibrium was not known with certainty. 

It did not appear practicable to study the effect of sodium 
alkyloxides other than the ethoxide on the esters owing to the 
probability of replacement of the ester group. 

The action of sodium ethoxide produces a slow equilibration and 
the rate of change is greatly affected by conditions. For instance, 
when the pure «f-ester is treated with sodium ethoxide prepared 
from commercial absolute alcohol, a gradual change continues for 
some 250 hours; the mixture then contains 57% of the Py-ester. 
At the same time there is considerable hydrolysis with the production 
of the corresponding acids (I and II, X = CO,H), and 10% of a 
higher-boiling neutral fraction is also produced. This contains about 
half its weight of the @-ethoxy-ester, C;H,,)>C(OEt)-CH,°CO,Et, 
formed in the same way as the corresponding ketone. 

Under similar conditions the By-ester gives an equilibrium mixture 
containing 62% of the By-ester; the amount of addition product is 
very small and considerable hydrolysis again occurs. 

The equilibration of the «$-ester with sodium ethoxide prepared 
from specially dried alcohol gives the same final position of equi- 
librium (57% By-), but this value is attained in 63 hours. The same 
small amount of addition product is found, but the extent of 
hydrolysis is greatly reduced, being only 9% in 6 days and 16% in 
12days. Conversely, the addition of 0-5% of water to the ordinary 
absolute alcohol greatly increases hydrolysis and retards tautomeric 
change. These results are illustrated in Fig. 2. 

In the light of the experiments on ketones, the retarding effect of 
water in the present instance is not attributed to a specific anti- 
catalytic action but merely to greatly increased hydrolysis which 
removes both the ester and the catalyst and thus rapidly decreases 
the concentration of the reactants; it is significant that the presence 
of water does not affect the final equilibrium point. 
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The (#y-ester appears to be hydrolysed more rapidly than the 
af, and there is always more #y-acid in the mixed acids than By-ester 
in the neutral portion in the same experiments. This does not, 
however, affect the equilibrium (compare above) and we can there. 
fore suppose that tautomeric change is more rapid than hydrolysis 
or, alternatively, the rates of hydrolysis of the two esters are of the 
same order as the proportion of the esters in the equilibrium mixture 
(4 : 6). 


Fia. 2. 


100 200 300 400 
Time (hours). 


© By-Ester + absolute alcohol. + aB-Ester + anhydrous alcohol. 
x af-Ester + absolute alcohol. * aB-Ester + 99-5% alcohol. 


The ethoxy-ester is formed rapidly although in small amount, 
and this does not increase appreciably on standing; apparently an 
equilibrium is rapidly set up between the ethoxy- and the «{-ester 
and is not disturbed. 

The ethoxy-ester has been isolated in a pure state by repeated 
fractionation and hydrolysed to the corresponding solid acid; we 
have not yet demonstrated the position of the ethoxy-group with 
certainty, although it is presumably on the 8-carbon. The ethoxy- 
ester boils some 15° higher than the «$-ester and shows a definite 
though small reaction with iodine chloride; its presence in some- 
what greater amount in the equilibrium mixture obtained from the 
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a3-side is understandable and probably accounts for the slightly 
divergent equilibrium values found from the two sides. 

The true equilibrium is considered to be that found from the 
by-side, namely 62% of By-ester. The mobility is (k, + k,) x 104= 
8-1 (in minutes), with a half-change period of 14-1 hours. 

The correctness of the figures obtained for the equilibrium from 
the «B-side was confirmed by the hydrolysis of an ester with an 
iodine addition corresponding to an «$-content of 43-5%, under 
conditions precluding isomeric change. The acid obtained had an 
iodine addition corresponding to an «f-content of 42%. The 
reversibility of the change was also confirmed satisfactorily by the 
isolation of pure By-acid from an equilibrated «f-ester and of pure 
a3-acid from an equilibrated By-ester (p. 1280). 


EXPERIMENTAL. 


A. Ketones. 

cycloHexylideneacetone (I, X — COMe) was prepared as described 
by Dickins, Hugh, and Kon (loc. cit.) and purified by fractionation. 
The specimen used had b. p. 83—84°/12 mm., dii* 0-95188, ni 
1-49224, whence [R,;]p = 42-11. cycloHexenylacetone (II, X = 
COMe) was regenerated from the semicarbazone and treated with 
aluminium amalgam (compare Abbott, Kon, and Satchell, loc. cit.), 
the product having a somewhat higher iodine addition than the best 
previously obtained; it had b. p. 77°/11 mm., d?” 0-93760, n3” 
1-47389, whence [R,]p = 41-39. The alcohols used were dehydrated 
by digesting them twice with calcium (Winkler, Ber., 1905, 38, 3612). 

Procedure.—A weighed quantity of the ketone, and the requisite 
amount of a titrated solution of sodium in the appropriate alcohol 
(slightly stronger than normal), together with the additional 
quantity of the alcohol required to bring the concentration to 
normal, were separately brought to 25° (thermostat), and then 
thoroughly mixed. At intervals, test portions, containing 1-5—2 g. 
of the ketone, were run into 200 c.c. of water containing enough 
acetic acid to neutralise the alkali formed, and the ketone was twice 
extracted with ether. The extract (about 150 c.c.) was shaken four 
times with an equal volume of water and dried over calcium chloride 
and the ether was removed through a column; the residue was 
distilled under reduced pressure, a fraction covering the b. p.’s of 
both ketones being collected. The yields were good (over 80%). 
The fractions were analysed iodometrically by the method of Lin- 
stead and May (loc. cit.). A new.reference curve was constructed 
from the following values : 


% aB-Ketone 90 75 50 25 10 0 
% Iodine addition ... 16-9 266 41:0 620 776 834 85:8 
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Accuracy of the Method.—In some experiments the test portions 
were halved and the ketone in each half was isolated and analysed 
separately as a check on the accuracy of the method (Expts. 16 and 
17, Table I), The values did not diverge by more than 0-5% in the 
iodine addition. The agreement between corresponding values 
obtained in different experiments is of the order of + 1% (compare 
Table I). 

Table I gives the results obtained. There is no difference, within 
the limits of experimental error, between the effect of sodium ethoxide 
prepared from dry (Expts. 1—3) and commercial “ absolute” 
alcohol (Expts. 4 and 5). 

The strongest solution of sodium in isopropyl alcohol which did 
not deposit solid sodium isopropoxide was about N/5; in order to 
ensure a comparison with sodium ethoxide and propoxide, a series 
of experiments (8—10) was carried out with 0-183 N-solutions of 
sodium in the appropriate alcohol. These experiments suffice to 
show the order of the reaction and incidentally illustrate the effect 
of dilution. 

The point of equilibrium was determined for each alcohol 
separately and the agreement is satisfactory, the value being 30% 
of «8-ketone. The equilibrium mixture derived from the «$-ketone 
was also analysed (Found: C, 77-6; H, 10-1. Calc. for C,H,,0: 
C, 78:2; H, 10-2%). 

The high fraction obtained from the sodium ethoxide experi- 
ments was redistilled; a definite fraction, b. p. 99—101°/9 mm., 
was obtained which appeared to consist of 30% of unsaturated 
ketone and 70% of ethoxy-ketone (Found: C, 73:3; H, 10-5. 
C,;H_,0, requires C, 71-7; H, 10-9%). When treated with semi- 
carbazide, it gave the semicarbazone of 1-ethoxycyclohexylacetone, 
which formed fine plates, m. p. 174°, from methyl alcohol (Found : 
C, 59-5; H, 9-4. C,,.H,,0,N, requires C, 59-7; H, 9-6%). 

A similar high fraction was obtained in the sodium methoxide 
experiments; the semicarbazone of the methoxy-ketone isolated 
from it formed plates, m. p. 181—182° (Found: C, 57-9; H, 9-3. 
C,,H,,0,N, requires C, 58-1; H, 9-3%). 


B. Esters. 

Materials.—Ethyl cyclohexylideneacetate (I, X = CO,Et) was 
prepared from the corresponding acid either through the acid 
chloride—the product then contained sub-analytical traces of 
chlorine—or by boiling with 4% alcoholic hydrogen chloride for 
2+ hours. Ethyl A?-cyclohexenylacetate (II, X = CO,Et) was 
prepared from the corresponding acid through the acid chloride 
or by keeping it at room temperature with twice its volume of 
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N-alcoholic hydrogen chloride and six times its volume of absolute 
alcohol for 4 hours. The properties of these esters were as follows : 


- es % Iodine 

Ester. Preparation. Ny: Do B. p. addition. 
aB(1) Alcoholic HCl 1-47986/17-9° 0-9829/17-9° 112—114°/16mm. 7:4 
aB(2) Acid chloride 1-47986/18-0 0-9877/18 | 114-5—115-5/14 9 
aB(3) Acid chloride 1-47889/18-0 0-9857/18 108/13 3 
8 
3 


6- 
7 
By(1) Acid chloride 1-4621/24-3 nt 113—114/26 75: 
By (2) Alcoholic HCl 1-4639/18-0 0-9785/18 98/13 76- 


The iodine additions given in this section refer to the % addition 
in 60 minutes under the conditions of Linstead and May (loc. cit., 
p. 2578). 

In the present work the three preparations of the «8-ester were 
mixed, also the two of the By-ester (Found : for the «@-ester, C, 71-1; 
H, 9-3; for the By-ester, C, 70-9; H, 9-4. Cale.: C,71-4; H, 9-6%). 
Mixtures of the «8(1)- and the #(2)-ester gave the following iodine 
additions, which were used in plotting the reference curve : 


60 50 40 33-3 20 14-3 
% Addition 29-4 41-8 49-6 56-8 61-0 68-8 71-7 


Action of Sodium Ethoxide on the Esters —A weighed quantity of 
the ester was treated with an equivalent amount of sodium ethoxide 
(in the form of a solution slightly stronger than normal) as described 
for the ketones. In general, about 10 g. of ester were used in each 
experiment. The reaction was allowed to proceed at 25° in a 
thermostat. After a suitable interval of time a portion of the 
solution (v c.c.), with an ester content of 3—6 g., was withdrawn, 
immediately treated with N/2-sulphuric acid (3v c.c.), and then 
extracted with ether (6v c.c.) in three portions. The united extracts 
were freed from ether and the residue was heated on the steam-bath 
for 4 hour to remove the bulk of the alcohol. The residual oil was 
shaken with 100 c.c. of 10% sodium carbonate solution until effer- 
vescence ceased ; the neutral portion was then extracted with ether 
(6v c.c.), the extract dried and freed from solvent, and the residue 
fractionally distilled under reduced pressure, the apparatus used 
being the same throughout the work. None of the material boiled 
below the boiling range of the unsaturated esters. The liquid boiling 
above 115°/14 mm. was collected separately and is referred to in 
Table II as “ ethoxy-ester fraction,” although it contained a con- 
siderable amount of unsaturated esters. The sodium carbonate 
extract of the neutral substance was extracted once more with ether 
to remove traces of ester, acidified, and thoroughly extracted with 
ether. The dried solution was freed from solvent on the steam-bath 
and finally in a vacuum desiccator. 
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Examination of the Products.—The neutral distillates—main and 
high fractions—were weighed and the physical properties and iodine 
addition of the main fraction were taken. In several cases the 
neutral product was distilled in two portions, the results obtained 
agreeing closely. The acid product was weighed and, where the 
amount was sufficient, the iodine value was determined by Linstead 
and May’s interpolation method (Joc. cit., p. 2568). In these deter- 
minations the alkaline solutions were acidified before titration (loc. 
cit., footnote, p. 2574) and it was therefore necessary to construct a 
new reference curve, mixtures of the two pure acids (I and II, 
X = CO,H) being used. The figures obtained under the new 
conditions for a 10-minute reaction were : 


% ap-Acid ... 100 80 50 33-3 25 10 —-O (By-acid) 
% Addition... 10 180 35 453 482 540 55-6 


The results are summarised in Table II and the main inferences 
from them have already been made. 

Purity of the Unsaturated Ester Fraction.—The refractive index 
of the ester drops progressively on equilibration (column 10) and 
the mean value for the equilibrated product (1-4643/17°) is almost 
identical with that of the @y-form. This is an indication of the 


presence of the less refractive ethoxy-ester which is confirmed by 
analysis [Found : (Expt. 12)-C, 70-0, 70-1; H, 9-7, 9-8%]. The 
figures in the last’column are obtained from the iodine addition of 
the corresponding unsaturated ester fraction by means of the 
reference figures given on p. 1278. It is obvious that if this fraction 
contains saturated impurity the observed iodine addition will give { 
an almost correct value for the By-content, but will be unable to 
distinguish between the two non-reactive substances present. 
Hence the values in the last column in Table II represent the 
percentage of @y-ester in the total product and the true percentage— 
in equilibrium with «$-ester—will be greater than this. On the 
other hand, a small amount of unsaturated ester is undoubtedly 
present in the ethoxy-ester fraction, and of the two unsaturated 
esters there will be a larger proportion of the higher-boiling «-ester 
in this fraction than in the main fraction in the corresponding 
experiment. Hence, on this basis, the observed «$-content in the 
unsaturated ester fraction will be too low. As the former source 
of error probably exceeds the latter, the: recorded percentage of 
aB-ester in the equilibrium mixture represents a maximum. 
Hydrolysis of the Equili®rated Esters—In order to confirm the 
essential change «$-ester == By-ester, the equilibrated «f-ester was 
hydrolysed to the fPy-acid, and the equilibrated By-ester to the 
aB-acid, (1) The «$-ester (6-67 g.) was equilibrated for 381 hour 
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in the usual way. The neutral product was fractionated twice 
and a fraction of b. p. 102—105°/16 mm. finally collected. This 
was hydrolysed with 50% excess of 10% sodium hydroxide solution 
in the cold for 24 hours, alcohol being added until the mixture was 
homogeneous (compare Linstead, J., 1927, 2579). The acid fraction 
was isolated in the usual way and solidified almost completely in a 
vacuum desiccator. The acid melted at 35—37° alone and at 
37—38° when mixed with pure A1-cyclohexenylacetic acid. (2) A 
sample of equilibrated fy-ester (Expt. 20, Table II) was refrac- 
tionated, and the fraction boiling at 112—114°/15 mm. hydrolysed 
by the method given above. When the alkaline liquid was acidified, 
cyclohexylideneacetic acid crystallised in long needles, which, alone 
or when mixed with an authentic sample, melted at 90—91°. 

To confirm the composition of the equilibrium mixture of esters, 
a sample (3-8 g.) obtained from the a$-ester (Expt. 14, Table II) 
was hydrolysed with 120 c.c. of 10% sodium hydroxide solution in 
the manner already described, 3-0 g. of a liquid mixture of acids 
being obtained. This had an iodine addition of 41-2%, corre- 
sponding to an af-content of 42%, which agrees well with that 
(43-59% of «8) obtained by analysis of the original ester. The 
nature of the acids was confirmed by treating the mixture with a 
concentrated solution of iodine under Bougault’s conditions (Ann. 
Chim. Phys., 1908, 14, 145): 0-80 g. of the mixture then gave 
0-16 g. of the af-acid (20%) (m. p. and mixed m. p. 90—91°) and 
0:85 g. (60%) of the y-lactone of 1-iodo-2-hydroxyeyclohexy]l- 
l-acetic acid (m. p. 56°, alone or when mixed with a specimen pre- 
pared from authentic By-acid). These substances were isolated by 
the method previously used (Linstead and May, loc. cit.). 

The Acid Products.—In the earlier experiments (1, 2, 5, 7, and 8) 
the acid products obtained by the hydrolysis of the esters during 
equilibration were not collected separately (this accounts for the 
gaps in Table II) but were accumulated in bulk. The mixture so 
obtained, which was completely soluble in sodium bicarbonate 
solution, did not solidify in a vacuum desiccator and when frac- 
tionated (5 g.) under reduced pressure boiled entirely within the 
range of the two unsaturated acids. Two fractions were obtained : 
(1) 145°/22 mm.—150°/I17 mm. (2:5 g.) and (2) 150°/17 mm.— 
158°/21 mm. (1-6 g.). Fraction (1) in ice gave plates of the By-acid, 
m. p. 37°; fraction (2) on long standing gave the «f-acid as a 
crystalline powder, m. p. 86—88°, and on subsequent cooling in ice 
gave the By-acid. 

In subsequent experiments in which the acid fractions were 
isolated separately the product often wholly or partly solidified 
after complete removal of the solvent (Expts. 6, 14, 17, 18, and 20). 
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In every case the solid was the By-acid (m. p. 37°). These results 
support those obtained from analysis by the iodine method. 

The Ethoxy-ester Fraction.—This was accumulated, and the whole 
distilled from a Claisen flask with a fractionating column in the side 
arm. The fraction boiling above 121°/15 mm. (2-1 g.) was collected 
separately and redistilled; 1-7 g. were then obtained, boiling 
steadily at 128°/15 mm. This was pure ethyl 1-ethoxycycloherxyl- 
acetate (Found: C, 67-2; H, 10-2. C,,H,.0, requires C, 67-2; 
H, 10-4%). The ester is a colourless liquid noticeably less mobile 
and less odorous than the unsaturated esters. It has b. p. 122°; 
11 mm., ni 1-45753, di7** 0-9865. Under standard conditions it 
has a slight reaction with iodine chloride (13-4%). 

Hydrolysis of the ester with potassium hydroxide gave a good 
yield of the corresponding acid, m. p. 43°; recrystallised from 
ether, this formed flattened needles, m. p. 50—51°. It was immedi- 
ately soluble in aqueous sodium bicarbonate, and the solution did 
not reduce permanganate. The silver salt was appreciably soluble 
in hot water, from which it crystallised in fine needles, m. p. 216° 
(decomp.) (Found: Ag, 37-0. C,9H,,O,Ag requires Ag, 36-8%). 

In an attempt to confirm the 6-position of the ethoxyl group 
(assumed above) the ester was heated in a sealed tube with a solution 
of hydrogen bromide in acetic acid for 2 hours. The product was 
evaporated on the steam-bath and left in a vacuum desiccator over 
potassium hydroxide. A white crystalline solid remained, m. p. 60°. 
Owing to the extremely small amount available it was not possible 
to recrystallise this and confirm its identity with 1-bromo-1-cyclo- 
hexylacetic acid (m. p. 90°). The fact that a solid acid and nota 
liquid lactone was obtained, however, indicates that the ethoxy! 
group in the original ester is in the @-position to the carbethoxy! 


group. 
Much of the expense of this work was met by a grant from the 


Government Grant Committee of the Royal Society, to whom our 
thanks are due. 
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Lonpon, 8.W. 7. [Received, April 17th, 1929.] 





CLXVI.-—-The Walden Inversion. Part II. 


By Hans Nicotat KELLERMANN RORDAM. 


In a former paper (J., 1928, 2447) the author set forth a new hypo- 
thesis of the reaction mechanism of the Walden inversion, the 
fundamental assumption being that the optically active molecule. 
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after splitting off one of the radicals linked to the asymmetric carbon 
atom, oscillates between two configurations, each of which, by the 
addition of a new radical, will produce only one of the two possible 
optical antipodes. A rigid mathematical treatment of this hypo- 
thesis would undoubtedly be very complicated, but by making 
certain simplifying assumptions, it was shown to lead to the equation 


To} Sarees 


In this formula, » denotes that fraction of the reaction product 
which retains its original configuration, c, the mean of the concen- 
trations of the entering radical at the beginning and at the end of 
the reaction, F the kinetic activity factor of Brénsted (Z. physikal. 
Chem., 1922, 102, 169), and & a constant. 

It is obvious that the above equation entails an unlimited 
increase of m by increasing c,, whereas actually, of course, n can only 
vary from zero to unity; but this only means that, as a first 
approximation, a straight line has been substituted for the unknown 
theoretically correct curve. The application of equation (1) to 
some of the most accurate experiments upon the Walden inversion 
hitherto reported showed, in general, very good agreement between 
theory and experiment. 

A number of Walden inversions now described were carried out 
under experimental conditions such as to conform as closely as 
possible to the requirements of the theory, and it will be seen that 
up to c, = 0-4M the experimentally found values agree with great 
accuracy with the linear variation of n demanded by the simplified 
equation, whilst for greater variation in c, the anticipated bending 
of the curve is realised. The immediate aim of this research is to 
accumulate sufficiently accurate data upon the Walden inversion ; 
the deduction of a complete theory will be relegated to a later paper. 

From the point of view of the new hypothesis we must postulate 
the existence of two distinct types of these inversions, depending 
upon the character of the non-asymmetric component in the reaction. 

Type 1. Reactions where the splitting of the optically active 
molecule either occurs spontaneously or is caused by some molecule 
which is neither identical with nor contains the entering radical. 
In this type, both d- and /-forms are produced in amounts which 
depend upon the concentrations, and theoretical calculation of the 
stereochemical inhomogeneity of the reaction product based upon 
the views of the new hypothesis can therefore be applied. Besides 
the reaction between bromosuccinic acid and xanthogenates, to 
which the theory was applied in Part I (loc. cit.), we must include 
in this type all reactions where halogen linked to an asymmetric 
carbon atom is replaced by hydroxyl or by other radicals present 
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in the solution in the state of ions, as well as reactions where a 
hydroxyl group linked to an asymmetric carbon atom is replaced by 
the influence of halogen. ions. 

Type 2. This type comprises reactions where the splitting of the 
optically active molecule is brought about by a molecule containing 
the radical which displaces the ejected radical. This we must 
assume to be the case when the replacement of a hydroxyl group 
linked to an asymmetric carbon atom is caused by reagents such as 
phosphorus pentachloride, thionyl chloride, nitrosyl bromide, etc. 
In these cases it seems natural to follow the customary view which 
assumes that an addition or some very near position of the halogeno- 
compound molecule causes the splitting off of the hydroxyl group; 
and a similar mechanism must be assumed if a halogen atom linked 
to an asymmetric carbon atom reacts with a molecule of water or 
ammonia, producing an exchange of halogen for a hydroxyl or 
amino-group. Another example is afforded by the reaction between 
a nitrous acid molecule and an active amino-compound. 

In such cases the entering radical must, at the moment of the 
splitting of the active molecule, always be very nearly at the same 
distance from the vacant place at the asymmetric carbon atom—a 
distance which depends upon the nature of the reacting molecules 
but is independent of the concentrations—and consequently the 
entering radical will always occupy very nearly the same time in 
taking that vacant place. The word “ nearly ” is used in the fore- 
going sentences because the addition may perhaps take place in 
slightly different ways even for the same reagent. Whether the 
replacement occurs in the first or in a later phase of the oscillation 
(i.e., whether it does not or does produce inversion) will depend upon 
the structure of the molecules and the period of the oscillation, but 
as these quantities have constant values, we must expect that only 
one stereochemical form of the reaction product will result, and this 
type of Walden inversion is consequently not amenable to calculation 
of the composition of the reaction product. Of course, it is possible 
that accidental and uncontrollable influences, such as casual shocks 
from the surrounding molecules of the solvent, may cause diver- 
gencies, but in the main it seems natural to ascribe racemisation, if 
occurring in greater degree in reactions of this type, to secondary 
influences not directly connected with the double decomposition. 

Finally, we must also expect that reactions may occur which 
represent a transition stage between the two types, or which actually 
proceed simultaneously in the two different typical ways. Such an 
example is perhaps to be found in the processes which are usually 
attributed to the action of nitrosyl bromide upon active amino- 
compounds, although such reactions may be due both to (i) the 
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undissociated nitrosyl bromide molecules and to (ii) nitrous acid and 
bromine ions. From the views given above, we should expect the 
first of these processes to give only one stereochemical form and the 
other to give both the d- and the /-form of the resulting halogen 
compound. The results of this process reported in the literature 
seem to justify this explanation. 

In the foregoing systematic classification, we have only taken 
account of the nature of the optically inactive component of the 
reaction, but that the nature of the optically active compound plays 
a considerable part in determining the stereochemical course of 
the process is well known, since, for example, an optically active 
ester and the corresponding free acid in some cases give different 
stereochemical forms of the reaction product with the same reagent. 
Apart from the influence of concentration and other experimental 
conditions, this phenomenon may be a direct consequence of the 
hypothesis now advanced, since the time of oscillation must neces- 
sarily be different for an ester and for its free acid—or, to take an 
example of another type, for bromopropionylglycine and for the 
free bromopropionic acid (Fischer, Ber., 1907, 40, 489)—and if this 
difference is great enough, the two reactions can give rise to products 
of opposite sign. 

Another important influence arises from the well-known fact that 
only in exceptional cases can the asymmetric carbon atom be 
assumed to occupy the centre of a perfectly regular tetrahedron, for 
generally the tetrahedron is more or less irregular. This point is of 
importance primarily for the mathematical treatment of our hypo- 
thesis; here it is only necessary to mention that, whilst in the 
diagrammatical case of a regular tetrahedron, the period of the first 
phase of the oscillation must be half that of each of the following 
phases, yet in all actual cases this ratio can be either greater or less 
than one-half. 

The present paper describes the first of a series of researches, 
designed from the point of view of the author’s hypothesis, upon 
the mechanism of the Walden inversion; and a process of Type 1 
has been chosen in order to investigate the influence upon it of 
systematic variation of (a) the concentration, the ionic strength p 
(and consequently also the activity factor F) being kept constant, 
and (6) the ionic strength, the concentration being kept constant. 

As the reaction between halogeno-succinic acids and xanthogen- 
ates has been shown by Holmberg (see Part I, loc. cit.) to proceed 
in a well-defined way, /-bromosuccinicacidand potassium xanthogen- 
ate were chosen for my purpose. It is assumed (see Part I, loc. cit.) 
that /-bromo- and d-xanthogeno-succinic acids have the same 
- configuration, and this raises a point of fundamental importance. 
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When a radical linked to an asymmetric carbon atom is replaced by 
another radical, there is as yet no means of ascertaining with cer. 
tainty which-of the two possible forms of the reaction product has 
the same configuration as the original molecule; for, when an 
optically active molecule is transformed under different conditions 
(but without interference from other optically active molecules) 
into oppositely rotating forms of the same reaction product, all we 
can say is that a Walden inversion has taken place in one of these 
reactions. The literature contains numerous instances in which a 
Walden inversion is said to have taken place with or without a 
change in the sign of rotation, but these are necessarily only expres- 
sions of opinion in the light of various hypotheses, and the same 
applies to the present statement as to the bromo- and xanthogeno- 
succinic acids. The conception of the Walden inversion advocated 
here and in Part I leads to the conclusion that, in reactions of Type 1, 
that form of the reaction product which increases in amount with 
increasing concentration of the entering radical in the solution has 
the same configuration as the original substance. Moreover, if 
valid, this theory for reactions of Type 1 affords a means, hitherto 
lacking, of deciding which forms of related substances have corre- 
sponding configurations. 

The results of the two types of experiment (a) and (6) are shown 


in Tables I and II and Figs. 1 and 2, respectively, » being recorded 
as a percentage of d-acid formed. When the values of n in Expts. 
6—10 are multiplied by the factor 48-9/43-6, 7.e., the ratio of the 
values in Expts. 11 and 10, we get those values of m which would 


TABLE I. 
(Bs = Bromosuccinic radical ; X = xanthogenate radical.) 


Composition of mixture. 
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TaBLe II, 


Na,Bs = 0-05, KX = 0-05, c, = 0-025. 
KNO, KNO, 

. added. yp. , F. No. added. uy. 
0-00 0-20 . 1-60 18 O15 0-35 
0-05 0-25 . 1-70 19 020 0-40 
0-10 0-30 . 1-70 20 0:25 0-45 


Fig. 1. 
4, ©, and & = values of n in Expts. 1-5, 6-10, and 11-14, respectively. 
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© = values of F derived from experimental values of n. 

A as » », calculated from solubility data. 
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have been found in Expts. 6—10 had the ionic strength here been 2-3, 
and so the curve for Expts. 11—14 is continued down to c, = 0-05 as 
a broken line. Expts. 6—10 were a repetition of Expts. 1—5 but 
were carried out in a somewhat different manner, designed from the 
point of view of my conception of the reaction mechanism to ensure 
more definite results (see Experimental). 

The values of F given in Table II and denoted by circles in Fig. 2 
were obtained as follows: Since the results in Expts. 1—10 have 
shown that equation (1) is valid for the concentrations concerned, 
we are entitled to assume that the figures for n in Expts. 15—20 are 
proportional to the activity factor F in these experiments. If 
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these values of ” are divided by 3-6 (found empirically) and the 
corresponding dividends are assigned to F, the curve obtained by 
plotting F against pu intersects the ordinate axis at F = 1, which is 
the. theoretically correct value for the activity factor for = 0, and 
hence these values of F were adopted. 

For comparison, some values of the factor F = f,?/f, have been 
calculated from solubility experiments of Brénsted and Petersen 
(J. Amer. Chem. Soc., 1921, 43, 2274, 2282). The solubilities of 
croceo-tetranitrodiamminocobaltiate in salt solutions were used for 
the calculation of f,, and those of zantho-oxalate for f,. The values 
for F thus obtained are denoted by triangles in Fig. 2. It is seen 
that a common curve could be drawn to agree fairly well with all the 
points of the diagram, but the individual character of the two 
systems justifies different but similar curves. 


EXPERIMENTAL. 


Experiments 1—5 were carried out by dissolving a weighed 
quantity of l-bromosuccinic acid in the equivalent amount of sodium 
hydroxide solution, diluting it to a fixed volume, and adding solid 
potassium xanthogenate and solid potassium nitrate. Under these 
conditions, however, it is probable that some reaction takes place 


between the acid and the alkali before the addition of the xanthogen- 
ate, and in order to avoid this, the method was modified as follows : 
Weighed quantities.of solid xanthogenate and nitrate were dis- 
solved in an amount of sodium hydroxide solution equivalent to the 
quantity of /-bromosuccinic acid to be employed, and the solution 
was diluted to a fixed volume, and rapidly poured over the acid, 
which was brought into solution by vigorous shaking. The reaction 
mixture was then kept in the thermostat at 25-0° for about 72 hours, 
and the xanthogenosuccinic acid formed was isolated by acidification 
with sulphuric acid and extraction with ether. The ethereal 
solution was dried over calcium chloride and left to evaporate at 
room temperature. In most of the experiments xanthogenate was 
present in excess, and on acidification xanthogenic acid separated 
partly as a suspension and partly as a heavy oil; two or three 
filtrations through a wet filter-paper, however, sufficed to give a 
perfectly clear solution. 

In the modified method of preparing the reaction mixture, the 
displacement of the bromine atom takes place in a solution in which 
the xanthogenate ion has the right concentration and the ionic 
strength is as required (except for the few moments necessary for 
dissolution of the acid); the corresponding experiments (Nos. 6—10) 
give a better curve than Nos. 1—5. 

The xanthogenosuccinic acid thus obtained was yellowish-white 
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and crystalline, having a faint odour reminiscent of organic suiphides. 
It was not further purified for fear of fractionating it, and by titr- 
ation with 0-1N-sodium hydroxide it gave an equivalent that agreed 
well with the theoretical value 119-1; hence, since Holmberg 
(loc. cit.) found the reaction to pursue a regular course, no further 
identification was thought necessary. 

After being dried upon filter-paper, the acid was dissolved in ethyl 
acetate, and its rotation determined in 1-dcm. tubes surrounded by 
a jacket, through which water from a thermostat was circulated, the 
temperature being ascertained by a thermometer inserted in the 
solution itself. These measurements were made by the mono- 
chromatic light of the yellow mercury line (A = 578 uz), and in some 
special cases by the green mercury line (A = 546) also, the light of a 
powerful mercury-quartz lamp being filtered through one of the two 
sets of aqueous solutions (1 cm. layer of each constituent solution) : 

A. Yellow line: (1) 5-76 g. of anhydrous copper sulphate in 
100 c.c. of water; (2) 0-02 g. of tartrazine + 0-02 g. of erythrosin 
in 100 c.c. of water. 

B. Green line: (1) the same as Al; (2) 18 g. of didymium 
chloride in 50 c.c. of water; (3) 0-02 g. of tartrazine in 100 c.c. 

The /-bromosuccinic acid used was prepared from l-aspartic acid 
as described by Holmberg (Ber., 1927, 60, 2205). The sample used 
for Expts. 1—5 had [«]#; = — 74-67° (c = 6-00 in ethyl acetate), 
but that used in all the other experiments had [«]3; = — 73-84° 
under the same conditions. Since Walden (Ber., 1895, 28, 2770) 
found [«],; = — 72-6° and Holmberg (Arkiv Kemi, Min., Geol., 
1916, 2, No. 8) found [«}” = — 76-3°, it is clear that the samples 
used here contained a few units % of the r-form, but as this would 
only cause a very slight uniform displacement of the curves, and in 
view of the small quantity available, it was decided not to 
recrystallise the acid. 

The experimental details are given below. 

Experiment 1. The quantities used were 3-006 g. of l-bromo- 
succinic acid, 2-404 g. of potassium xanthogenate (in the tables 
abbreviated to KX), 6-065 g. of potassium nitrate, and 30-75 c.c. of 
1-0N-sodium hydroxide solution. Total volume, 150-0 c.c. The 
xanthogenosuccinic acid was extracted by four 50-c.c. portions of 
ether, whereby 3-09 g. were obtained: [«]#; = — 71-81° (c = 6-03 
in ethyl acetate). The specific rotation of /-xanthogenosuccinic 
acid is estimated (see below) to be [«]}%; = — 107°; hence the 
content of d-form in the acid obtained in this experiment is calculated 
as n = 16-45%. 

In Expts. 2—5 the quantities of J-bromosuccinic acid and sodium 
hydroxide solution, the total volume, and the time of reaction (72 
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hours) were the same as in Expt. 1. The other quantities were as 
shown, and in every case the specific rotation refers to approximately 
0-6 g. of acid in 10 c.c. of ethyl acetate (i.e., c = 6). 
Acid ob- 
Expt. KX, g. KNO,, g._‘ tained, g. [aPe. n, %. 
2 4-808 4-549 3-10 —53-06° 25-00 
3 7-212 3-033 3-02 —38-75 31-39 
4 9-616 1-516 3-10 —32-48 34-83 
5 12-020 — 3°32 —20-04 40-64 
Expts. 6—10. 2-955 G. of l-bromosuccinic acid and 29-91 c.c. of 
sodium hydroxide solution (not the same as above) were used, 
the other conditions being the same as for Expts. 1—5. 
6 2-405 6-066 3-34 —17-47* 13-80 
7 4-809 4-550.3 3°24 —60-70* 21-64 
8 7-214 3-033 — —4]-44* 30-64 


9 9-618 1-517 — —26-14* 37-74 
10 12-023 — — —13-80* 43-55 


* At 25-4°. 

Expts. 11—14. The reaction product in these experiments was 
extracted successively with 100, 75, and 50 c.c. of ether; in all other 
respects the conditions were as in Expts. 6—10. 

ll 12-023 22-75 3°50 — 2-33 48-91 
12 24-05 15-17 3°25 +31-79 64-86 


13 36-07 7-583 — + 44-587 70-84 
14 48-09 — a +52-31j; 74-39 


t a2 = +2-67°; a% = +3-11° (c = 5-99). 
‘At 25-2°; [a] = +53 “31° at 20-9°. 


From the aameed rotations of Expt. 13, verenmabitian shows 
that [«]2) (i.e., [«]#°) is 93% of the value of [«]#,; also the measure- 
ments in Expt. 14 show that a rise of 4-3° causes a decrease of 2°, 
in «. From these and from Holmberg’s value [a]? = + 101-5° for 
the pure xanthogenosuccinic acid, we can calculate that for this 
compound [«]#; = + 107° (approx.), and this value has therefore 
been used in the present paper for the calculation of n. 

Expts. 15—20. 1-478 G. of l-bromosuccinic acid, 1-202 g. of 
potassium xanthogenate, and 15-00 c.c. of sodium hydroxide 
solution were used in each case, the total volume being 150 c.c. 


The remaining data were : 
Acid ob- 
Expt. KNO,, g. _ tained, g. [aps n, %. 
15 —- 1-63 —94-64° 5-78 
16 0-758 1-63 —93-89 6-13 
17 1-516 1-64 —93-89 6-13 
18 2-275 1-62 —92-79 6-64 
19 3-032 1-61 —92-70 6-68 
20 3-790 1-64 —92-08 6-97 


POLYTECHNIC INSTITUTE, 
COPENHAGEN, DENMARK. [Received, April 3rd, 1929.] 
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CLXVII.—The Parachor and Chemical Constitution. 
Part XII. Fused Metals and Salts. 


By Samvuret SuepEN and Henry WILKINS. 


THE earlier papers of this series have been concerned chiefly with 
substances which, in the liquid state, are non-conductors of elec- 
tricity; the parachors of conducting liquids (metals and salts) will 
now be considered. These liquids exhibit many abnormalities in 
their physical properties and are usually classed as highly associated 
substances (compare Turner, “‘ Molecular Association,’’ Longmans, 
Green, and Co., Ltd., 1915, pp. 27, 59). It is clear that the presence 
of a high concentration of charged ions or molecules must have a 
profound effect upon the internal pressure of a liquid, for such 
charged particles possess a much larger external field of force than 
neutral molecules. It is therefore not surprising to find that the 
parachors of salts exhibit a number of anomalies and may be either 
greater or less than the predicted values. It will be clear from what 
follows that much more experimental work will have to be done 
before these anomalies can be accounted for satisfactorily. We are 
here making a preliminary survey of the field and intend to investi- 
gate more closely the types of substance in which anomalies have 
been encountered. 

The parachor of a salt involves the constant for a polar bond. It 
has already been argued by one of us (Sugden, J., 1927, 1177) that 
this linkage should have the same effect upon the parachor as a 
semipolar double bond, viz., —1-6 units. A direct test of this 
hypothesis is provided by the parachors of certain salts of organic 
bases which are fusible without decomposition. For these sub- 
stances all the atomic parachors involved are known with certainty 
and, from the work of Walden, Ulich, and Birr (Z. physikal. Chem., 
1928, 131, 1, 21, 31), it is clear that fused salts of this type are 
highly dissociated into ions. The parachors of ten such salts are 
collected in Table I and are there compared with the parachors 
calculated on the assumption that the polar bond gives an increment 
of —1-6 units. The first six substances in the table give parachors 
which, within the limits of experimental error, agree with the calcu- 
lated values. The parachor of tetrapropylammonium picrate is of 
special interest, since Walden, Ulich, and Birr (loc. cit.) conclude 
that the picrates of quaternary bases are almost completely dis- 
sociated in the fused state. It is clear that the contribution of the 
polar bond to the parachor is very small and that the value —1-6 for: 
this constant can be regarded as satisfactory. 

The six salts giving normal parachors are derived from secondary, 
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TaBLeE I. 
Salts of Organic Bases. 
Ob- [P] [P] 
Substance. server.* obs. calc. 
(1) Methylaniline hydrochloride ...... S.& W. 348-6 345-5 
(2) Ethylaniline hydrochloride 381-9 384-5 
(3) Dimethylammonium nitrate . 249-7 251-4 
(4) Diethylammonium nitrate re 324-8 329-4 
(5) Dimethylaniline bisulphate , . 469-5 472-3 
(6) Tetrapropylammonium picrate ... 931-8 928-3 
(7) Ethylammonium nitrate A 251-4 
(8) Dimethylaniline hydrobromide ... ra - 4128 398-2 
%? %? eee e 4 ‘ %? 
(9) Tri-i-amylammonium thiocyanate ae 761-6 776-4 
(10) Tetra-i-amylammonium iodide ... re 895-5 950-3 
* For full references see p. 1296. 
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tertiary, and quaternary bases, and the first abnormal salt, No. 7, 
is the only salt of a primary base so far examined. A large specimen 
of this substance was prepared and purified by repeated freezing 
until its melting point became constant at 8°. Its purity was also 
confirmed by analysis, yet our measurements confirm the earlier 
results of Walden and show a parachor anomaly of —12 units. 
The behaviour of this substance is in striking contrast to that of 
the isomeric nitrate of dimethylamine, No. 3, which gives a normal 
parachor. A positive anomaly of the same order of magnitude 
(+ 15 units) is found for dimethylaniline hydrobromide (No. 8), 
whereas the bisulphate of the same base (No. 5) gives a nearly normal 
parachor. Walden’s observations give large negative anomalies for 
the last two substances in the table; the very large deficit for No.10 
requires confirmation and may be due, in part, to the presence of a 
denser impurity. 

Table I includes the value of the Ramsay-Shields coefficient, 
k = dy(M/D)*/dT, where the symbols have their usual significance. 
The molecular weight of the undissociated salt has been used to 
calculate the constant, yet none of the salts examined give a value 
of k approaching 3-5 which, on the usual interpretation of this 
constant, would correspond to complete dissociation into two ions. 
(The value 2-88 for tetrapropylammonium picrate is paralleled by 
values of k greater than 2-2 for many normal liquids of high molecular 
weight.) No connexion can be traced between the values of & and 
the occurrence of parachor anomalies; both normal and abnormal 
salts show a wide variation in the value of this coefficient. 

The first two substances in Table I give & = 2-1, and in this 
respect might be regarded as normal (non-dissociated) liquids. 
We have therefore determined their electrical conductivity, with 
the results shown in Table II. These hydrochlorides are evidently 
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Methylaniline 
hydrochloride. 

t. K. A. 
134° 0-0131 1-77 
143-5 0-0156 2-12 
155°5 0-0195 2-66 
165-5 00-0259 3-55 


TaBxz II. 
Specific (x) and Molecular (1) Conductivities of Fused Salts of Organic 
Bases. 


Ethylaniline 
hydrochloride. 

t. K. A. 
185° 0-0122 1-90 
197-5 00-0158 2-49 
203-5 0-0176 2-77 
209-5 0-0195 3-09 


PART XII. 
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Tetrapropylammonium 


picrate. 

t. Ks A. 
120° 0-0071 2-58 
150 0-0140 5-19 
180 0-0230 8-68 
210 0-0327 12-57 


dy. 
0-484 
0-453 
0-434 
0-411 


largely ionised in the liquid state and have conductivities com- 
parable with those of the fused picrates studied by Walden, Ulich, 
and Birr (loc. cit.). Some of the data of these workers on tetra- 
propylammonium picrate are included in Table II for comparison. 
For this substance, as for other salts of quaternary bases, the 
product of molecular conductivity and viscosity (Ay) diminishes 
slowly with rising temperature and has approximately the same 
value as is found for the same salt in dilute aqueous solution, viz., 
0-486. It must therefore be almost completely dissociated into ions 
in the fused state. 

A discussion of the parachors of the salts of inorganic bases 
involves first of all a knowledge of the atomic constant for the 
metal. These constants are known with fair accuracy from 
measurements on covalent compounds of mercury (68-7), thallium 
(65-5), aluminium (38-6), tin (56-5), lead (76-2), and antimony 
(66-0). ‘Table III gives the parachors of a number of salts of these 
elements and also those of the free metals. The latter are assumed 
to be monatomic and the polar bond in the salts is assigned the 
value —1-6. Some of the experimental data are open to criticism ; 
in particular Smith’s data for the surface tension of the metals are 
often not confirmed by later workers. 

It will be seen that the parachors of these metals and salts fre- 
quently exhibit large positive anomalies. In many cases these are 
too large to be accounted for by association of two or more atoms 
or ions to give a complex linked by multiple bonds. For instance, if 
two thallous ions unite to give a complex ion (I), containing a 
double bond, the parachor increment per thallium atom is 23-2/2 = 
11-6, whereas the anomaly found in the nitrate is nearly twice this 
quantity. Similarly for metallic tin it is necessary to assume the 

TI—Tl Sn=Sn —Sn—Sn—Sa— 
AP = 11-6 AP = 23-2 AP = 23-2 
(I.) (II.) : (IIT.) 
improbable structure (II), in which two tin atoms are linked by a 
quadruple bond and share eight electrons, or the equally improbable 
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TaBie III. 


Fused Metals and Inorganic Salts. 


Substance. Observer. [P] obs. [P] cale. 
Thallous formate . 150-3 145-8 

ol 183-5 184-4 

” i 177-3 158-0 

9 ”? J . 180-7 ” 

’ Stannous chloride . 183-8 165-1 
Lead chloride . ‘ 194-5 184-8 
i 68-0 68-7 
69-0 ob 
69-4 ae 
69-4 oe 
55-0 38-6 
83-4 
83-8 oe 
86-8 
114-2 
89-3 Ps 
91-5 - 
93-5 va 
76-8 66-0 
82-0 sd ° 
83-9 - +17- 
structure (III), containing chains of tin atoms linked by double 
bonds, in order to account approximately for the parachor anomalies. 
It is more probable that some other factor has to be taken into 
account due either to the presence of a high concentration of ions 
or of loosely bound electrons, or else to some special condition of the 
metallic atom. In this connexion it should be noted that Sidgwick 
(‘The Electronic Theory of Valency,” Clarendon Press, 1927, 
pp. 179—181) has directed attention to the remarkable chemical 
inertness of a pair of electrons in the atoms of certain elements, 
e.g., thallium, tin, lead, and antimony, all of which exhibit positive 
parachor anomalies. In many compounds this pair of electrons 
behaves as if it were part of the core and could not be removed by 
ionisation. 

Jaeger (Z. anorg. Chem., 1917, 101, 1) has measured the surface 
tensions and densities of a number of salts of the alkali metals. 
The parachors calculated from these observations are summarised 
in Table IV and are used to obtain approximate atomic parachors 
for the metallic elements. Jaeger’s surface tensions often cover 4 
much wider range than his density measurements; to avoid errors 
of extrapolation the parachors have been calculated only for the 
range of temperatures covered by the density observations. This 
range is indicated in the second column and the variation it 
parachor over this range is given in the third column. The fifth 
column gives the parachor of the anion + the constant for a polat 
bond; by subtracting this from the mean parachor of the salt, the 


constant for the metal is obtained. 
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TABLE IV. 
Salts of the Alkali Metals. 


Sub- 
stance. Temperature. 
850—1000° 
600— 775 
350— 500 
860—1150 


1010—-1190 
800— 900 
760— 900 
700— 750 
320— 600 
800—1100 
900—1100 


900—1100 
800— 900 
775— 825 
737— 812 
380— 580 
900—1200 
1070—1350 


800—1040 
750— 880 
730— 830 
670— 820 
320— 580 
1080—1350 


720— 880 
660— 770 
650— 770 
650— 770 
425— 575 
1030—1220 


Parachor. 

57-8— 59-3 
97-2— 99-6 
130-0—132-9 
212-4—-220-6 
81-5— 83-9 
123-4—126-7 
142-2—145-4 
169-4—171-3 
147-9—158-4 
175-4—181-7 
257-5—265-8 
106-7—111-0 
154-6—158-4 
173-6—175-1 
204-3—206-8 
184-2—193-6 
201-4—207-0 
319-5—336-5 


121-2—125-9 
181-0—185-0 
190-5—195-0 
224-3—229-5 
192-5—203-7 
356-9—368-1 
135-4—138-6 
186-6—190-7 
205-2—209-2 
239-8—245-0 
215-7—221-2 
386-8-—393-1 


Mean [P]. 
58-5 
98-4 
131-5 
216-0 

82-7 
124-8 
143-8 
170-8 
152-9 
1781 
261-1 


109-0 
156-6 
174:3 
205-2 
189-0 
204-4 
328-0 
123-1 
182-8 
192-7 
226-8 
197-9 
361-8 


136-9 
188-7 
207-5 
242-4 
218-0 
388-8 


S[P]. 


24-1 
52-7 
91-5 


52-7 
66-4 
89-4 
91-5 


52-7 
66-4 
89-4 
91-5 
117-7 
121-8 
24-1 
52-7 
66-4 
89-4 
91-5 
121-8 
24-1 
52-7 
66-4 
89-4 
91-5 
121-8 


Atomic 
parachor. 
34-4 
45-7 
40-0 
47-1 x 2 
58-6 
72-1 
77-4 
81-4 
61-4 
60-4 
69-6 x 2 
84-9 
103-9 
107-9 
115-8 
97-5 
86-7 
103-1 x 2 
99-0 
130-1 
126-3 
137-4 
106-4 
120-0 x 2 


112-8 
136-0 
141-1 
153-0 
126-5 
133-5 x 2 


Approximate atomic parachors : Li = 50, Na = 80, K = 110, Rb = 130, 


Cs = 150. 


From a survey of the data in Table IV it will be seen that the 
bromides and iodides usually give the highest values for the metallic 
parachors and the sulphates, nitrates, phosphates, and particularly 
the fluorides give much lower figures. At present the only other 
evidence for the parachors of these elements is furnished by the 
determination of the surface tension of metallic sodium by Poin- 
dexter (Physical Rev., 1926, 27, 820), from which Na = 97-4. This 
is much larger than the highest value deduced from the salts. It 
must be remembered, however, that this figure refers to a neutral 
sodium atom with an electron in the M level, whereas the constant 
deduced from the salts refers to a sodium ion in which this level is 
unoccupied. It is hoped shortly to obtain the parachors of co-ordin- 
ated compounds of the alkali metals, e.g., with 6-diketones, which 
should give further information as to their atomic parachors. 
Meanwhile the figures given at the bottom of Table IV may be 
taken as rough minimum values. 
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EXPERIMENTAL. 


Surface tensions were determined by the method of maximum 
bubble pressure (Sugden, J., 1922, 121, 858; 1924, 125, 27); and 
densities by means of the U-shaped pyknometer previously described 
(J., 1924, 125, 1171), except for the more hygroscopic salts, for 
which calibrated floats were used in sealed tubes. The parachor is 
calculated by the formula [P] = My”*/D, where MV is the molecular 
weight, y the surface tension in dynes/em., and D the density of 
the liquid. 

Methylaniline hydrochloride, C,H, ,NCl, M = 143-6, was prepared 


by passing dry hydrogen chloride into a ligroin solution of the base 
and was recrystallised from benzene-chloroform. The specimen 
used melted at 122-5—123° (corr.) after thorough drying in a 
vacuum desiccator. Densities determined (floats): D]®* .1-0660, 
Di 1-0590, Di*®* 1-0557, Di” 1-0447; whence Di = 1-0808 — 
0-000527 (¢ — 100). 


140-5° 150-5° 160° 
43-50 42-68 41-29 
1-0564 1-0517 1-0462 
348-9 348-8 347-7 Mean 348°5 


Ethylaniline hydrochloride, C,H,,.NCl, M = 157-6, was prepared 
by dissolving the base (100 g.) in concentrated hydrochloric acid 
(70 c.c.). On cooling, the salt crystallised. The base was regener- 
ated and again crystallised as hydrochloride. A little reddish 
colouring matter was removed by washing with absolute alcohol, 
and the product thoroughly dried; m. p. 178-5° (corr.). Densities 
determined (floats): D}®* 1-0085, D®** 0-9984; whence Di = 1-0492 
— 0-000493 (¢ — 100). Above 200° the substance decomposed with 
evolution of gas. 

180-5° 188-5° 
35-41 34-50 


1-0061 1-0019 
382-3 381-4 Mean 381-9 
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Tetrapropylammonium picrate, C,,H,,0,N,, M = 414-3. The 
bromide was first prepared and recrystallised from ethyl acetate 
until pure, m. p. 252° (corr.) (Found: Br, 29-66. Calc.: Br, 
30-03%). This was converted into the picrate, which melted at 
117-5—118° (corr.). Densities determined: D!** 1-136, Di!* 
1-122, Di 1-115; whence Di = 1-159 — 0-00086(¢ — 100). 
These figures are in good agreement with the densities found by 
Walden, Ulich, and Birr (loc. cit.). 

135° 143-5° 152-5° 
41-30 40-72 40-03 
1-129 1-122 1-114 
929-9 932-6 935-6 Mean 931-8 

Ethylamine nitrate, C,H,0,N,, M = 108-1, was prepared by dis- 
solving a slight excess of the base in 20% nitric acid and removing 
the water under diminished pressure. The residual oil was frozen 
and the crystals were collected in a chilled funnel. This process 
was repeated until a constant melting point of 8° (corr.) was attained 
[Found : HNO, (by nitron), 59-1, 59-25. Cale.: HNO,, 58-3%]. 
Densities determined: D\? 1-216, D2 1-199, D®° 1-182, Di 
1-168; whence Dj. = 1-225 — 0-00080 ¢. 

30° 56-5° 82-5° 97° 
47°6 46-2 45-4 44-9 
1-216 1-201 1-180 1-159 1-148 
235-0 236-5 238-8 242-1 243-8 Mean 239-2 


Dimethylaniline hydrobromide, C,H,,NBr, M = 202-0, was pre- 
pared by dissolving the base in a slight excess of constant-boiling 
hydrobromic acid and removing the water under diminished 
pressure. The solid product was purified by precipitation from 
solution in dry chloroform by the addition of ethyl acetate. The 
specimen used melted at 84-5—85-5° (corr.) (Found: Br, 39-5. 
Cale.: Br, 39-6%). Densities determined: D}** 1-302, Di” 
1-294, Di®” 1-286, Di" 1-277; whence Di; = 1-398 — 0-00864 t. 

97° 112° 118-5° 129° 136-5° 
50-40 49-55 49-00 48-60 48-07 


1-314 1-301 1-296 1-287 1-280 
409-7 412-1 412-3 414-4 415-7 Mean 412-8 


Dimethylaniline bisulphate, C,H,,0,NS, M = 219-2, was pre- 
pared by dissolving the calculated amount of the base in 50% 
sulphuric acid and removing the water under diminished pressure. 
It was purified by solution in dry chloroform and precipitation at 0° 
by addition of ethyl acetate; m. ‘p. 88—89° (corr.) (Found: SO,, 
43:1. Cale.: SO,, 43-89%). Densities determined: D?'* 1-272, 
D?* 1-268, Di®* 1-260, Di" 1-256; whence D, = 1-283 — 
000074 (¢ — 100). 
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105-5° 114-5° 126° 133° 
55-2 54-9 54-0 53-7 
1-279 1-272 1-264 1-259 
467-1 469-0 470-0 471-3 Mean 469:5 


One of us (S. S.) is indebted to the Research Fund Committee of 
the Chemical Society for a grant which has partly defrayed the cost 
of this investigation. 


BirKBECK COLLEGE (UNIVERSITY OF LONDON), 
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CLXVIII.—The Parachor and Chemical Constitution. 
Part XIII. Some Compounds of Titanium and 
Tin. 


By Freperick Bast, GARNER and SAMUEL SUGDEN. 


Tue chief object of the investigation described below was the elu- 
cidation of the structure of the additive compound of stannic 
chloride and phosphorus oxychloride described by Casselman 
(Annalen, 1854, 91, 242; 1856, 98, 217). As a preliminary step it 
was necessary to measure the parachors of a few simple tin com- 
pounds in order to determine the atomic parachor of this element. 
The results in Table I (which includes the parachor of titanium 
tetrachloride) give for the atomic constants Sn = 56-7 and Ti = 45:3. 


TABLE I. 


Atomic Parachors of Tin and Titanium. 
Atomic 
Substance. [P] obs. 2 [P]}. parachor. 


Tin tetrachloride . 217-2 55-6 
Tin tetrabromide ° 272-0 53-8 
Tin tetraethyl ; 380-4 60:7 

Mean 56-7 


Titanium tetrachloride 217-2 45-3 


These values are in harmony with those of other elements of group 
IV which have so far been determined and give the sequence :— 


Cc. Si. Ti. Ge. Zr. Sn. Hf. Pb. 
2-8 ca. 25 45-3 — — 56-7 — 76-4 


The compound of stannic chloride and phosphorus oxychloride is 
formed at once with considerable evolution of heat when the com- 
ponents are mixed in suitable proportion. Casselman (loc. cit.) 
describes it as melting at 55° and boiling at 180°, and gives its com- 
position as SnCl,,POCl,. We have been unable to isolate a com- 
pound of this composition and boiling point but from all the mix- 
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tures used have obtained a substance which, after careful purific- 
ation, melts at 54°5° (corr.) and boils at 118—119° (corr.)/760 mm. 
On analysis this substance was found to have the formula 
SnCl,,2POCI, and thus falls into line with the corresponding com- 
pounds of zirconium and hafnium, namely, Zr(Hf)Cl,,2POCI,, and 
Zr(Hf)Cl,,2PCl;. The analytical results are shown below. 


Calculated for Found. 


SnCl,,POCI,. SnCl,,2POCIs. I. II. 
28-68% 20-92% 21-00% 21-20% 
10-92 10-62 10-97 
62-50 bas 62-10 








The structure suggested for this substance by one of us (Sugden, 
J., 1927, 1182), when modified to account for the presence of two 
phosphorus oxychloride molecules in the complex, is shown by 
formula (I) and contains four singlet linkages. The parachor 
calculated for this structure is 665-5, whereas the value found experi- 
mentally is 691-6, which is 26 units too high. This result may be 


Sand O4—PCl pals “|+ 
or 3 ii Ss 
8 as 


Cl? 
[P] cale., 665-5. [P] cale., 688-7. 
(I.) (II.) 


accounted for in two ways. In the first place the substance distils 
with some decomposition at ordinary pressure and the first runnings 
always contain an excess of stannic chloride. It is therefore possible 
that, in the liquid state, the compound is partly dissociated into its 
generators, so that only a portion of it has the structure (I). It may 
be noted here that, if the octet rule holds and the substance has an 
open-chain non-polar structure, then at least four singlet linkages 
must be present in the molecule. This can be proved in the following 
manner: The total number of valency electrons in the molecule is 
96. If the 15 atoms in the molecule all attain an octet, the number 
of shared electrons is 8 x 15 — 96 = 24. The minimum number 
of bonds which will link the 15 atoms to form a non-polar molecule 
is 14, so that the 24 shared electrons must be distributed between 
10 duplet links and 4 singlets. The introduction of double bonds or 
ring structures necessitates the use of a still larger number of 
singlets in order to provide the necessary number of bonds. 

If, however, the substance has a polar structure, the number of 
bonds required is smaller and the presence of a smaller number of 
singlet linkages can be admitted. For instance, if one of the 
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chlorine atoms ionises to give the structure (II), only two singlets 
are necessary to formulate the complex kation and the calculated 
parachor (688-7) is very nearly equal to the experimental value. 
This polar structure is, however, difficult to reconcile with the 
properties of the substance, viz., its fusibility, volatility, and solu- 
bility in hydrocarbon solvents. We therefore measured the 
conductivity of the compound in the fused state, with the results 
shown below. As the absorption of moisture gives ionisable 
products, care was taken to expose the substance as little as pos. 
sible to the atmosphere. Specimen I was recrystallised from 
ligroin and showed a small conductivity. Specimen II was purified 
by distillation under diminished pressure and was stored in sealed 
tubes. After melting, the tube was opened and the contents were 
rapidly transferred to the stoppered conductivity cell. A much 


Specimen. Specific conductivity at 60°. 
I 0-00136 mho 
TI 0-000081 _ ,, 
II + 3% water 0-00132_ —=s«,, 


smaller conductivity was found for this specimen, and, after addition 
of 4% of water, the conductivity showed a large increase. A 4%, 
solution of the substance in benzene was also examined and had 
no measurable conductivity (<10-* mho). We conclude that the 
small conductivity shown by the fused substance is due to traces 
of moisture and that the molecule must be non-polar. Its structure 
is probably represented by (I), but the parachor shows that it is 
largely dissociated into its generators in the liquid state. 


EXPERIMENTAL. 


Surface tensions were determined by the method of maximum 
bubble pressure (Sugden, 1922, 121, 858; 1924, 125, 27), and 
densities with a U-shaped pyknometer (J., 1924, 125, 1171). Since 
most of the substances studied are rapidly hydrolysed by moisture, 
long tubes containing phosphoric oxide were used to dry the air 
entering the bubbler or pyknometer. 

The tables below are set out in the same manner as in other 
papers of this series and do not need further description. The 
parachor is calculated by the formula [P] = ytM/(D — d), where 
y is the surface tension in dynes/cm., M the molecular weight, and 
D and d the densities of the liquid and vapour respectively. For 
the substances studied in the present paper, d is very small and has 
been neglected. 

Stannic chloride, SnCl,, M = 260-5, was purified by distillation 
and had b. p. 114° (corr.)/768 mm. Densities determined: Di 
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2-220, DE*® 2-194, Di 2-169, D#* 2-152; whence Di: = 2-284 — 


40° 51° 58-5° 
27-39 26-63 25-02 
2-188 2-162 2-144 
272-4 273-7 271-7 Mean 272-8 
Stannic bromide, SnBr,, M = 438-5, was purified by distillation 
and had m. p. 29-5° (corr.) and b. p. 204° (corr.)/765 mm. Den- 
sities determined : D®* 3-320, D?* 3-282, Ds’ 3-253, Dz 3-225, 
Ds 3-197; whence Di: = 3-427 — 0-00284 t. 
51-5° 64° 75-5° 
35-32 33-91 32-09 
3°281 3-246 3-212 
326-3 325-8 326-0 325-1 Mean 325-8 
Tin tetraethyl, Sn(C,H;),, M = 234-9, was prepared by the action 
of excess of magnesium ethyl bromide on stannic bromide (Pfeiffer 
and Schnurmann, Ber., 1904, 37, 320) and was purified by distil- 
lation. The specimen used had b. p. 180-5—181-5° (corr.)/768 mm. 
Densities determined: Di}? 1-202, D%* 1-187, D®* 1-172, D 
1-160, Dé 1-147; whence Di: = 1-219 — 0-00113 ¢. 
13-5° 34-5° 46° 55-5° 77-5° 
26-22 24-05 22-98 22-08 20-41 


1-204 1-180 1-167 1-156 1-131 
- 441-6 440-9 440-8 440-6 441-4 Mean 441-1 


Additive compound of stannic chloride and phosphorus oxychloride, 
SnCl,,2POCl,, M = 567-3. When stannic chloride (1 mol.) and 
phosphorus oxychloride (2 mols.) are mixed, considerable heat is 
evolved; on cooling, the mixture solidifies completely. Three 
methods of purification were attempted. The crude substance was 
melted and after partial solidification the crystals were separated 
and drained. Owing to the ready absorption of moisture the 
melting point could not be raised above 52-5° by this method. 
By crystallisation from ligroin the pure substance was obtained 
melting about 2° higher, but the crystals were frequently discoloured 
or turned brown on keeping. Distillation at atmospheric pressure 
gave a boiling point of 118—119°, but some decomposition occurred 
and the first runnings did not solidify completely. The best method 
of purification was found to be distillation at about 100 mm. 
pressure. Three distillation flasks with long necks (to minimise 
contact of the vapours with the rubber bungs) were connected in 
series and thoroughly dried by heating with a flame in a current of 
dry air. The compound was introduced into the first flask, and the 
system connected to the pump through a guard tube containing 
calcium chloride. The substance readily distilled at 70°/100 mm. 

YY 
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and in one distillation was obtained pure with m. p. 54-5° (corr.), 
This was unchanged by further distillation or by sublimation in a 
sealed tube at room temperature. 

Analysis. Tin was estimated by precipitation as sulphide and 
was, weighed as oxide. The phosphorus was estimated as magnesium 
pyrophosphate, and the chloride as silver chloride. The analytical 
figures are given on p. 1299. 

An attempt was made to prepare the substance described by 
Casselman (loc. cit.) by mixing equimolecular quantities of the com- 
ponents. The product, on distillation, gave a first fraction, b. p, 
114°, which was chiefly stannic chloride, and a later fraction which 
partly solidified and on further distillation gave the compound 
described above. Densities determined: D%* 1-923, D?® 1-907, 
D®* 1-892; whence Di: = 2-090 — 0-00293 #. 

64° 67-5° 71-5° 74° 81-5 
29-12 28-27 27-70 27-27 25-8 
1-903 1-893 1-880 1-873 te 


693-3 690-8 692-1 692-1 691- 
Mean 691-6 


Titanium tetrachloride, TiCl,, M = 189-9. A commercial speci- 
men was purified by distillation; the fraction used was pale yellow 
and had b. p. 136°/753 mm. Densities determined: D}* 1-742, 
D¥ 1-725, Df 1-701, D&* 1-673; whence Di: = 1-767 — 0-00162 t. 

27-5° 39-5° 52° 15° 
32-16 30-78 29-08 26-65. 


1-722 1-703 1-683 1-645 
- 262-8 262-6 262-7 262-0 262-3 - Mean 2625 


) 
= 
‘ 
51 


We wish to acknowledge the help of Mr. A. Skinner in the pre- 
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defrayed the cost of this investigation. 
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CLXIX.—The Effect of a Gas upon the Pressure of 4 
Vapour. 

By Leonarp AtFrReD Sayce and HENRY Vincent Arrp BRISCOE. 

Tue work of Regnault (Ann. Chim. Phys., 1845, 15, 129; Mem. 

Acad. Sci., 1862, 26, 679) and others shows quite conclusively that 


the pressure of a saturated vapour in equilibrium with its liquid is 
lowered by the presence of an indifferent gas. Campbell (7'rans. 
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Faraday Soc., 1915, 10, 197), in particular, in a study of the saturated 
vapour pressures of eight different liquids in contact with air, 
hydrogen, and carbon dioxide, observed and measured this effect 
and showed that in certain cases it attained a considerable magni- 
tude, the vapour pressures of chloroform and methyl alcohol in an 
atmosphere of carbon dioxide, for example, being only about three- 
quarters of the values in the absence of the gas. 

It follows that the concentration of a saturated vapour in a gas 
is not a true measure of the vapour pressure of the liquid and, 
therefore, that the very large number of “vapour pressure ” 
measurements which have been made by the gas-saturation method 
are subject to an error, unknown in extent but, in some cases at 
least, of very considerable magnitude. 

Campbell advanced the theory that the low values he obtained 
were due to the adsorption of gas at the liquid—gas interface, and 
we have sought, in the work now reported, to apply a crucial test 
of the validity of his view, according to which, evidently, in the 
absence of liquid a gas should have no effect on the pressure of a 
vapour. We have therefore measured independently both the 
concentration and the pressure of a vapour in the presence and in 
the absence of a gas, the gas used being carbon dioxide and the 
vapour either (1) ether or (2) pentane. It seems rather remarkable 
that, though many so-called measurements of vapour pressure 
(being in fact measurements of vapour concentration in a gas) have 
given results differing in a systematic fashion from those of true 
vapour-pressure measurements in the absence of gases, there is no 
recorded case of the precise measurement simultaneously of the 
pressure and the concentration of a vapour. Admittedly the 
experimental difficulties of such measurements are considerable, 
but the results are likely to be of great interest. 

The method here described is so laborious as to be unsuitable for 
the investigation of a large number of cases. Attempts are therefore 
being made to develop a simpler and more speedy technique without 
substantial loss of accuracy. Meanwhile the present results are 
recorded, as they appear definitely to contradict the view that the 
diminution of vapour pressure of a liquid in presence of a gas can 
be wholly attributed to the effects of solution or adsorption of gas 
in the liquid. 

EXPERIMENTAL. 


The ether used was prepared from a specially good commercial 
sample, supplied by Messrs. McFarlane, by repeated fractional 
distillation from metallic sodium after standing for some months 
over solid caustic potash and potassium permanganate. Carbon 
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dioxide was prepared from marble in a Kipp’s apparatus, well 
washed, and dried over phosphoric oxide. 

To determine the concentration : pressure ratio for ether, pre. 
cisely known weights of the liquid were taken in evacuated sealed 
glass bulbs, these were broken in a glass flask of known volume, 
previously either evacuated or filled with carbon dioxide at a known 
pressure, and the resulting pressure change was measured. 

Thin-walled glass bulbs having a capacity of 3—10 c.c. were 
charged with various quantities of ether by the method of Briscoe 


Fie. 1. 












































and Little (J., 1914, 105, 1326). Each bulb was weighed against a 
tare to 0°01 mg. before and after filling and sealing, a correction 
being applied for the weight of air excluded from the bulb when 
finally weighed. 

The apparatus used is shown diagrammatically in Fig. 1. A 
flask, A, of about 1200 c.c. capacity, had the neck indented at 
E to support the bulbs and was closed by a mercury-sealed ground 
glass stopper F. The stopper carried two sealed-in platinum wire 
loops, from which a chisel-ended glass hammer, L, was suspended 
by means of a bridge of tin fuse-wire. By connecting the platinum 
leads to a 6-volt accumulator the tin wire suspension could be fused 
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at will, thus releasing the hammer, which smashed the bulb and 
(if all went well) was itself held by the indentations. 

Two side tubes carrying mercury-sealed ground joints were pro- 
vided: B was used for evacuation or introduction of gas, and C 
| was connected through the mercury-filled isoteniscope, D, to a 
large bottle, H, and the manometer G. The pressure in H could 
be regulated with nicety by evacuation at J or admission of air at K. 
The flask and isoteniscope were immersed in a large glass-sided 
thermostat maintained electrically at 25-00° + 0-002° and a micro- 
scope was used to observe equality of pressure on the two sides of 
the isoteniscope, the cross-wire being set upon the images of the 
menisci while both sides were open to the atmosphere. The pres- 
sure in H, when shown in this way to be equal to that in A, was 
observed, by means of a good cathetometer reading to 0-02 mm., 
on the manometer, G, the limbs of which were made of 9 mm. 
internal diameter in order to minimise capillary errors. 

In determining unsaturated vapour pressures in the absence of 
gas, the flask was first thoroughly evacuated through B and this 
tube was sealed off. Then the pressure in H was reduced until the 
levels of mercury in the isoteniscope D were exactly equal, and 
the pressure was read on the manometer. The bulb was then 
broken and when, after the lapse of 3—4 hours, the pressure in A 
had become constant, the pressure in H was again adjusted to 
precise equality with that in A and read on the manometer. 

The difference in the manometer readings, corrected to 0°, then 
measured the unsaturated vapour pressure due to a known weight 
of ether contained in a space given by the internal volume of 
the flask and side tubes less the volumes of the hammer and 
the broken glass of the bulb. The gross internal volume of the 
flask was ascertained by weighing it filled with water in the usual 
way. 

Determinations of unsaturated vapour pressures in the presence 
of carbon dioxide were made in a similar way, except that the 
flask was first filled with carbon dioxide at a pressure of approxim- 
ately 500 mm., which was accurately read after it had attained a 
constant value. Then the bulb of ether was broken as before and, 
after the pressure had become constant (8—10 hours), the pressure 
in the flask was again read. In cases where the pressure within 
the flask was greater than that of the atmosphere, compressed air 
was introduced through the tap K. The observed rise in pressure 
within the flask was slightly less than the true pressure exerted by 
the ether vapour, because when the bulb was broken the carbon 
dioxide had increased in volume by an amount equal to the internal 
volume of the bulb. Thus, in a typical case :— 
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Pressure of CO, before breaking of bulb = 495-58 mm. Hg. 

Internal volume of bulb = 3-28 c.c. 

Final total volume of CO, + ether vapour = 1208-89 c.c. 

Pressure of CO, alone in the volume occupied by ether vapour 
and CO, = 495-58 x ‘0539 — 328 _ 494.24 mm. Hg. 
Stress is laid upon the necessity for this correction, because it 
appears to have been overlooked by Campbell (loc. cit.) in his 
application of a method similar in principle to that now described. 

The experiments with pentane were performed in a precisely 
similar manner to those with ether. The pentane was a pure sample 
supplied by Messrs. Kahlbaum. 





pressure 


volume of flask 
(c.¢.). 
Initial pressure 
Weight of vapour 
per litre. 


(mm. Hg at 0°). 
Vapour pressure 


. 
= (mm. Hg at 0°). 
a 

of 1 g. vapour 


Corrected net 
Final 
», (mm. Hg at 0°). 
(g-). 
Vapour pressure 


-_ 
~ 
i? 2) 
a 


0-20374 
106-81 106-43 0-51787 
108-38 107-82 0-52624 
173-11 172-35 0-83987 
243-39 243-08 1-18576 
445-01 444-51 2-20679 


1208-89 - 537-07 42°83 0-20552 
carbon 1208-36 , 710-46 210-65 1-04588 
dioxide 1208-48 : 757-19 259-98 1-29962 


Pentane in 1205-96 . 137-51 137-46 0-65710 
vacuum 1205-98 . 368-79 368-74 1-78672 

2 1208-46 : 534-31 534-19 2-48909 

1206-09 2: 520-28 517-74 2-52863 


Pentane in 1206-25 *497-14 782-47 285-33 1-48577 
carbon 1206-31 *497°70 954-47 456-77 2-27006 
dioxide 


Ether in 
vacuum 


?SOooo% 


Ether in 


oO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 


* Corrected for internal volume of weighing bulb. 


The results of these experiments are shown in the above table 
and, although in the case of ether they are less consistent than was 
to be expected from the precautions taken, yet they show a definite 
lowering of the unsaturated vapour pressure in the presence of 
carbon dioxide at a pressure of approximately 50 cm. of mercury. 
The effects of adsorption of ether upon the walls of the flask are 
very evident in that the unsaturated vapour pressure exerted by 
1 g. of vapour in 1 litre of space diminishes progressively as the 
actual concentration of vapour increases. In this connexion it 
should be noted that the flask received the same treatment before 
each determination; it was scoured with a solution of chromic and 
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nitric acids, washed thoroughly with pure water, alcohol and ether, 
and dried by passing through it a current of pure air. 

In comparing the unsaturated vapour pressures in a vacuum 
with those in carbon dioxide it is necessary, therefore, to consider 
corresponding vapour concentrations. Thus, if the results here 
recorded are plotted on a graph, the lowering of unsaturated vapour 
pressure on the basis of 1 g. of vapour per litre will be seen to vary 
from @ minimum of 3-4 mm. to a maximum of approximately 
5-9 mm. of mercury for ether in carbon dioxide at a pressure of 
approximately 50 cm. of mercury. 

In the case of pentane there is a grave irregularity in the results 
obtained which is difficult to understand. It would appear, how- 
ever, that the lowering of the unsaturated vapour pressure of 
pentane in presence of carbon dioxide is distinctly greater than the 
corresponding lowering of unsaturated vapour pressure of ether, 
but the results are put forward merely as indicating a general 
tendency. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, March 28th, 1929.] 





CLXX.—Studies in Complex Salts. Part II. The 
Preparation, Properties and Stability of Some Bis- 
dicarboxylato Copper Salts. 


By Harry Lister Ribey. 


Ir has been suggested (J., 1928, 2985) that an important factor 
governing the formation of a co-ordinate linkage between two ions 
is the distribution of the electric charges in the donor ion. If it 
were possible to compare the stabilities of a series of complex ions 
of the type [AX,], [AX,], [AX,], etc., in which A represents the 
same acceptor ion and X,, X,, Xs, etc., represent different donor 
ions, valuable information would be obtained as to the electron 
distribution in this series of ions. A survey of complex-salt 
chemistry indicated that such a comparison would present many 
difficulties, chiefly in the choice of a suitable series of complex ions, 
definitely recognised as such, the stabilities of which could be 
measured ; for those acceptor ions which form the largest numbers 
of complex ions are those which easily pass from one state of valency 


. to another and therefore render any measurements of ion con- 


centration by an electrode potential or conductivity method uncer- 
tain. It appeared possible, however, that a series of such measure- 
ments might be possible in the case of copper complex salts. The 
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complex-salt chemistry of copper was subjected to extended 
investigation by Pickering (J., 1911+-1915) with reference to its 
compounds with hydroxy-substituted carboxylic and dicarboxylic 
acids, but no attempt was made to correlate the compounds 
obtained with the co-ordination theory. It was therefore decided 
to investigate the nature of the compounds obtained when copper 
reacts in aqueous solution with certain dicarboxylic acids in order 
to determine whether or no a suitable series of similar complex 
copper salts could be obtained. The carboxylic acids chosen for 
this study were carbonic, oxalic, malonic, succinic, and phthalic. 
The nature of the double compound formed between copper 
carbonate and sodium carbonate has been studied by Reynolds 
(J., 1898, 73, 262), Gréger (Ber., 1901, 34, 429), Wood and Jones 
(Proc. Camb, Phil. Soc., 1907, 14, 171), Pickering (J., 1909, 95, 
1418; 1911, 99, 800), Applebey and Lane (J., 1918, 143, 610), 
Aldridge and Applebey (J., 1922, 121, 242), and de Carli and Agos- 
tini (Atti R. Accad. Lincei, 1928, 7, 921). The weight of evidence 
appears to be in favour of the formation of the compound 
Na,CO,,CuCO,,3H,0 and de Carli and Agostini have recently shown 
(loc. cit.) that one molecule of water is lost at 80° and the other 
two molecules at 120°. It would therefore seem correct on the 
co-ordination theory to formulate this compound as 
Na,[{Cu(CO;).(H,0).],H,O 
or as Na,f{Cu(CO,),(H,O),], in which one of the carhonato-groups 
occupies only one position in the co-ordinated complex. The 
double oxalate of lithium and copper was first prepared by Troost 
(Ann. Chim. Phys., 1857, 51, 143), who described it as a compound 
which forms sky-blue needles and has the formula 
Li,C,0,,CuC,0,,2H,0. 
No further study of the double oxalates appears to have been 
made. It has now been shown that the double sodiwm copper salt 
also crystallises in sky-blue needles which are readily soluble in 
water. The two molecules of water are not lost when the salt is 
kept in a vacuum. It is therefore probably best formulated as 
Na,[Cu(C,0,).(H,O),]. Malonic acid forms a similar compound, 
Na,[Cu(C,H,0,).(H,O).], which is a pale blue, sparingly soluble 
powder, and phthalic acid also forms a compound of the same type, 
Na,{Cu(C,H,0,),.(H,O),], which is easily. decomposed by water and 
is of a deep blue colour. Although none of these compounds has 
yet been resolved, it seems highly probable that the two molecules 
of water are co-ordinated with the copper, as they are not removed 
by desiccation in a vacuum and, what is perhaps more important, 
they occur in each of these four compounds. The copper ion is 
therefore apparently displaying a co-ordination number of six. 
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This view is supported by the work of Wahl (Soc. Sci. Fennicae, 
Comm. Phys. Math., 1927, 4, 1), who has resolved a compound 
very similar in type to the above, viz., diethylenediaminediaquo- 
cupric tartrate. 

The literature contains few references to the double alkali copper 
succinates. Reynolds (J., 1898, 73, 701) describes a compound of 
the formula CuK,(C,H,O,),,2H,O and Pickering (J., 1911, 99, 800) 
reports K,Cu(C,H,0,).. The suecinato- and the carbonato-com- 
pounds are, however, extremely unstable, existing in aqueous solu- 
tion only in presence of a very large excess of alkali succinate and 
carbonate respectively, and it was therefore decided to confine the 
quantitative measurements of stability to the oxalato-, malonato-, 
and phthalato-compounds. It seems, however, fairly certain that 
the carbonato- and succinato-compounds are of the same type, 
though considerably less stable than the others. In order to form 
some idea of the relative stabilities of the carbonato- and succinato- 
compounds the following experiment was performed. Some freshly 
etched copper was immersed for several weeks in a concentrated 
solution of sodium carbonate in an open flask. The intensity of 
the blue colour produced was compared with that formed in a 
solution of sodium succinate of similar strength, also containing a 
piece of copper. In the carbonate solution quite a deep blue 
colour was produced, whereas in the succinate solution only a very 
pale blue colour was formed; thus showing that the carbonato-ion 
has a greater tendency than the succinato-ion to co-ordinate with 
the copper. 

Preparation of Disodium Diaquodioxalatocupriate.—26:8 G. of 
pure sodium oxalate were dissolved in 800 c.c. of water and to the 
hot solution was added a concentrated solution of copper sulphate 
until a very faint turbidity was produced. This was cleared by the 
addition of a little more sodium oxalate solution and the resulting 
deep blue solution was filtered and allowed to crystallise. The 
dioxalato-compound separated in long, sky-blue needles, which were 
collected and washed with cold water until free from sulphate and 
then with alcohol and with ether. After drying in the air, the 
compound was analysed. The oxalate was estimated by direct 
titration with standard permanganate in hot acid solution. The 
copper was weighed as cuprous sulphide, and the sodium as sodium 
sulphate after separation of the copper with hydrogen sulphide 
(Found : C,O,, 54-51; Cu, 19-89; Na, 14-32. Na,[Cu(C,0,).(H,0).] 
requires C,0,, 54-73; Cu, 19-77; Na, 14:30%). No loss in weight 
occurred over concentrated sulphuric acid ina vacuum. The com- 
pound is fairly readily soluble in cold water, giving a deep blue 
solution ; - is only slightly decomposed by prolonged boiling, but 

TY 
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a precipitate of copper oxalate is produced at once on the addition 
of dilute hydrochloric acid. Calcium chloride gives a precipitate 
of calcium oxalate when added to the cold solution. 

Preparation of Disodium Diaquodimalonatocupriate—To 33-2 g. 
of sodium malonate, dissolved in 150 ¢.c. of water, were added 
25 g. of copper sulphate, dissolved in 100 c.c. of water. The deep 
blue solution produced was filtered quickly; on standing, it 
deposited the dimalonato-compound as a pale blue powder. This 
was collected, washed with cold water until free from sulphate and 
then with alcohol and with ether. After drying on a porous plate, 
the compound was analysed, copper and sodium being estimated 
as before and carbon and hydrogen by combustion (Found: 
Cu, 18-16; Na, 13-12; C, 20-63; H, 2:36. Na,[Cu(C,H,0,),(H,9),] 
requires Cu, 18-19; Na, 13-16; C, 20-60; H, 2:29%). No loss in 
weight occurred on drying in a vacuum. The malonato-compound 
is paler in colour than the oxalato and somewhat less soluble in 
water. 

Preparation of Disodium Diphthalatodiaquocupriate.—To a solution 
of 33-2 g. of phthalic acid in the equivalent quantity of aqueous 
sodium hydroxide were added 200 c.c. of 0-2M-copper sulphate 
(10 g. of CuSO,,5H,O). The large excess of phthalate was used in 
order to diminish hydrolysis. From the deep blue, filtered solution, 
nothing separated over-night, but on vigorous stirring the diphthalato- 
compound was precipitated in blue flakes, deeper in colour than the 
oxalato-compound. The diphthalato-compound apparently pos- 
sesses the property of forming highly supersaturated solutions. 
The separated solid was dried by thorough pressing between filter- 
papers ; it could not be washed, even with a cold 50% alcohol—water 
mixture, such treatment causing hydrolysis. The dried compound 
was free from sulphate (Found: Na, 9-81; Cu, 13-46; C, 40-59; 
H, 2-62. Na,[Cu(C,H,0,).(H,O),] requires Na, 9-71; Cu, 13-42; 
C, 40:54; H, 2.53%). Practically theoretical yields were obtained 
in each case. 

The constants of instability of these three compounds (?.c., 
[Cu**][_X-}/[CuX,--], where X =the carboxylato-ion) were 
measured by an electrode potential method, the following con- 
centration cell being used: Cu]|0-01M-CuSO,|Sat. KNO,|0-01/- 
CuSO, + 0-03M-Na,X|Cu, where Na,X represents the sodium salt 
of the dicarboxylic acid under consideration. Preliminary investig- 
ation showed that 0-03M-solutions of the dicarboxylic acid were 
most suitable for these measurements for two reasons; viz., the 
excess of free dicarboxylate being reduced to a minimum (the 
phthalato-compound just giving a clear solution under these con- 
ditions), the solvent action of the dicarboxylate on the copper 
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electrode, in presence of traces of oxygen, will also be reduced to a 
minimum; and secondly, the uncombined dicarboxylate may, in 
the calculation of the instability constant, be assumed, without 
any appreciable error being introduced, to be completely dis- 
sociated. The following assumptions were made in calculating the 
constants of instability: (1) [Cu* +] is given by the expression Z = 
RT /nF . log C,/C,; (2) the concentration of the undissociated com- 
plex ion present can be calculated from “total copper present 
minus [Cu+*]”’; (3) the concentration of the free dicarboxylato-ion 
is equal to the total dicarboxylate present (0-03M) less that united 
to the undissociated copper. 

The potential measurements were made by means of a metre 
bridge potentiometer, a capillary electrometer, and a standard 
Weston cell. The half-elements were small wide-mouthed glass 
bottles, of about 40 c.c. capacity, each carrying a rubber bung 
through which passed a piece of stout copper wire (S.W.G. 14) and 
the usual glass tubes. Four such half-elements were constructed and 
the copper electrodes, after being etched in dilute nitric acid, were 
washed, connected together, and plated (current density, 0-5 amp. 
per 100 sq. cm.) in a bath of the following composition: CuSO,,5H,O, 
30 g.; H,SO,, 10 g.; alcohol, 50 g.; water, 200g. The plating was 
continued for 48 hours, the circuit was then broken, and the elec- 
trodes, still connected together, were left in the plating solution for 
a further period of 3 days. They were then removed, rapidly rinsed 
with cold, air-free, distilled water, dried, and introduced at once 
into their respective half-element cells. 

The solutions used in the half-elements were made up from a 
standard solution of copper sulphate (0-1M) and standard solutions 
of the sodium salts of the respective dicarboxylic acids (0-12M). 
In the standard sodium oxalate solution, “reagent ’’ sodium 
oxalate, previously dried at 110°, was used. For the malonate and 
phthalate solutions the pure recrystallised acids were neutralised 
by the exactly equivalent quantities of carbonate-free, standard 
caustic soda, and the solutions made up to a definite volume. 
Before the copper sulphate solution was mixed with the solution 
of the sodium dicarboxylate, both solutions were boiled, to remove 
dissolved air, rapidly cooled, and made up to a definite volume 
with air-free, distilled water. The half-elements were completely 
filled with their respective solutions and tightly stoppered. By 
these means the amount of dissolved oxygen in the various solutions 
was reduced to a minimum. 

Some preliminary measurements indicating the variation of the 
potential of the concentration cells with the concentration of the 
sodium dicarboxylate are shown in Fig. 1. These results were 
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obtained with 0-02M-copper sulphate. Fig. 2 shows the variation 
of potential with time in cells containing 0-01M-copper sulphate 
and 0-03M-sodium dicarboxylate. The potentials were measured 
against the same 0-01.M-copper sulphate half-element. The poten- 
tials fell rapidly at first and then became steady after a few hours. 
The effect of admitting oxygen (at point A) is shown in the oxalate 
curve, a slow but steady fall resulting. This effect is not so marked 
with the malonate and the phthalate. The values obtained are 
reproducible to within 1 or 2 millivolts. All the measurements were 
carried out at room temperature. 


Fie. 1. 
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The values obtained for the constants of instability were as 


follows :— 
Potential [Cut +][X- “f+ 
Compound. (volt). [Cut +]. [X~-]. [CuX,-~]. [CuX,- . 
0-124 0-33 x 10% 0-0100 0-0100 0-33 x 10" 
‘o 0-089 0-54 x 10-5 0-0100 0-0100 0-54x10-’ 
Phthalato... 0-004 0-46x 10-7 0-0192 0:0054 0-31 x 10 


The concentration of the copper ions in 0-01M-copper sulphate 
at 18° is taken to be 0-629 x 10°? (see Noyes and Falk, J. Amer. 
Chem. Soc., 1912, 34, 475). 

The instability constant of the phthalato-compound cannot be 
considered strictly accurate owing to the comparatively high con- 
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centration of the copper ions. These experiments show, however, 
that the stabilities of the complex ions formed between copper 
and the various dicarboxylic acids are in the following decreasing 
order of stability: oxalato, malonato, phthalato, carbonato, and 
succinato. The chelate rings formed in the various ions would be 


>Cuc>00, Sout etc. The phthalato-compound is 
unique amongst complex salts in possessing two seven-membered 


chelate rings. 
Fie. 2. 
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At first sight it appears that the cause of this gradation of 
stability is the strain in the chelate ring and that the effects 
observed can be explained by purely steric considerations, the 
magnitude of the charge on the oxygen atom taking part in the 
Cu—O bond being a minor consideration. It will be shown, how- 
ever, in Part III of this series that strain, as a purely steric effect, 
is totally inadequate to account for the stability of certain sub- 
stituted malonic acid complex salts and that the chief factor govern- 
ing stability must be a polar one. It would be premature, however, 
to theorise as to the polar factors which govern the stability of the 
complex salts studied in this paper, as the chelate rings concerned 
contain different numbers of atoms and it is impossible to dis- 
criminate between strain and polar factors. 
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Summary. 


Copper forms with certain dicarboxylic acids complex salts of 
the type Na,[Cu(X),(H,O),] in which the copper is probably dis. 
playing a co-ordination number of six. 

The preparation of the dioxalato-, the dimalonato-, and the 
diphthalato-complex salts has been described. 

The stabilities of the complexes formed have been shown to be 
in the following decreasing order: oxalato, malonato, phthalato, 
carbonato, and succinato. 


The author wishes to express his thanks to Dr. H. J. T. Ellingham 
for the loan of apparatus and for advice on the measurement of the 
electrode potentials. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, March 28th, 1929.] 





CLXXI.—Nicotine Tetrachloroiodide. 


By Freperick Dante, CuaTTaway and GrorcEe Davip 


PARKES. 


THE authors have shown (J., 1924, 125, 183, 1980) that many organic 
bases form stable tetrachloroiodides, those of the simpler nitrogen 
bases and of diazonium salts having been described. As might be 
expected, similar derivatives of many alkaloids can be prepared, 
among which the tetrachloroiodide of nicotine presents features of 
interest, since no other equally well-crystallised derivative of nicotine 
is known. 

Nicotine tetrachloroiodide separates quantitatively when a solution 
of the base in hydrochloric acid is added to a similar solution of 
iodine trichloride. Since nicotine is a di-tertiary base, one molecule 
combines with two equivalents of tetrachloroiodic acid and the 
compound has the constitution C,,H,,N,,2HICI,. 

Nicotine tetrachloroiodide is a very stable substance; it can be 
kept without alteration for an indefinite period in an ordinary 
corked specimen tube, and does not lose weight when exposed for 
a considerable period in a vacuum desiccator over lime. It is 
decomposed by aqueous alkalis, and more slowly by water alone, 
giving mainly a mixture of free nicotine and nicotinic acid, together 
with iodate and iodide. 

The preparation of pure nicotine free from the small quantities 
of related alkaloids and other substances with which it is associated 
in the tobacco plant has hitherto presented considerable difficulty. 
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The tetrachloroiodide affords a ready means of effecting this separ- 
ation, since it can be obtained from the crude material in a state of 
purity with very little loss by recrystallisation from glacial acetic 
acid. On decomposing the pure tetrachloroiodide with sodium 
sulphite and making the solution alkaline with potash, pure nicotine 
is liberated, and can be extracted with ether. 

Well-crystallised ietrachloroiodides are also yielded by nicotinic 
acid (I), methyl N-methylnicotinate (II), and trigonelline (nicotinic 
acid methyl betaine) (ITI). 


CO,H-C;H,N-HIC]l, CO,Me-C;H,NMeICl, CO,H-C;H,NMe-ICl, 
(I.) (II.) (III.) 


EXPERIMENTAL 


Nicotine Tetrachloroiodide-—Ten g. of pure nicotine, dissolved in 
20 c.c. of cooled concentrated hydrochloric acid, were added to a 
solution of iodine trichloride prepared by saturating a suspension of 
8 g. of iodine in 100 c.c. of concentrated hydrochloric acid with 
chlorine. A thick yellow precipitate at once separated. A slow 
stream of chlorine was passed through the mixture for a short time. 
The precipitate was then filtered off, washed with a little concen- 
trated hydrochloric acid, and recrystallised from hot glacial acetic 
acid containing a little iodine trichloride, a slow stream of chlorine 
being passed through the solution during cooling; nicotine tetra- 
chloroiodide separated in very beautiful, orange prisms, m. p. 150° 
(decomp.) (Found: Cl, 40-7; I, 35-8. C, H,,N,Cl,I, requires 
Cl, 40-5; I, 36-1%). 

Nicotinic Acid Tetrachloroiodide.—To a solution of 10 g. of nicotinic 
acid in 150 c.c. of concentrated hydrochloric acid, 20 g. of powdered 
iodine were added. Chlorine was then passed until the whole was 
saturated. Nicotinic acid tetrachloroiodide separated as a bright 
yellow precipitate. This was filtered off and recrystallised from a 
mixture of equal parts of concentrated hydrochloric acid and 
glacial acetic acid to which a little iodine trichloride had been added, 
small yellow needles, m. p. 137°, very slowly separating (yield, 30 g. 
Theoretical yield, 31-5 g.) (Found: Cl, 36-35. C,H,;0,N,HICI, 
requires Cl, 36-1%). 

Nicotinic acid tetrachloroiodide is insoluble in water and con- 
centrated hydrochloric acid. It is decomposed by aqueous sodium 
sulphite, nicotinic acid being re-formed. 

Methyl N-methylnicotinate tetrachloroiodide, prepared similarly, 
crystallises from hot glacial acetic acid, containing a little iodine 
trichloride, in bright yellow needles, m. p. 110° (Found : Cl, 33-6. 
C,H, 90,NCI,I requires Cl, 33-7%). 
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Trigonelline similarly forms a tetrachloroiodide, which erystallises 
from a mixture of glacial acetic acid and hydrochloric acid, to which 
a little iodine trichloride has been added, in small, bright yellow 
prisms, m. p. 122° (Found: Cl, 347. C,H,O,NCI,I requires 
Cl, 34-9%). 

Decomposition of Nicotine Tetrachloroiodide by Sodium Sulphite.— 
Nicotine tetrachloroiodide (50 g.), suspended in 80 c.c..of water and 
cooled to 0°, was added gradually, with constant stirring, to a cooled 
solution of 40 g. of sodium sulphite in 200 c.c, of water. Sodium 
hydroxide (40 g., dissolved in 100 c.c. of water) was then added, and 
the whole extracted four times with ether. After the extract had 
been dried with anhydrous potassium carbonate, and the ether 
evaporated, the residue was distilled in a current of hydrogen, 
10 g. of pure nicotine, b. p. 249—250°, being obtained (yield, 90%). 

Preparation of Pure Nicotine Tetrachloroiodide from Technical 
Nicotine—Two recrystallisations from glacial acetic acid were 
found sufficient to free the crude nicotine tetrachloroiodide from the 
tetrachloroiodides of the other bases present in technical nicotine. 

100 G. of commercial nicotine were dissolved in 200 c.c. of con- 
centrated hydrochloric acid and added to a solution of iodine 
trichloride obtained by passing excess of chlorine through a suspen- 
sion of 80 g. of iodine in 400 c.c. of concentrated hydrochloric acid. 
The thick yellow precipitate which separated was twice recrystallised 
from 750 c.c. of hot glacial acetic acid (containing a little iodine 
trichloride), 372 g. of pure nicotine tettachloroiodide, m. p. 150°, 
being obtained. 

Isolation of Pure Nicotine from Tobacco.—T wo hundred g. of dried, 
powdered tobacco (dark rag tobacco) were ground with a solution of 
80 g. of sodium hydroxide in 1000 c.c. of water and steam-distilled. 
The bulk of the nicotine came over in the first 1400 c.c. and when 
1800 ¢.c. had been collected, no nicotine could be detected in the 
distillate. The aqueous distillate was cooled, saturated with 
hydrogen chloride, and a solution of iodine trichloride in hydrochloric 
acid (containing 12 g. of iodine) was added. The thick yellow preci- 
pitate which separated was filtered off and twice recrystallised from 
50 c.c. of glacial acetic acid containing a little iodine trichloride, 
22 g. of pure nicotine tetrachloroiodide being obtained. This, when 
decomposed with 10 g. of sodium sulphite and extracted as described 
above, yielded 4:5 g. of pure nicotine. 

Decomposition of Nicotine Tetrdchloroiodide by Caustic Alkalis.— 
Ten g. of nicotine tetrachloroiodide were added gradually to a 
cooled solution of 4 g. of sodium hydroxide in 50 ¢.c. of water. 
Much heat was developed and a small quantity of tarry matter 
separated, which was filtered off. The filtrate was extracted re- 
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peatedly with ether. On evaporation of the ether, 1-5 g. of nicotine 
were obtained. The aqueous liquid from which the nicotine had 
been extracted was then made acid with hydrochloric acid and 
evaporated to dryness, and the residue extracted with a little 
concentrated hydrochloric acid. The acid extract was added to 
excess of a solution of tetrachloroiodic acid; 1-7 g. of nicotinic acid 
tetrachloroiodide then separated as a bright yellow solid. 

Ten g. of nicotine tetrachloride thus yielded nicotine and nicotinic 
acid corresponding to 6-75 g. and 3-16 g., i.e., to 99% of the tetra- 
chloroiodide used. 


THE QUEEN’s COLLEGE, OxFrorD. [Received, April 6th, 1929.] 





CLXXII.—New Polynuclear Co-ordination Compounds 
of Cobalt. 


By EpmMuND GrorGE VINCENT PERCIVAL and WILLIAM 
WaRDLAW. 


THE polynuclear metal-ammines have, in many cases, somewhat 
complex empirical formule, but by the application of simple rules 
their probable configurations can be deduced. 

Werner assigned an octahedral distribution to the units associated 
with the central cobalt, chromium, or platinum atom and demon- 
strated that it was possible to link such octahedra at one, two or 
three points by suitable bridge atoms or groups. He specially 
emphasised that in such polynuclear complexes the metallic atoms 
are never directly linked with one another. 

Werner explained that an OH or NH, group was able to link two 
cobalt atoms because the oxygen or nitrogen atom possessed both 
principal and auxiliary valency. The electronic theory of valency, 
however, presents a clearer explanation of why these and similar 
groups can act as linkages in the same way as O, 0, SO,, C,0,, NH. 
In the latter type of linkage the metal atoms form non-polar single 
bonds with the associating unit, whilst the other linkages are con- 
nected by one non-polar bond and one co-ordinate link. 

The exact structure of salts containing the O, linkage is still 

Co-O-Co_ 
unsettled. For such a linkage the structures 5 and 
Co-O-O-Co are both possible. A real difficulty arises, however, 
when an attempt is made to assign a suitable configuration to the 
product formed by the oxidation of such a compound as 

[(NH,),Co-O,-Co(NH,);]X,. 
The dark green substance obtained is stated by Werner to contain 
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the oxygen molecule in a much more stable condition than before 
the oxidation, and he formulates the new product as 
[(NH,),Co™—O,-Co’(NH3);]X;. 

This formulation postulates the co-existence of ter- and quadri- 
valent cobalt and has been employed by Werner to give a suitable 
configuration to a large number of polynuclear cobalt ammines 
(‘“‘ Neuere Anschauungen auf dem Gebiete der Anorganischen 
Chemie,” 1920 ed., pp. 293 et seq.). 

A more satisfactory explanation is difficult to find in spite of the 
fact that such a formulation means, in the special case mentioned 
above, that two atoms of cobalt with effective atomic numbers of 
36 form a less stable association with an oxygen molecule than one 
atom of effective atomic number 35 and another of effective 
atomic number 36. 

Nevertheless Werner concluded from an investigation of a large 
range of metal-ammines that the maximum co-ordination number of 
the cobalt was 6 irrespective of whether the metal was ter- or quadri- 
valent. 

It was this conclusion that led Bucknall and Wardlaw (J., 19238, 
2648) to reinvestigate the reaction which takes place when dry air is 
drawn through an alcoholic solution of cobaltous chloride containing 
allylamine. As a result they concluded that the product obtained 
was not [20,Co6R]Cl,,H,O0,, containing cobalt with a co-ordination 
number of 8 as previously described by Pieroni (Gazzetta, 1921, 
51, i, 42), but a polynuclear complex of the probable configuration 
(I; R = CH,:CH-CH,°NH,), where the cobalt has valencies of 3 and 
4 and a co-ordination number of 6. 


0; 
f 3R- CoC OH SCo- a Cl, “SR’-CoLOH ts aR Cl, 
cs ip. 
(I.) (II.) 


In view of the isolation of this compound from a non-aqueous 
solvent it seemed of interest to determine whether the reaction was 
typical of amines generally and whether the same type of product 
was always obtained. 

Experiments soon indicated that certain amines such as aniline, 
pyridine, and quinoline formed products which were not amenable 
to further oxidation by the method outlined above. Aniline, for 
example, gave an insoluble blue compound of the composition 
CoCl,,2C,H;-NH, which on recrystallisation from aleohol yielded 
the red substance CoCl,,2C,H,;-NH,,2C,H,-OH (Lippmann and 
Vortmann, Ber., 1878, 11, 1069). It seems highly probable that in 
this case there is formed the very stable co-ordination compound 
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[CoCl,-2C,H;(NH,)-2C,H,(OH)], which is unaffected by atmospheric 
oxygen. 

Of a large number of amines investigated, satisfactory results 
were only recorded in the case of propylamine and benzylamine and 
the reaction with allylamine was confirmed. With ethylamine the 
reaction appeared to follow a similar course, but the yield of product 
was insufficient for complete analysis. It is not without significance 
that each amine contains the group CH,*NHg, viz., CH,-CH’CH,’NH,, 
C,H,"CH,"NH, and C,H;*CH,-NHg. 

In all cases the amine occupies one position in the co-ordination 
sphere; the products from the reaction with allylamine and propyl- 
amine have the general formula (I), and the product from benzyl- 
amine the formula (II). 

In formula (I) both ter- and quadri-valent cobalt atoms are 
present, whereas in (II) both cobalt atoms are tervalent. Cobalt 
exhibits throughout a co-ordination number of 6. 


EXPERIMENTAL. 
The ethyl alcohol used in the following experiments was dried by 
refluxing and distilling it twice over barium oxide and twice over 
calcium turnings. The amines were purchased samples dried by 


two distillations over sodium. 

The red compound (I; R = CH,:CH-CH,°NH,) produced by the 
oxidation of a mixture of cobaltous chloride (dried at 140°) in dry 
alcohol in the presence of dry allylamine (Bucknall and Wardlaw, loc. 
cit.) has again been prepared and analysed (Found: Co, 18-5; 
Cl, 16-7; C, 33°7; H, 7-1; N, 13:5. Cale.: Co, 18-6; Cl, 16-8; 
C, 341; H, 7-0; N, 133%). 

Hexa-allylamineperoxodihydroxodicobalt Trinitrate (formula as I).— 
To a solution (40 c.c.) of the complex chloride (2 g.) in water, pure 
nitric acid (1 c.c.) was added. The pink precipitate produced was 
washed free from acid with water and dried in a vacuum over calcium 
chloride (Found: Co, 16-6; N, 17-6. C,,H,,0,,;N,Co, requires 
Co, 16-6; N, 17:7%). 

These results confirm those set out in the previous communication 
and disprove the formula proposed by Pieroni (loc. cit.) for the com- 
plex chloride. 

Hexapropylamineperoxodihydroxodicobalt Trichloride (I; R= 
Pr«NH,).—To a saturated solution of cobalt chloride (dried at 140°) 
in dry alcohol (75 c.c.), dry n-propylamine (20 c.c.) was added in 
small quantities with constant shaking. Considerable heat was 
evolved and a bluish-red solution resulted, from which, however, no 
addition compound separated even on cooling in a freezing mixture 
(compare cobalt allylamines). The mixture was oxidised for about 
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30 hours by means of a slow stream of air, washed and dried by 
passage through soda lime tubes and sulphuric acid bubblers. The 
red crystalline precipitate which separated was washed with dry 
alcohol and dried in a vacuum over calcium chloride. 

Cobalt was estimated as sulphate by ignition of the substance with 
sulphuric and nitric acids in an air-bath, gradually raised to about 
410°. Chlorine was estimated as silver chloride after removal of 
cobalt as hydroxide on the addition of sodium hydroxide to a 
solution of the substance (Found: Co, 18-5; Cl, 166; C, 33-2; 
H, 8-6; N, 13-1. C,,H;,0,N,Cl,Co, requires Co, 18-3; Cl, 16-5; 
C, 33-5; H, 8-7; N, 13-0%). 

The complex chloride is very soluble in water, giving a neutral 
solution, and the addition of nitric acid produces, as in the case of 
the allylamine complex, an insoluble nitrate, all the chlorine having 
been displaced. Heated to 70°, an aqueous solution of the salt 
yields brown cobalt hydroxide and propylamine is liberated. 
Ammonium sulphide immediately precipitates cobalt as sulphide. 
Concentrated hydrochloric acid gives a green solution. The com- 
plex salt liberates iodine from potassium iodide solution on warming. 

Molecular-weight determinations. The molecular weight of the 
complex chloride was determined by the depression of the freezing 


point of water. If the above formula is correct, four ions should be 
present in solution and the apparent molecular weight should be 
about 160 when ionisation is complete. The results furnish evidence 
in favour of this formulation : 


G. of substance Conc. (mols. per Osmotic Apparent 

per 100 g. water. 1000 g. water). factor. mol. wt. 
1-251 0-01941 3°32 194 
1-634 0-02536 3°13 205 
1-822 0-02827 3-12 206 


Molecular-conductivity determinations. The molecular conduc- 
tivity of the complex chloride was found for various dilutions at 0° : 


v (litres /mol.)..........ccecseesees 35-4 70-8 141-6 °283-2 566-4 
94-7 108-4 132-0 140-0 145-0 


The values of the molecular conductivities of two typical salts at 
0° are given for comparison : 


v (litres/mol.) 64 128 256 512 1024 
K,Fe(CN), 227 243 254 264 282 
K,W(CN), 224 238 250 259 264 


From the results for the complex chloride, y,, is estimated to be 
about 180. The values of u, as in the case of the corresponding 
allylamine derivative, are less than would be expected for a normal 
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four-ion compound. They are, however, in accordance with the 
formula if it is assumed, as is probably the case, that the large 
complex ion is slow-moving. 

Hexabenzylaminetrihydroxodicobalt Trichloride (Il; R’= 
C,H,*CH,"NH,).—To a saturated solution of cobaltous chloride 
(20 g., dried at 140°) in 200 c.c. of dry alcohol, dry benzylamine 
(25 g.) was added slowly with shaking ; a white precipitate separated. 
The mixture was oxidised for about 150 hours by a slow current of 
air, dried and purified as previously described. The purple-red 
crystalline product was washed with alcohol and dried in a vacuum 
over calcium chloride (Found : Co, 12-7; Cl, 11-6; C, 542; H, 6-2; 
N, 9:2. CyH;,0,N,Cl,Co, requires Co, 12-9; Cl, 11-6; C, 54-9; 
H, 6-2; N, 92%). 

The complex salt is very similar in colour to purpureo-cobaltic 
chloride, and is insoluble in water and alcohol, physico-chemical 
measurements thus being precluded. A suspension in water 
decomposed on being heated to 70°, with formation of cobalt 
hydroxide and the liberation of benzylamine and benzaldehyde. 
Cold concentrated nitric acid did not form a nitrate as in the two 
previous cases. Iodine was not liberated from potassium iodide 
solution by this salt (unlike the peroxo-compounds) on warming in 
the presence of acetic acid. 

Oxidation of Cobaltous Chloride in Alcohol in the Presence of Other 
Amines.—Ethylamine. On the addition of the amine a violet 
solution was obtained which yielded on oxidation a red liquor, from 
which a small quantity of solid separated. The yields, however, 
were always very small. 

Ethylenediamine. The amine was thoroughly dried over sodium. 
Many experiments were carried out, but the brown product isolated 
was of variable composition. It was, however, capable of recrys- 
tallisation from aqueous alcohol and the chief product after this 
treatment was triethylenediaminecobaltic chloride, 

[Co3 en JCl,,3H,0 ; 
a small quantity of a red compound was also isolated. The above 
complex salt was also obtained when ethylenediamine was oxidised 
in aqueous solution in the presence of cobaltous chloride. 

Methylamine, diethylamine, and piperidine. These bases always 
gave greenish precipitates, however thoroughly the drying process 
was carried out. In no case was the characteristic red oxidised 
solution produced. 

It is evident that oxidation of cobaltous chloride in aleohol in the 
presence of amines does not always produce polynuclear complexes. 
So far, only primary amines containing the CH,"NH, group have 
been satisfactory for this purpose. 
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CLXXIII.—1-Methoxy-derivatives of Thioxanthone. 
By KENNETH CHARLES RoBERTS and SAMUEL SMILEs. 


It has been shown (this vol., p. 863) that the basic character of the 
thioxanthone nucleus as indicated by the stability of the salts is 
promoted by the presence of methoxyl; this influence does not 
primarily depend on the number of methoxyl groups but rather on 
their position. The influence of the 1-methoxyl group is remarkable, 
the salts formed from 1-methoxy-thioxanthones having character- 
istic physical properties and being more stable than those yielded 
by other methoxy-derivatives. Further evidence of this distinctive 
effect of 1-methoxyl has now been obtained. 

When p-methoxyphenol is treated in the usual manner with 
2-thiolbenzoic acid, the two possible hydroxymethoxythioxanthones 
(I and II) are formed. One of these gave a characteristic diaceto- 
borate, from which ‘the original material was regenerated by 
hydrolysis; this substance must therefore be (Dimroth, Annalen, 
1926, 446, 97) the 1-hydroxy-4-methoxy-derivative (I). The iso- 
meride was thus evidently the 4-hydroxy-1-methoxythioxanthone (I1), 
and accordingly it did not yield a diacetoborate but was merely 
acetylated by the boroacetic anhydride; also it was easily converted 
by aqueous alkaline methylation into 1 : 4-dimethoxythioxanthone. 


S OMe S OH 


) [ S<Eo>C:0>H | x 
\4 gH, 
O OH O OMe (III.) 


(I.) (II.) 
The separation of the two substances was readily effected by 
hydrochloric acid or by aqueous alkali hydroxide, in both of which 
the 4-hydroxy-l-methoxy-derivative is soluble. The insolubility 
of 1-hydroxy-4-methoxythioxanthone in aqueous alkali is note- 
worthy. The basic character of these isomerides was examined 
by the methods previously described (loc. cit., p. 867). The 
results, which are collected below, together with data from the 
1: 4-dihydroxy- and dimethoxy-thioxanthones for comparison, 
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show the distinctive effect of the 1-methoxyl group and amplify the 
evidence previously adduced. 
Mols. HCl Colour Titration 
Derivative. of salts. (c.c.). 

4-Hydroxy-1-methoxy crimson 28 
1-Hydroxy-4-methoxy — 6 
1 : 4-Dihydroxy -_ 4—5 
1 ; 4-Dimethoxy crimson 28 

In expressing the structure of the salts of thioxanthone and its 
derivatives the views of Pfeiffer (“Organische Molekulverbindungen,” 
Stuttgart, p. 192) on the character of salts and additive products of 
ketones have been adopted. These lead in the first instance to the 
formulation (III); expressions involving the o-quinonoid (IV) or the 
corresponding quinocarbonium structures have been avoided, 
since the salts in question are difficult to reduce and do not exhibit 
the characteristics usually associated with such systems. The 
distinctive effect of the 1-methoxyl group on the stability and 
physical character of the salts is readily explained by the assumption 
that in these hydrogen, exerting the dicovalence for which Sidgwick 
( Electronic Theory of Valency,” 1927, p. 72; J., 1924, 125, 532; 
also Werner, “‘ Neuere Anschauungen,”’ 1913, p. 259) has adduced 
ample evidence, plays the part of a chelate member of a ring 


system (V). 
S 


O 
ag 

(vI.) B(OAc), 

S 


(MeO),C,3H,SC:07 


(VIL) (VIII.) 


Me 
K 
SnCl, 


Evidence in support of this view is forthcoming from independent 
‘sources. The absorption curves of the hydrochlorides of 1-methoxy- 
derivatives are characteristic and differ remarkably from those of 
the parent substances and from those of the hydrochlorides of other 
methoxythioxanthones. This is illustrated by the accompanying 
figures. Fig. 1 shows (a and 5) the absorption curves of the hydro- 
chlorides of 2 : 3-dimethoxy- and 2 : 3 : 4-trimethoxy-thioxanthones 
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It has been shown (this vol., p. 863) that the basic character of the 
thioxanthone nucleus as indicated by the stability of the salts is 
promoted by the presence of methoxyl; this influence does not 
primarily depend on the number of methoxyl groups but rather on 
their position. The influence of the 1-methoxyl group is remarkable, 
the salts formed from 1-methoxy-thioxanthones having character- 
istic physical properties and being more stable than those yielded 
by other methoxy-derivatives. Further evidence of this distinctive 
effect of 1-methoxyl has now been obtained. 

When p-methoxyphenol is treated in the usual manner with 
2-thiolbenzoic acid, the two possible hydroxymethoxythioxanthones 
(I and II) are formed. One of these gave a characteristic diaceto- 
borate, from which the original material was regenerated by 
hydrolysis; this substance must therefore be (Dimroth, Annalen, 
1926, 446, 97) the 1-hydroxry-4-methoxy-derivative (I). The iso- 
meride was thus evidently the 4-hydroxy-1-methoxythioxanthone (II), 
and accordingly it did not yield a diacetoborate but was merely 
acetylated by the boroacetic anhydride; also it was easily converted 
by aqueous alkaline methylation into 1 : 4-dimethoxythioxanthone. 
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(I.) (II.) 
The separation of the two substances was readily effected by 
hydrochloric acid or by aqueous alkali hydroxide, in both of which 
the 4-hydroxy-l-methoxy-derivative is soluble. The insolubility 
of 1-hydroxy-4-methoxythioxanthone in aqueous alkali is note- 
worthy. The basic character of these isomerides was examined 
by the methods previously described (loc. cit., p. 867). The 
results, which are collected below, together with data from the 
1: 4-dihydroxy- and dimethoxy-thioxanthones for comparison, 
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show the distinctive effect of the 1-methoxyl group and amplify the 
evidence previously adduced. 
Colour Titration 
Derivative. . of salts. 

4-Hydroxy-1-methoxy crimson 
1-Hydroxy-4-methoxy — 
1 : 4-Dihydroxy — 
1 ; 4-Dimethoxy crimson 

In expressing the structure of the salts of thioxanthone and its 
derivatives the views of Pfeiffer (‘Organische Molekulverbindungen,”’ 
Stuttgart, p. 192) on the character of salts and additive products of 
ketones have been adopted. These lead in the first instance to the 
formulation (III); expressions involving the o-quinonoid (IV) or the 
corresponding quinocarbonium structures have been avoided, 
since the salts in question are difficult to reduce and do not exhibit 
the characteristics usually associated with such systems. The 
distinctive effect of the 1-methoxyl group on the stability and 
physical character of the salts is readily explained by the assumption 
that in these hydrogen, exerting the dicovalence for which Sidgwick 
(“ Electronic Theory of Valency,” 1927, p. 72; J., 1924, 125, 532; 
also Werner, ‘“‘ Neuere Anschauungen,”’ 1913, p. 259) has adduced 
ample evidence, plays the part of a chelate member of a ring 


system (V). 
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Evidence in support of this view is forthcoming from independent 
‘sources. The absorption curves of the hydrochlorides of 1-methoxy- 
derivatives are characteristic and differ remarkably from those of 
the parent substances and from those of the hydrochlorides of other 
methoxythioxanthones. This is illustrated by the accompanying 
figures. Fig. 1 shows (a and 6) the absorption curves of the hydro- 
chlorides of 2 : 3-dimethoxy- and 2 : 3 : 4-trimethoxy-thioxanthones 
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with that of 1 : 4-dimethoxythioxanthone taken alone in alcohol 
(c); Fig. 2 illustrates the curves obtained from the hydrochlorides 
of 1 : 4-dimethoxy-(d), 4-hydroxy-l-methoxy-(e), and 1-methoxy-4. 
methyl-(f) thioxanthones. It is also remarkable that the diaceto- 
borates of the 1-hydroxy-derivatives show absorption curves which 
are closely similar to those of the 1-methoxy-hydrochlorides; those 
obtained from the diacetoborates of 1 : 4-dihydroxy-(g) and 1. 
hydroxy-4-methoxy-(h) thioxanthones are shown also in Fig. 2. 
These diacetoborates undoubtedly possess (Dimroth, Annalen, 
1926, 446, 97) a co-ordinate ring (VI) of similar type to that now 
assigned to the 1-methoxy-hydrochlorides. 


Fie. 1. Fie. 2. 
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Solid curves: hydrochlorides (except c). Dotted curves : diacetoborates. 


Moreover Pfeiffer (loc. cit.) has shown that the additive compounds 
of ketones and stannic chloride have the composition (R,CO),Sn(C\,, 
in which tin preserves the usual co-ordination number 6. 2 : 3-Di- 
methoxythioxanthone accords with other ketones in this respect, 
giving a yellow stannichloride of normal composition (VII); but 
1 : 4-dimethoxythioxanthone yields a red stannichloride containing 
equimolecular proportions of the reactants. Assuming that in this 
substance tin preserves the usual co-ordination number (6), it is 
evident that 1: 4-dimethoxythioxanthone offers two centres of 
co-ordination (VIII); this is an essential feature of the structure 
proposed for the kation of the salts (V). In conclusion, it must be 
remarked that the structure as expressed is not meant to imply that 
the sulphur is without influence on the basic character of the thio- 
xanthone nucleus; there is, on the contrary, evidence that this 
property is profoundly influenced by the state. of the sulphur present. 
For example, the dioxides of the thioxanthones examined do not 
show basic character in the methods used in these experiments. A 
similar effect is evident in the character of 1-hydroxy-derivatives of 
thioxanthone. All those hitherto obtained are insoluble in aqueous 
alkali hydroxide, whilst the corresponding sulphones yield charac- 
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teristic red salts with this reagent. Another interesting feature of 
these 1-methoxy-derivatives of thioxanthone is found in the ease 
with which they are demethylated. This and other features will 
be the subject of a future communication. 


EXPERIMENTAL, 

1-Hydroxy-4-methoxythioxanthone (I).—p-Methoxyphenol (8 g.) 
was added in portions to a stirred solution of 2-thiolbenzoic acid 
(3 g.) in sulphuric acid (60 c.c.). After 15 minutes (15°), the mixture 
was poured into water (800 c.c.). The solid material was then 
digested with aqueous sodium hydroxide (2), in which the required 
1-hydroxy-4-methoxy-derivative was insoluble and 4-hydroxy-1- 
methoxythioxanthone and most impurities readily dissolved. The 
residue (ca. 50% of crude material) separated from acetic acid in 
orange-red needles, m. p. 182° (Found : C, 64-7; H, 3-9. C,,H,,0,8 
requires C, 65-1; H, 3-8%). The substance was insoluble in warm 
| concentrated hydrochloric acid and did not yield a hydrochloride 
with the dry reagent. A perchlorate was not formed under the 
usual conditions. A purple sodium derivative was formed when 
sodium ethoxide was added to a benzene solution of the substance. 
The acetyl derivative; prepared in the usual way, had m. p. 138° 
(Found: C, 63-8; H, 4-0. C,,H,,0,8 requires C, 64:0; H, 4-0%). 
The diacetoborate separated in deep red needles from a solution of 
the substance in acetic anhydride containing boroacetic anhydride ; 
it had m. p. 205° and was decomposed by boiling water, yielding the 
original material (m. p. 182°). Analysis was made by weighing 
this product [Found: C,,H,,0,8, 67-0. C,,H,O,S-B(O-CO-CH;), 
requires C,,H,)0,8, 66°8%]. 

1-Hydroxy-4-methoxythioxanthone dioxide, 

CoH <eee>C,H,(OH)-OMe, 

was obtained when acetic acid containing the suspended thio- 
xanthone and hydrogen peroxide (50% excess) was warmed (100°; 
2 hrs.). It separated from the cooled liquid and after purification 
from acetic acid formed orange needles, m. p. 184° (Found: C, 
577; H, 3-4. C,,H,,0O,S requires C, 57-9; H, 34%). The 
sparingly soluble red sodium salt separated in needles from a hot 
solution in aqueous sodium hydroxide. The substance was also 
isolated from the alkylation of 1 : 4-dihydroxythioxanthone 
dioxide under intense conditions (J., 1928, 3158). 

4-Hydroxy-1-methoxythioxanthone (II) was isolated from the crude 
material resulting from the condensation of p-methoxyphenol and 
2-thiolbenzoic acid as described. This was treated with warm 
concentrated hydrochloric acid until the extract was no longer 
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coloured. The residue contained the isomeric 1-hydroxy-derivative, 
which was purified by alkali hydroxide as described in a previous 
paragraph. The cooled acid solution deposited the hydrochloride 
of the required substance; this was decomposed by hot water, and 
the resulting material, crystallised from alcohol, formed yellow 
needles, m. p. 270° (decomp.) (Found : C, 64-9; H, 3-8. C,,4H,,0,8 
requires C, 65:1; H, 38%). The crimson dihydrochloride was 
obtained. by reaction with dry hydrogen chloride (Found: H(i, 
22-2. C,,H,,0,S,2HCl requires HCl, 22-0%) and the perchlorate 
was isolated by adding perchloric acid to a benzene solution 
of the substance which had been treated with hydrogen chloride 
(Found: HCIO,, 28-1. C,,H, 90,8,HCIO, requires HCIO,, 28-0%). 
Aqueous alkaline methylation readily yielded 1 : 4-dimethoxy. 
thioxanthone. A hot solution in acetic anhydride containing 
boroacetic anhydride deposited yellow needles of the acetyl derivative, 
m. p. 133° (Found: C, 64-0; H, 4-0. C,,H,,0,S requires C, 64; 
H, 40%); no boroacetate was obtained. Attempts to isolate the 
corresponding sulphone by oxidising the substance in acetic acid 
with hydrogen peroxide were unsuccessful, the material being 
decomposed. This result is in striking contrast to the behaviour of 
the 1-hydroxy-4-methoxy-derivative described above. 

The stannichlorides were obtained by addition of stannic chloride 
to benzene solutions of the thioxanthone derivatives. The séanui- 
chloride of 2: 3-dimethoxythioxanthone (VII) was isolated as 
yellow needles [Found: Sn, 148. (C,;H,,0,8),,SnCl, requires 
Sn, 14-7%]. The stannichloride of 1 : 4-dimethoxythioxanthone 
(VIII) formed crimson needles (Found : Sn, 21-7. C,;H,,0,8,Sn(, 
requires Sn, 223%), which were hydrolysed by water, yielding 
1 : 4-dimethoxythioxanthone. Evidently demethylation similar to 
that effected by Pfeiffer in the case of the analogous stannichloride 
of alizarin dimethyl ether (Annalen, 1913, 398, 141) had not taken 
place during the preparation of the substance. 

The data referring to the relative stability of the salts of 1-hydroxy- 
4-methoxy- and 4-hydroxy-1-methoxy-thioxanthones were obtained 
under the conditions described in a former communication (this vol., 
p. 863) and are comparable with these. ; 

The absorption spectra of the hydrochlorides (Fig. 1, @ and }; 
Fig. 2, d, e, and f) were obtained from solutions of the respective 
thioxanthones in concentrated hydrochloric acid, and the spectra 
of the diacetoborates (Fig. 2, g and h) were obtained from solutions 
in acetic anhydride. 


Kinq’s Cottece, Lonpon. [ Received, May 15th, 1929.) 
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CLXXIV.—Methylation of dl-Glyceraldehyde. 
By H. Gorpon REEvEs, 


AtrHouGH dl-glyceraldehyde usually reacts in the bimolecular 
form (Reeves, J., 1927, 2477), there are two possible structures for 
the unimolecular form, viz., 


CH-OH CH-OH 
= iy 
(L) CH—O H-OH 0 (I) 


bu.-on CH; 


It seemed that complete methylation, hydrolysis, and reduction 
would determine which of these represents the unimolecular form, 
for (I) should give «-methy] glycerol, 


CH-OMe CH- x CH-OH CH,-OH 
bao bao =x Ge 

Ho <> — =3 CH—0 => CHOH 
H,-OH be. -OMe bet, -OMe H,-OMe 


and (II) should give 8-methyl glycerol, OMe-CH(CH,°OH),. 
Unfortunately, it has as yet been found impossible to obtain a 
completely methylated derivative. A bimolecular monomethyl 
compound has been isolated for which the formula 
CH(CH,°OH)-CH(OMe 
O<CH(OM.)-CH(CH,-OH) 0 
is suggested, the secondary hydroxyl groups apparently being 
methylated with more ease than the primary ones. 
Fischer and Taube (Ber., 1927, 60, 1704) obtained in good yield 
from the diacetyl derivative of glyceraldehyde a bimoiecular 
methyl cycloacetal, m. p. 158-5—159-5°, crystallising in needles, for 


Pr CH:CH,OH\) 4g t 
which they suggested the formula (o< (H-OMe ),- oes no 


wa 


agree in properties with the compound that has now been obtained 
by the methylation of glyceraldehyde at the ordinary temperature. 


EXPERIMENTAL, 


Methylation of Glyceraldehyde with Methyl Sulphate and Sodium 
Hydroxide.—In the apparatus described by Haworth (J., 1915, 107, 
11), a solution of 2 g. of glyceraldehyde in 90 c.c. of water was 
warmed to 35°, 1-6 c.c. of methyl sulphate were added, and 3-2 c.c. 
of methyl sulphate and 2-6 c.c. of 30% sodium hydroxide solution 
were simultaneously introduced during 3 hours. Thereafter the 
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following additions of methyl sulphate and the alkali solution were 
made: at 45°, 0-8 c.c. and 13 c.c.; after 12 hours, 0-8 c.c. and 
1-3 c.c. at 55°; after 2 hours, 0 c.c. and 2-7 c.c., causing slight 
alkalinity; at 70°, 2-7 c.c. and 4-2 c.c. during 1 hour. The water. 
bath was finally boiled for } hour. After 48 hours, the reaction 
mixture had become brown and did not reduce Fehling’s solution. 
A chloroform extract of it, after being dried with anhydrous 
magnesium sulphate and evaporated in a vacuum, gave a 10%, 
yield of a pale yellow oil, which was soluble in water and did not 
reduce Fehling’s solution [Found: OMe, 21:9; M, cryoscopic in 
water, 220. (C,H,O,). requires OMe, 29-89%; M, 209]. Refluxing 
with methyl iodide and silver oxide failed to augment the methoxy] 
content. 

Formation of the Glucoside (Fischer, Ber., 1893, 26, 2400; 1895, 
28, 1145).—Glyceraldehyde (1-8 g.) was suspended in 5 g. of pure, 
acetone-free methyl alcohol and heated in a Carius tube at 100° for 
24 hours, Next day, the yellowish-brown mixture was neutralised 
with silver carbonate and concentrated in a vacuum, a 50% yield 
of a non-reducing brown oil being obtained (Found: OMe, 22:3%; 
M, cryoscopic in water, 216). It was found impossible to methylate 
this oil further. 

Methylation at Room Temperature (Haworth and Baker, J., 1925, 
127, 365).—A suspension of 5 g. of glyceraldehyde in 100 c.c. of pure 
methyl alcohol containing 4 g. of hydrogen chloride was shaken 
for 24 hours: the colourless solution obtained after 2 hours became 
yellow towards the end of the reaction. The excess of acid was 
neutralised (litmus) with silver carbonate, the filtrate evaporated 
to dryness in a vacuum, the crystalline product refluxed for 10 
minutes in 50 c.c. of ethyl acetate, and the solution filtered. Next 
day, short colourless prismatic needles of a monomethyl derivative 
had been deposited (average yield in ten experiments, 5%), m. p. 
204-5° after drying for a week over calcium chloride [* Found: 
C, 46-2; H, 7-7; OMe, 29-5; MM, cryoscopic in water, 215. 
(CyH,O,). requires C, 46-2; H, 7-7; OMe, 29-89%; M, 209]. The 
monomethyl derivative is readily soluble in water and benzene, 
sparingly in chloroform and ligroin, and insoluble in ether. It does 
not reduce Fehling’s or Benedict’s solution even when hot, whereas 
the aldehyde is strongly reducing even in the cold. Attempts to 
methylate it further or acetylate it have been unsuccessful. 


The author desires to express his thanks to the Government 
Grant Committee of the Royal Society for a grant, to Professor 
W. N. Haworth, F.R.S., for the micro-analyses and for his help and 


* These figures have been verified by micro-analyses. 
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CLXXV.—The Constitution of Glucose-monoacetone, 
Glucose-diacetone, and of the Derived 3:5: 6-Tri- 
methyl Glucose and 3-Monomethyl Glucose. 


By CAMERON GoRDON ANDERSON, WILLIAM CHARLTON, and 
WALTER NorMAN HAWORTH. 


In view of the preparation of sugar carbonates which exhibit many 
analogies with the sugar acetones (see forthcoming paper, Haworth 
and Porter), it has become imperative that the oxide-ring forms of 
sugars which participate in these types of condensation should be 
established. 

Endeavours to provide an experimental proof of the structure 
of the glucose-acetones have hitherto been only partly successful. 
Recognising that glucose-monoacetone gave rise on methylation 
and hydrolysis to a product which was abnormal in its properties, 
Irvine and his collaborators (Irvine and Scott, J., 1913, 103, 573; 
Irvine and Macdonald, J., 1915, 107, 1710; Irvine and Patterson, 
J., 1922, 121, 2146) considered the glucose-acetones to be deriv- 
atives of y-glucose, and the following structures were advocated 
by the last-named authors for glucose-diacetone (I) and glucose- 
monoacetone (IT). 


H-0-0 H-U-OH a: HY-OH 
of HO.97 OMe Hi com oe ool O bon 
—C-H Lig 


—> “H 


H: —e On H-0-OMe 
: H-C-OH H-(-OMe 
CH,-OMe CH,-OH CH,-OMe 
(III.) (II.) (IV.) 


These formulz were intended to supplant those (p. 1333) which had 
been supported by Macdonald (J., 1913, 103, 1896) and by Karrer 
and Hurwitz (Helv. Chim. Acta, 1921, 4, 728) and strong criticism 
(herein shown to be groundless) was applied by Irvine and Patterson 
(loc. cit.) to the structures adopted by Karrer. 
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The monomethyl glucose derived from (I) was assigned the 
constitution (III), indicating the presence of the methyl group in 
position 6 in the chain; whilst the trimethyl glucose derived from 
(II) is, on this view, to be represented as 4 : 5 : 6-trimethyl glucose 
(IV). The experimental results purporting to establish the struc. 
ture (IIT) for the monomethyl glucose have frequently been quoted 
as evidence for the presence of a free hydroxyl group at position 6 
in glucose-diacetone (I), whether the latter be represented, as is 
here the case, as a propylene-oxide sugar derivative or as an 
ethylene-oxide form (Irvine and Patterson, Joc. cit.). 

The above experimental conclusions have been called into ques- 
tion by other investigators, who have adduced convincing evidence 
(a) that in glucose-diacetone a free hydroxyl group is not situated 
at the terminal position 6, (b) that the oxide-ring of the sugar 
cannot be attached at position 3, since the free hydroxyl group is 
allocated to this position, and (ec) that the monomethyl glucose 
isolated from glucose-diacetone is 3-methyl glucose and not 6-methyl 
glucose (Freudenberg and Brauns, Ber., 1922, 55, 3233; Freuden- 
berg and Doser, Ber., 1923, 56, 1243; Levene and Meyer, J. Biol. 
Chem., 1922, 54, 805; 1923, 57, 317; 1924, 60, 173). 

The alternative formule advocated by these later authors ascribed 
to the glucose-acetones a 1 : 4-oxide ring, but a final proof of this 
assumption has been lacking. The recognition of y-methylglucoside 
as a five-atom ring form rendered this hypothesis highly probable 
(Charlton, Haworth, and Peat, J., 1926, 89; Haworth, Hirst, and 
Miller, J., 1927, 2436), as did also the preparation, from the 
glucose-acetones as initial materials (Micheel and Hess, Annalen, 
1926, 450, 21), of a tetramethyl sugar having a similar rotation to 
that of tetramethyl y-glucose. 

It seemed undesirable that the ring form of the sugar in the 
glucose-acetones should continue to be founded merely on analogy, 
and in the present communication it is experimentally demon- 
strated (1) that the above monomethyl glucose (a glucopyranose 
formed by ring-displacement from the furanose) is convertible into 
the usual crystalline tetramethyl glucopyranose; (2) that the 
trimethyl glucose derivable from glucose-monoacetone yields a 
crystalline osazone, and is 3 : 5 : 6-trimethyl glucose; (3) that this 
trimethyl glucose is a glucofuranose, since it is transformed readily 
into 2:3:5:6-tetramethyl y-glucose (tetramethyl glucofuranose) 
and this again is converted into the crystalline 2 : 3 : 5 : 6-tetra- 
methyl y-gluconolactone, which yields the crystalline phenylhydr- 
azide of the corresponding acid. In the following discussion of 
results these new data are taken into account along with evidence 
adduced by Levene and by Freudenberg and their co-workers 
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(loce. cit.) for the recognition of the monomethyl glucose as 3-methyl 
glucose. 

Curiously enough, on investigating the osazone of this mono- 
methyl glucose we found its m. p. to be 178—179° and not 164— 
165° as given by Irvine and Scott (loc. cit.). This anomaly is dis- 
concerting inasmuch as, on the evidence of its m. p. and other 
physical properties, this osazone is considered to be identical 
(Irvine and Hynd, J., 1909, 95, 1220) with that obtainable from the 
monomethyl fructose isolated by methylation and hydrolysis of 


Fie. 1. 
Mutarotation of the phenylosazone of 3-methyl glucose in ethyl alcohol (c = 1°1).. 
— 110° 
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«-fructose-diacetone. This contradiction has led us to examine the 
monomethyl fructose more closely, and the experimental results are 
described in the succeeding paper. Still further is this problem 
complicated by the observations of Helferich and Becker (Annalen, 
1924, 440, 1), who have also described Irvine and Scott’s osazone 
as having m. p. 164—166° and have differentiated this from the 
osazone, m. p. 178—179°, of the supposed authentic 6-monomethyl 
glucose (compare also Kuhn and Ziese, Ber., 1926, 59, 2314). 

It is now shown that the osazone from 3-monomethyl fructose 
also has m. p. 178—179° and not 164—165°, and that this has 
properties similar to those of the osazone of 3-monomethyl glucose. 
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It would thus appear, on the basis of the work of Helferich and 
Becker, that the 6-monomethyl glucose yielded fortuitously an 
osazone of the same m. p. A mixture of the osazones from 3-mono. 
methyl glucose and 3-monomethyl] fructose also melts at 178—179° 
without depression. Caution should be exercised, however, in 
accepting ‘‘ mixed melting point ’’ determinations of osazones as a 
means of confirming their identity, since the m. p.’s given are 
frequently merely decomposition temperatures. 

We have, however, determined the mutarotation of the osazone 
from 3-monomethyl glucose and from 3-monomethyl fructose and 
from either source the osazone gives almost identically the same 
curve (see Fig. 1), showing the change — 109° —+> — 9°. 


Discussion of Results. 


It became apparent that the glucose-acetones should be accom- 
modated by either of the structural forms of glucose : the pyranose 
and furanose types. 

Moreover the isolation of 3 : 5 : 6-trimethyl glucose as described 
in the preceding section is at variance with the propylene-oxide 
formule (I) and (II) proposed by Irvine for the glucose-acetones. 

Reference to the perspective formule of the two structural types 


of glucose (Drew and Haworth, J., 1926, 2305) furnishes some 
explanation of the occurrence of the glucofuranose form (V) in 
glucose-diacetone, inasmuch as the hydroxyl groups in gluco- 
pyranose (VI) are less favourably situated for the union with 
acetone. 


© CH,-OH 
(6) CH,-OH 


5» H-C-OH : (6) O 
(V.) 
(4) OH la o OH 
H ¢ OH HO \ 
(3) 2) (3) 
H OH 
cis-Positions available me : 2—5:6 








condensation with acetone }1 : 2—3:5 

groups. 1; 2—3:6 
The formulation of glucose-diacetone as 1 : 2-3 : 6-diisopropyl- 
idene glucopyranose is inappropriate, since the monomethyl glucose 
derived from it should then be 4-methy] glucose, and this is rendered 
improbable by the work of Levene and his co-workers (loc. cit.). 
The glucofuranose having the acetone residues in positions 1 : 2 
3 : 6 is also excluded as a possibility, since such a substance should 
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yield a 5-monomethyl glucose and this is found not to be the case 
inasmuch as further methylation of the monomethyl glucose gives 
rise to 2:3: 4: 6-tetramethyl glucopyranose. 

The latter result is consistent with the substitution of gluco- 
furanose in the 1: 2-5:6 or 1:2-3:5 positions (compare xylose- 
diacetone; Haworth and Porter, J., 1928, 611), in which case the 
monomethyl glucose would be substituted either at position 3 or 6. 
Now position 6 is excluded by the work of Freudenberg and of 
Levene (loc. cit.). 

That the structural form of glucose in its acetone derivatives is 
that of glucofuranose is shown by the isolation of the 3:5: 6- 
trimethyl glucose from glucose-monoacetone by methylation followed 
by hydrolysis. Earlier descriptions of this product lay stress on the 
ease with which it decomposes on distillation, and it is also credited 
with exceptional properties suggesting that it is not a trimethyl 
glucose but a trimethyl glucosone (Irvine and Macdonald, loc. cit.). 
None of these difficulties remains if the details for its preparation as 
given in the experimental section are adopted. The constitution of 
this trimethyl glucose is evident from its giving a crystalline osazone 
and also from its conversion into 2:3:5:6-tetramethyl gluco- 
furanose. The latter is characterised by its transformation into 
the crystalline 2:3: 5: 6-tetramethyl y-gluconolactone, and into 
the crystalline phenylhydrazide of the 2:3: 5: 6-tetramethyl 
gluconic acid. It, may be recalled that the constitutions of the 
lactone and acid were proved by oxidation methods (Haworth, 
Hirst, and Miller, J., 1927, 2436). 

These results are sufficient to decide the position of the oxide-ring 
in glucose-monoacetone, and consequently also in the diacetone, 
and the following constitutional formule are therefore supported : 


"afc i bi 
HC: re HC-OH 
aS eee 
Nea, NM, 
H 5 tne, H O _Oe, 


Glucose-diacetone. Glucose-monoacetone. 


It is seen that the glucose is here depicted as «-glucofuranose. The 

$-form of glucose could not undergo interaction to yield a second 

stereochemical form of glucose-diacetone, and it is conceivable that, 

if a second form of the diacetone should exist, it would be the 

structural isomeride, 1 : 2-3 : 5-isopropylidene glucofuranose. There 
ZZ 
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is at present no evidence for the existence of this possible second 


form. 
EXPERIMENTAL. 


Conversion of 3-Monomethyl Glucose into 2: 3:4: 6-Tetramethyl 
Glucose.—The glucose-diacetone used throughout the following 
preparations had the constants m. p. 109—110° and [«]i — 18-6°. 
Methylation either with Purdie’s zeagents or with sodium and methy] 
iodide (Freudenberg) yielded monomethyl glucose-diacetone, b. p. 
105—106°/0-3 mm., [«]>° — 31-4°, nj 1-4518, OMe, 11-4 (Calc., 
11-3%). Hydrolysis of this led to removal of the acetone groups, 
and the monomethyl glucose obtained (Irvine and Hogg, loc. cit.) 
had m. p. 160—161°, [a] + 104-3°-——» 55-3° (after 19} hours) 
(c = 1-33 in water) (Found: C, 43:3; H, 7-2; OMe, 15-9. Calc.: 
C, 43-3; H, 7-2; OMe, 16-0%). 

1-2 G. of monomethyl «-glucose (m. p. 160—161°) were converted 
into the glucoside by heating in boiling methyl-alcoholic hydrogen 
chloride (1% HCl) for 44 hours. The solution, which was then 
almost non-reducing, was neutralised with silver carbonate, filtered, 
and evaporated to a thick syrup, which contained colloidal silver. 
After the product had been dissolved in a little methyl alcohol, 
methyl iodide was added (not enough to cause precipitation of the 
glucoside) along with silver oxide and methylation was partly 
effected by heating at 45—50°. After another similar methylation 
the material was almost completely soluble in methyl iodide. Three 
further treatments with the Purdie reagents yielded a mobile oil. 

This oil was hydrolysed by heating at 100° with 10 c.c. of 5% 
hydrochloric acid. The solution was neutralised with barium 
carbonate, evaporated to dryness, and the residue was extracted 
with chloroform. This solution yielded on evaporation a thick 
syrup which became solid. This was recrystallised and identified 
as tetramethyl glucose, m. p. 90—94° (yield, 0-6 g.), and gave the 
anilide, m. p. 135° (compare Irvine and Gilmour, J., 1908, 93, 
1429). 

The phenylosazone of 3-monomethyl glucose was prepared and 
recrystallised several times from aqueous alcohol (Found : C, 61-4; 
H, 6-7; N, 15-25; OMe, 8-5. Cale.: C, 61-3; H, 6-5; N, 15-05; 
OMe, 83%). Its m. p. was 178—179° and not 164—165° as quoted 
by Irvine and Scott (loc. cit.). Its change of rotation in ethyl 
alcohol was compared with that of the osazone derived from 
3-monomethyl fructose and the values are expressed in the form 
of a graph in the introduction. It is conceivable that the osazones 
of a 6-monomethyl glucose and of a 3-monomethy! glucose might 
show great similarity both in the rate of mutarotation and in m. p. 
But the close agreement of the initial and the final rotation values 
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of each product appears in this case to suggest that the osazones 
are identical. 

3:5: 6-T'rimethyl Glucose and its Osazone.—The use of B-glucose 
was found to be most advantageous for the rapid preparation of 
glucose-diacetone (Fischer and Rund, Ber., 1916, 49, 88). Glucose- 
monoacetone was prepared from the diacetone (Irvine and Scott, 
loc. cit.) and had the accepted physical constants (Fischer, Ber., 
1895, 28, 2496). 

In the preliminary methylation of glucose-monoacetone it is 
advisable to avoid the use of silver oxide and methyl iodide in 
acetone solution, because under these conditions there is a tendency 
for the glucose-diacetone to be regenerated. The methylated 
glucose isolated from this product by hydrolysis distils with decom- 
position and is far from homogeneous. It is possible that the 
difficulties of earlier authors (Irvine and Scott, Irvine and Mac- 
donald, loce. cit.) are traceable to this cause. Consequently the 
methylation was conducted as follows: Glucose-monoacetone 
(30 g.) was dissolved in 150 c.c. of water and to this was admitted, 
with stirring, methyl sulphate (97 c.c.) and 33% sodium hydroxide 
solution (180 c.c.), the temperature being gradually raised from 20° 
to 60°. After the final heating at 60° for an hour, the cooled 
solution was extracted repeatedly with chloroform. The dried 
extracts were evaporated at 60° and yielded a pale yellow syrup, 
which was again submitted to similar methylation treatment. 
Thereafter the product had [a], — 29-5° (c = 1-55 in methyl 
alcohol); mp 1-4470; OMe, 35-3%. 

This specimen of trimethyl glucose-monoacetone (30 g.) was 
digested for 2 hours under reflux with 300 c.c. of aqueous methyl 
alcohol containing 0-5% of hydrogen chloride. The cooled solution 
was neutralised with silver carbonate, filtered, treated with charcoal 
and then with silica to remove traces of silver, and evaporated at 
50°. The resulting trimethyl methylglucoside was collected (OMe, 
50%) and hydrolysis was effected by digestion with 0-3% hydro- 
chlorie acid at 100° for 14 hours, followed by neutralisation with 
barium carbonate and evaporation of the filtered solution at 60°. 
The trimethyl glucose was extracted with ether, and the product 
was distilled under 0-04 mm. without decomposition from a bath 
heated at 150—160° (b. p. about 134°). The distillate was a clear, 
almost colourless liquid (yield, 60°), showing [a], — 441° (c = 1-49 
in ethyl alcohol) and — 25-9° (c = 1:3 in water); mp) = 1-4675 
(Found: OMe, 41-1. Calc. : OMe, 41-9%). 

Phenylosazone. 1 G. of the above 3:5:6-trimethyl glucose 
yielded 1-8 g. of erude osazone, which was dissolved in ethyl alcohol ; 
the solution was treated with charcoal and diluted slightly with 
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water; matted yellow needles separated which, after recrystallis- 
ation from aqueous alcohol and drying in a vacuum at 45° until 
constant in weight, had m. p. 70—72° (Found: C, 62-8; H, 7-2; 
N, 14-15. C,,H,,0,N, requires C, 62:95; H, 7-0; N, 140%). 

Conversion of 3:5:6-Trimethyl Glucose into 2:3: 5: 6-Tetra- 
methyl Glucose.—The trimethyl methylglucoside (10 g.) was methyl- 
ated by solution in 50 c.c. of water and treatment at 60° with 
20 c.c. of methyl sulphate and 17 c.c. of 50% sodium hydroxide 
solution. The extracted product (9°9 g.) was distilled, b. p. 
about 96°/0-025 mm., and yielded 8-2 g. of a colourless distillate 
having the constants nif 1-4440, [«]if — 20-4° (c = 2-1 in water) 
(Found: OMe, 61-2. Calc. for tetramethyl methylglucoside : OMe, 
62-0%). 

Hydrolysis. The above product was hydrolysed by digestion at 
95° with 0-3% hydrochloric acid for 14 hours. The resulting sugar 
was isolated in the usual manner and on distillation under 0-08 mm. 
(bath temperature 150°) gave a colourless liquid having nj" 1-4500, 
[«]is° — 14-3° (c = 1-26 in water) (Found: OMe, 51-5. Calc. for 
2:3:5: 6-tetramethyl glucose: OMe, 52-6%). About 60% of the 
product was distilled over, leaving a residue which crystallised, 
m. p. 97—98° (Found: OMe, 53-9%). This by-product has not 
yet been identified and is under investigation. It is probably a 
condensation product of the above tetramethyl glucose. 

Oxidation. The above 2:3:5: 6-tetramethyl methylglucoside 
(3 g.) was treated with an aqueous solution of bromine (1-5 c.c. in 
20 c.c. of water) at 20° during 14 days. It then no longer reduced 
Fehling’s solution even after a preliminary heating with mineral 
acid. The solution was aerated to remove bromine, neutralised 
with silver carbonate, and filtered and the organic acid was liberated 
from its silver salt by titration with hydrochloric acid. The aqueous 
filtrate was then evaporated at 50°, the residue extracted with ether 
and evaporated, and the syrupy product thus isolated was heated 
at 70° for 5 hours and then distilled (2 g.). The colourless liquid 
crystallised on nucleation with 2: 3:5: 6-tetramethyl y-glucono- 
lactone (compare Haworth and Long, J., 1927, 544) and had m. p. 
25-5—26°, alone or in admixture with an authentic specimen pre- 
pared from octamethyl methyl-lactobionate. 

Phenylhydrazide. The identification of the above 2:3:5:6- 
tetramethyl y-gluconolactone was assisted also by the preparation 
of this crystalline derivative. The lactone (0-4 g.) in ether was 
digested with 0-2 g. of phenylhydrazine. The resulting oil crystal- 
lised on cooling and from hot benzene gave colourless needles which, 
either alone or in admixture with an authentic specimen of the 
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phenylhydrazide of 2: 3 : 5 : 6-tetramethyl gluconic acid (Haworth 
and Long, loc. cit.), melted at 136°. 


The authors are indebted to the Chemical Society for a grant 
for materials and to the Department of Scientific and Industrial 
Research for a maintenance grant to one of them. 
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CLXXVI.—The Constitution of a- and £-Fructose- 
diacetones. The Alleged Oxidative Degradation of 
the Derived Monomethyl and Tetramethyl Fructose. 


By CAMERON GORDON ANDERSON, WILLIAM CHARLTON, WALTER 
NorMAN HawortsH, and VINcENT STANLEY NICHOLSON. 


IRVINE and Hywnp (J., 1909, 95, 1220) in their investigations on the 
structure of «-fructose-diacetone (Fischer, Ber., 1895, 28, 1164) 
prepared a monomethyl derivative of the compound, and by 
elimination of the two acetone residues isolated a crystalline mono- 
methyl fructose, m. p. 122—123°, [a]? — 70-5°—-> — 53-I°. In 
repeating this preparation, we have isolated a sugar having the 
same constants, but after several recrystallisations the monomethyl 
fructose gave the following data: m. p. 128—130°, [«]?” in water 
—84-1°—-> — 53-5°. The phenylosazone had m. p. 177—179° (Irvine 
and Hynd, loc. cit., give m. p. 142—144°; and Irvine and Scott, 
| J., 1913, 103, 573, m. p. 164—165°). Irvine and Hynd recorded 

that, when oxidised with bromine water, monomethy] fructose gave 
as the principal product an acid recognised as «$-dihydroxy-y- 
methoxybutyric acid (III). This was fully analysed, titrated, and 
examined also as the barium salt. From these data they concluded 
that the constitution (II) should be assigned to monomethy] fructose, 
and therefore that the formula (I) should be allocated to «-fructose- 
diacetone. 


H-OH CH-OH 
HOH ~ CH-OH 


E> cMes 
l_On H CH,*OMe 
CH,-OH CH,°OMe 
(I.) (II.) (111.) 
This work has been supplemented by further experiments (Irvine 


[inc _— oy a CO,H 





1338 ANDERSON, CHARLTON, HAWORTH, AND NICHOLSON : 


and Patterson, J., 1922, 121, 2146) which go to show that both 
«-fructose-diacetone and the monomethyl] fructose derived from it 
are derivatives of normal or ordinary fructose. 

It is evident that if these experimental data could be substantiated, 
and if the formula (II) assigned to the monomethy] fructose were to 
hold, this would preclude the formulation of this normal fructose 
derivative as a 2 : 6-oxide or pyranose form, inasmuch as position 6 
is occupied by a methyl group and therefore is not available for the 
attachment of the oxide ring. This problem has assumed import- 
ance in view of the determination of the ring structure of normal 
fructose by Haworth and Hirst (J., 1926, 1858) and by Haworth, 
Hirst, and Learner (J., 1927, 1040), who have demonstrated that 
normal fructose derivatives can only be formulated as a pyranose 
or 2 : 6-ring structure. 

We have therefore deemed it advisable to repeat the work of 
Irvine and Hynd and, observing their conditions, we attempted to 
oxidise monomethyl fructose by agitating a solution of the sugar 
in the cold with bromine water, but we were surprised to find that 
the monomethyl fructose was recovered unchanged. Proceeding 
on the assumption that a more prolonged contact with the reagent 
was necessary to imitate the result described by Irvine and Hynd, 
we again repeated the experiment, at a higher temperature, 
keeping the monomethyl fructose in contact with bromine water 
with frequent agitation during 12 days. At the end of this period 
a negligible amount of an acid product was formed, and the mono- 
methyl fructose was recovered unchanged in almost quantitative 
yield. 

Endeavourimg to explain the account given by Irvine and Hynd 
of the properties of their acid product, we subjected the regenerated 
monomethyl fructose to the same analytical tests as did the earlier 
authors. It is known that fructose reacts with bases to give 
complex substances, and we observed similarly that monomethy! 
fructose combined with barium hydroxide, and this explains 
the observation of Irvine and Hynd, who considered they had 
prepared a barium salt of their supposed degradation product. 
They appear to have been misled in supposing that the sugar 
underwent any appreciable degradative oxidation by the agency of 
cooled bromine water. The “‘ principal product ” recovered from 
the contact with bromine must have consisted almost entirely of 
unchanged monomethy] fructose. The stability of the monomethy! 
fructose is indeed only to be expected in view of the fact, which 
has long been known, that fructose itself exhibits a remarkable 
stability in contact with bromine water under the conditions 
described by Irvine and Hynd (Kiliani, Annalen, 1880, 205, 145, 
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180; Bertrand, Compt. rend., 1909, 149, 225). Similarly the normal 
tetramethyl fructose and even its labile or y-form are almost inert 
towards this reagent under these conditions. 

In support of their view that a-fructose-diacetone should be 
represented by the structural formula (I) Irvine and Patterson 
(loc. cit.) described the transformation of this substance into the 
monoacetone and, by methylation of the latter, into trimethyl 
fructose-monoacetone. The removal of the remaining acetune 
residue, followed by further methylation and hydrolysis, led to the 
isolation of the crystalline normal tetramethyl fructose, identical! 
with that which had previously been isolated by the methylation of 
methylfructoside by Purdie and Paul (J., 1907, 91, 289). In a 
subsequent paper Irvine and Patterson (J., 1922, 121, 2696) sub- 
mitted this crystalline tetramethyl fructose to oxidation with nitric 
acid and isolated a compound, m. p. 86—87°, which they designated 
diethyl dimethoxyhydroxyglutarate (V). On the basis of this work 
they ascribed to the methylated sugar the constitution represented 
by 1:3: 4: 6-tetramethy] fructose (IV). 

H,-OMe CO, Et 
‘en QH-OMe 
(IV.) er-OMe —> QOH-OMe (Vv.) 
gees CH-OH 
CH,"OMe — 

On repeating this work Haworth, Hirst, and Learner (J., 1927, 
1040) isolated the same crystalline derivative having m. p. 87—88° 
and adduced evidence that this was not the diethyl ester of the 
substituted glutaric acid (V) but the monoethyl ester of a lactol 
acid formulated as the trimethyl fructuronic acid (VII). A con- 
firmation of this view is now communicated in that it is shown 
that the crystalline oxidation product (VII) can be degraded by 
contact with acid permanganate to the crystalline d-2 : 3: 4-tri- 
methyl 8-arabonolactone (VIII). 


aoe 05 | 
wove |, mote |. mote 
: some | oan | 
(VIH.) (VIIL.) 


The identification of this product (VIII) was assisted by the 
circumstance that we had already obtained the corresponding 
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l-enantiomorph (Drew, Goodyear, and Haworth, J., 1927, 1244), 
and the properties of these two substances are compared below : 


d-2: 3 : 4-Trimethyl 

§-arabonolactone (from 1-2: 3: 4-Trimethy] 

crystalline 1 : 3: 4: 5- $-arabonolactone (from 

tetramethyl fructose). l-arabinose). 
Crystalline form Long, colourless needles _ Long, colourless needles 
M. p 44° 45° 
nis ( 1-4626 ny 1-4630 

—177-3° {a}, +179-5° 


This comparison leaves little doubt that our product was the 
stereoisomeride of the /-2 : 3 : 4-trimethyl 3-arabonolactone which 
had previously been prepared and we have also confirmed the 
identity of our d-2: 3: 4-trimethyl 8-arabonolactone by the pre- 
paration of it from d-arabinose (forthcoming paper by Haworth 
and Jones). Moreover the d-lactone has also been submitted to 
oxidation and has been shown to give rise to d-arabo-trimethoxy- 
glutaric acid, characterised through its crystalline methylamide. 

It is therefore clear that no conclusion can be reached other 
than that the tetramethyl fructose is to be represented as 
1:3:4: 5-tetramethyl fructopyranose (VI). This view is in agree- 
ment with the constitution (IX) now supported for «-fructose- 
diacetone. 

The view that the monomethy]l fructose derived from «-fructose- 
diacetone should be formulated as 3-methyl fructose and that in 
«-fructose-diacetone the substituted residues occupy the hydroxy] 
positions 1:2 and 4:5 (Freudenberg and Hixon, Ber., 1923, 56, 
2119; Freudenberg and Doser, ibid., p. 1243) is confirmed by these 
results (see preceding paper). 

That the action of nitric acid on crystalline tetramethyl] fruc- 
tose (VI)should be principally to effect the oxidation of the -CH,*OMe 
group in position 1 to carboxyl, was previously commented upon as 
a striking observation, especially so since the hydroxyl group in 
position 2, commonly designated the “ reducing group ” in fructose, 
evaded attack in this instance. It may be reflected, however, that 
the state of oxidation of the reducing group differs from that of an 
ordinary aldose sugar and may, indeed, in a sense be regarded as 
already completely oxidised in its condition as a potential keto- 
group. The tendency of fructose derivatives to undergo initial 
oxidation at the position 1 is also indicated in the series of experi- 
ments we have conducted on §-fructose-diacetone. The latter has 
been shown by Ohle (Ber., 1925, 58, 2577) to undergo oxidation 
with permanganate to the corresponding diacetone-fructuronic acid 
(XI), which on elimination of its acetone groups gave the unsub- 
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stituted fructuronic acid (XIII). We have examined the pro- 
duct (XI) and have shown that by simultaneous hydrolysis and 
methylation it gives rise to the crystalline methylated methyl 
ester (XII) which had previously been prepared by one of us from 
the lactol acid (XVI) (Haworth, Hirst, and Learner, loc. cit.). 
This experiment connects Ohle’s results with our previous observ- 
ations on the oxidation of crystalline tetramethyl fructose and 


semana CMe, 
\ 
yr 
° CH,,0OH 


903 

BOS Gs 3 MeO 

MeOH | MeO bat oo 
H-C-OMe ; H-C-OMe 


H-C-OMe H-C-OMe _ 
éa,—! CH, 
(XVI.) (XIL.) 


CO,Me of gH 

MeO: HO: 

Me0-O-H | squis no. - | eu a | 
H-C-OMe H-C-OH H-C- 
ao 1 | HOH | 

CH,*OMe CH,°OH CH, 

(XV.) (XIV.) (XIII.) 
demonstrates that the oxidation of this sugar proceeds initially in 
the same way as the oxidation of 8-fructose-diacetone. We regard 
the isolation by Ohle and his co-workers of the unsubstituted 
fructuronic acid («-keto-gluconic acid) as being of special interest 
in this connexion, and the high levorotation of this product seems 
to require that it should be represented preferably by the cyclic 
formula (XIII) rather than by the open-chain formula. There is, 
indeed, no doubt that on careful methylation it passes to the 
cyclic lactol ester (XII) which we have characterised through its 
identity with the crystalline substance obtained on esterifying and 
methylating the lactol acid (XVI). 


Under other conditions, involving treatment of the fructuronic 
ZZ2 
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acid with mineral acid, followed by methylation, we isolated a 
liquid ester which seemed to. be an isomeride and had a lower 
boiling point. This we have identified as the five-membered ring 
isomeride formulated as in (XV), which was previously obtained by 
one of us by the oxidation of tetramethyl y-fractose. That this 
was so was demonstrated by conversion into its crystalline amide, 
m. p. 100—101°, which was shown to be identical with the crystalline 
amide isolated in the course of earlier work on the oxidation of 
tetramethyl y-fructose (Haworth, Hirst, and Nicholson, J., 1927, 
1513; compare also p. 2308). 

It is further demonstrated that Ohle’s fructuronic acid can be 
represented by the six-membered ring formula (XIII), and that 
this in contact with dilute sulphuric acid can modify its ring struc- 
ture to give a five-membered ring acid (XIV). This displacement of 
the original ring structure corresponds exactly to the change which 
accompanies the formation of y-methylfructoside from ordinary 
fructose. 


EXPERIMENTAL. 
«-Fructose-diacetone and the Derived Monomethyl Fructose.— 
a-Fructose-diacetone, prepared by Fischer’s method (loc. cit.), was 
methylated with methy] iodide and silver oxide, giving monomethy] 


«-fructose-diacetone having the constants given by Irvine and 
Hynd (loc. cit.), and the removal of the acetone residues was 
effected as described by these authors. The product was a crystalline 
monomethyl fructose, m. p. 122—123°, but after several recrystal- 
lisations the m. p. was raised to 128—130°, with slight sintering at 
122°. [a]i in water (c = 0-92) — 84-1° (after 15 mins.) —> — 53-5° 
(Found: C, 43-2; H, 7-3; OMe, 16-0. Calc.: C, 43-25; H, 7-2; 
OMe, 16:0%). This sugar gave a phenylosazone, m. p. 165—169° 
before purification ; but when it was recrystallised from aqueous ethy] 
alcohol its m. p. was raised to 177—179° (Irvine and Hynd give 
m. p. 142—144°, and Irvine and Scott, J., 1913, 103, 573, give m. p. 
164—165°. Compare also the preceding paper by Anderson, 
Charlton, and Haworth) (Found: C, 61-3; H, 6-7; OMe, 8-3; 
N, 15-1. Cale.: C, 61:3; H, 6-45; OMe, 8-3; N, 15-05%). 

1 G. of the crystalline monomethyl fructose was dissolved in a 
little water and the solution was cooled and stirred during the 
addition of 2 g. of bromine dissolved in 60 c.c. of water. The 
operation occupied 8 hours. The solution having been kept exposed 
to the atmosphere over-night, loss of bromine was made good by 
the addition of a further quantity, and the solution was again 
shaken for 24 hours. The solution, still strongly reducing, was 
then evaporated at 40—50° under diminished pressure to half 
bulk, diluted, and again reduced to half bulk, this procedure being 
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repeated four times. Thereafter the solution was neutralised with 
silver carbonate, filtered, treated twice with hydrogen sulphide and 
| then with charcoal, and filtered. The colourless neutral solution 
was evaporated under diminished pressure to a thick syrup, which 
reduced Fehling’s solution strongly. On keeping, this syrup 
crystallised, and recrystallisation of the crude material from ethyl 
acetate gave monomethyl fructose (yield, 85%), m. p. 126—128° 
both alone and when mixed with the original material. 

Since the conditions of the experiment had not been effective 
in promoting oxidation, they were modified in order to give pro- 
longed contact with bromine water at an elevated temperature. 
Accordingly, the operation was repeated, 4 g. of monomethyl 
fructose being dissolved in water and 9-5 g. of bromine in water 
added with stirring during 1 hour. The solution was shaken during 
24 hours without cooling, and was then kept for 40 hours at 18—20°. 
A test sample having shown that the product still reduced Fehling’s 
solution strongly, the solution was kept at 25—30° for 1 day. 
More bromine water was added, but after 12 days, during which 
the reagents had been in contact, the reducing property had not 
disappeared. The hydrogen bromide was removed by means of 
litharge and the solution was filtered, shaken with silver oxide, 
again filtered, and treated with charcoal. The filtrate was now 
treated with hydrogen sulphide. A negligible quantity of silver 
sulphide was precipitated, indicating that very little organic acid 
was present as silver salt and that oxidation of the sugar had not 
taken place to an appreciable extent. The colourless solution was 
evaporated at 50°, and the residual syrup dissolved in water and 
digested at 70° with precipitated calcium carbonate, which neutral- 
ised the very faint acidity. The filtrate was evaporated to 5 c.c. 
and diluted with 100 c.c. of alcohol, which precipitated a slight film 
of a calcium salt (less than 0-1 g.). No calcium salt remained in the 
filtrate, and the latter was evaporated and yielded a syrup which 
became crystalline. Recrystallisation from ethyl acetate gave 
unchanged monomethyl fructose, m. p. 126—128°, identical with 
the original material and almost undiminished in quantity. 

To confirm its identity, the regenerated sugar was converted into 
the diacetone compound by treatment with acetone containing 
04% of hydrogen chloride. The product was isolated in the usual 
way and yielded crystals, m. p. 114—115°, [a], — 134-5° (Found : 
C,57-1; H, 81; OMe, 11-7. Calc.: C, 56-9; H, 8-0; OMe, 11-3%). 

Irvine and Hynd assumed the presence of about 6% of tartaric 
anhydride in their oxidation product, which assumption enabled 
them to bring their analytical figures into closer agreement with 
the theoretical figures. . 
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A solution containing monomethy] fructose (0-2485 g.) and 20 c.c. 
of 0-42N-barium hydroxide was heated on a water-bath for 
5 minutes; it was then cooled and, although dark in colour, was 
neutralised with N-hydrochloric acid by titration in presence of 
phenolphthalein. This showed that 0-104 g. of barium had been 
retained by the sugar. 

Again, monomethy] fructose (0-4798 g.), dissolved in water, was 
heated during 5 minutes at 100° in the presence of 15 c.c. of 0-42N- 
barium hydroxide. The solution was cooled, carbon dioxide 
admitted to remove excess of barium hydroxide, and the solution 
filtered. Titration of this solution indicated the presence of 0°266 g. 
Ba. It would thus appear that the monomethyl fructose had 
combined with barium hydroxide, and Irvine and Hynd’s titration 
results and barium estimations are explicable without the need of 
assuming that any oxidation with bromine to an organic acid had 
taken place. 

Oxidation of Tetramethyl Fructopyranose.—Crystalline tetramethyl 
fructose, m. p. 98—99°, [«], — 124° (in water), was oxidised with 
nitric acid (d 1-2) at 90° under the conditions described by Haworth, 
Hirst, and Learner (loc. cit.), and the lactol acid, C,H,,0, (XVI), 
was converted into the crystalline ethyl ester, C,,H,,0,, m. p. 87— 
88°, [«]o — 98° in water. This product was identical with that 
described by Irvine and Patterson (loc. cit.) as the ethyl ester of a 
dibasic acid, but which has since been shown to be the ethyl ester 
of the monobasic acid above mentioned (Haworth and Hirst, J., 
1926, 1858). The crystalline ester (1-6 g.) was hydrolysed by 
heating with 2/3N-sulphuric acid (12 c.c.) at 85° for 24 hours. A 
further quantity of 12 c.c. of 2/3N-sulphuric acid was then added 
along with 11-2 c.c. of a solution of barium permanganate (900 c.c. 
of solution were equivalent to 8 g. of oxygen), which was slowly 
admitted from a burette, and the solution was constantly shaken. 
This quantity of permanganate was calculated to provide one 
atomic proportion of oxygen for the oxidation of the liberated 
organic acid. The solution was then made alkaline with baryta 
and kept for some hours, and the excess of baryta was removed 
by admitting carbon dioxide. The precipitated barium salts were 
collected and washed, and the filtrate and washings were con- 
centrated under diminished pressure. The concentrated solution, 
containing the barium salt of an organic acid, was treated with 
sufficient dilute sulphuric acid to precipitate the whole of the 
barium as sulphate. The filtrate was evaporated under diminished 
pressure, and the organic residue was dissolved in warm dry ether. 
This solution was filtered, the ether evaporated, and the viscid 
residue distilled under 0-05 mm, The colourless distillate solidified 
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on keeping, and after draining on porous tile in a cool dry atmo- 
sphere, the product was obtained as long needles, m. p. 44°. It 
showed [a] — 177-3°, diminishing to — 111-4° (after 1 hour), 
— 83° (2 hours), — 10-2° (2 days). The general appearance, 
crystalline form, and melting point were identical with those dis- 
played by the enantiomorphous /-2:3:4-trimethyl 3-arabono- 
lactone, and the latter also showed [«]# 179-5° in water (c = 1-41). 
The rate of hydration or mutarotation also corresponded with the 
recognition of this substance as d-2 : 3 : 4-trimethyl 3-arabonolactone 
(Found: C, 50-25; H, 7-5; OMe, 46-9. C,H,,0, requires C, 50-5; 
H, 7-4; OMe, 48-9%). 


Experiments with ®-Fructose-diacetone. 

(A) Combined Hydrolysis and Methylation of Potassium Fruc- 
turonate-diacetone. Isolation of Methyl Tetramethyl Fructuronate 
(XII) and the Crystalline Amide.—The above potassium salt was 
prepared from 10 g. of $-fructose-diacetone (m. p. 97°. Found: 
C, 55-4; H, 8-1%) by oxidation with alkaline permanganate (yield, 
8 g.) (Ohle, loc. cit.). 

The potassium salt (6 g.), dissolved in 20 c.c. of water, was 
heated at 40° during stirring in presence of 5 c.c. of methyl sulphate. 
After 15 minutes, 10 c.c. of 30% sodium hydroxide solution were 
added and the temperature was raised to 60°. Methylation was 
then continued in the usual way at 70°, 25 c.c. of methyl sulphate 
and 50 c.c. of 30% sodium hydroxide solution being used. The 
solution was finally heated at 100° for } hour, cooled, and acidified 
with dilute sulphuric acid until it gave a faintly acid test with 
Congo-red. An equal volume of ethyl alcohol (rectified spirit) was 
added and the sodium sulphate was thus precipitated. The filtrate 
was concentrated to 20 c.c. and the methylation process repeated 
in the above manner, but without the preliminary heating in 
presence of methyl sulphate. 

The product was thereafter extracted in the usual way and 
submitted to further treatment with Purdie’s reagents. The result- 
ing liquid substance was collected and distilled (b. p. 100—103°/ 
0-05 mm., ns” 1-4532); it then crystallised on nucleation with a 
specimen of methyl tetramethyl fructuronate (XII) (Haworth and 
Hirst, J., 1926, 1858). Recrystallisation of this specimen from 
ether gave colourless hexagonal plates, [«]j — 130° (in water); 
m. p. 102—103° either alone or in admixture with a specimen 
obtained by oxidation methods from normal tetramethyl fructose 
by Haworth and Hirst (Found: C, 50:3; H, 7-7; OMe, 55-7. 
Cale.: C, 50-0; H, 7-6; OMe, 58-7%). 

Formation of Tetramethyl Fructuronamide.—A methyl-alcoholic 





1346 THE CONSTITUTION OF a- AND §-FRUCTOSE-DIACETONES. 


solution of the above methyl ester was saturated with dry ammonia 
at 0° and kept for 5 days. Evaporation of the solvent yielded the 
crystalline amide, m. p. 118—119°, which has already been described 
by Haworth, Hirst, and Learner (loc. cit.) and formulated as a six. 
atom ring form obtainable from tetramethyl fructopyranose. 

(B) Methylation of Fructuronic Acid.—The potassium salt (8 g.) 
already mentioned above was dissolved in 120 c.c. of N-sulphuric 
acid and heated at 45° for 24 hours. The two acetone residues 
were thus eliminated from the liberated fructuronic acid-diacetone, 
the hydrolysis being followed by means of polarimetric observations. 
The cooled solution was neutralised, and submitted to methylation 
with methyl sulphate and alkali, and finally with methyl iodide 
and silver oxide. The extracted syrupy product gave the following 
fractions on distillation under 0-17—0-13 mm.: (1) 1-2g., b. p. 87°, 
ni) 1-4490; (2) 2-7 g., b. p. 96—98°, nif" 1-4550; (3) 0-45 g., b. p. 
100°, nj’ 14617. The fractions (2) and (3) crystallised spon. 
taneously and after draining on porous tile and purification from 
ether gave colourless plates, m. p. 101—102°, identical with the 
methyl tetramethyl fructuronate (XII), m. p. 102—103°, described 
above under (A). Fraction (1) was dissolved in dry methyl alcohol 
and saturated at 0° with ammonia. After the solution had been 
kept for 3 days, the solvent was evaporated; the residual syrup, 
on extraction with light petroleum, yielded the highly characteristic, 
long needles of the amide, having m. p. 100—101° alone or when 
mixed with the specimen prepared by Haworth, Hirst, and Nicholson 
(loc. cit.) from tetramethyl y-fructose. More of this amide was 
prepared from the material absorbed by porous tile from the 
crystallised fractions (2) and (3). It was evident, therefore, that 
prolonged contact of the potassium salt with dilute sulphuric acid 
had led to displacement of the oxide-ring in a portion of the products, 
inasmuch as the amide, m. p. 100—101°, has been shown by Haworth, 
Hirst, and Nicholson to be a derivative of a five-atom ring form 
obtainable from tetramethyl fructofuranose. 


The authors are indebted to the Department of Scientific and 
Industrial Research for a maintenance grant to one of them. They 
are grateful also to the Government Grant Committee of the Royal 
Society for a grant which has partly defrayed the cost of the 
materials. 
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First Pedler Lecture. 
DELIVERED ON May 30TH, 1929. 
By Wiritam Henry Persrn, Sce.D., LL.D., F.R.S. 
#§ The Early History of the Synthesis of Closed Carbon Chains. 


WHEN I was asked to deliver the first Pedler Lecture I was dis- 
inclined to accept the honour because it was clear to me that I 
could only speak with any authority on some branch of Organic 
Chemistry with which I had been closely associated and I saw at 
once that it would be very difficult to select from this field a subject 
which could be dealt with adequately and in an interesting manner 
in the course of a single lecture. During recent years, my own 
researches have been mainly concerned with the determination of 
the structure and the subsequent synthesis of alkaloids belonging 
to the berberine, cryptopine group and although, after I had accepted 
the invitation, I made more than one attempt to see whether it 
might be possible to sketch in a quite general way the methods 
which are now available for the synthesis of such alkaloids, I was in 
the end obliged to give up the idea, mainly because I found that it 
was quite impracticable to hope to deal with the matter at all 
efiectively during the time at my disposal. 

I then thought of a suggestion which had often been made to 
me by Professor Robinson and other friends that I should take 
advantage of a suitable occasion to give some account of my 
recollection of the early history of the experiments on the Synthesis 
of Closed Chains and of the difficulties which were met with in the 
development of the work, since it appears that nothing dealing with 
this aspect of the subject has ever been published. I have always 
felt that the obvious and indeed very serious objection to my 
giving a lecture of this kind is that it means talking a good deal 
about myself and necessitates a rather detailed account of the origin 
and development of much of my own experimental work. However, 
on looking through some of the lectures which have been delivered 
before the Society and are printed in the Journal, I was rather 
relieved to find that others who had evidently experienced the same 
difficulty had not hesitated to discuss, in some cases in considerable 
detail, their own views and experiments when the subject matter 
of the lecture seemed to necessitate such a course. With this 
encouragement and after talking the matter over with several of 
my colleagues, I decided to waive the objections I have to the 
introduction of so much matter of a personal kind and I propose, 
with your permission, to give you a brief account of what happened 
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in those early days and of the train of thought which led to the 
inception and gradual development of the researches on the synthesis 
of closed carbon chains. It will be necessary that I should confine 
myself strictly to the early history of the subject and I must not 
attempt to say anything about the vast developments which have 
taken place since those early days and especially during recent 
years. 

For many of us, most of all perhaps for the younger generation of 
chemists, it must be very difficult to appreciate the fact that, not so 
many years ago—certainly not more than 50 years ago—the idea 
was firmly fixed in the minds of chemists that Organic Chemistry 
must be sharply divided into two sections, namely, the Fatty Series, 
comprising open chains like hexane, CH,*CH,°CH,°CH,°CH,°CH,, 
and their derivatives, and the Aromatic Series, consisting of the 
6-carbon ring benzene and its derivatives. It was thought to be 
so out of the question that intermediate carbon rings, containing 
3, 4, or 5 atoms 


bo EG = ey 


could be capable of existence that nc one seems to have given 


them serious attention or to have attempted to construct them. 
Thus we find Victor Meyer in 1876 writing an interesting paper 
in the Annalen (180, 192) in the course of which he emphasises 
the fact that interactions which might conceivably have led to the 
formation of the 3-carbon ring had invariably resulted in the pro- 
duction of the isomeric unsaturated open-chain substances. It is 
quite clear from this paper that Victor Meyer was, in those days, 
firmly persuaded that the 3-carbon ring is incapable of formation 
and that he also held the opinion that there was no evidence to 
warrant the supposition that other rings smaller than six are ever 
likely to be obtained. ! 

Shortly after going to Germany in 1880, I happened to translate 
this paper, largely for the sake of practice in German, and was much 
impressed by the interesting way the subject was presented and by 
the arguments and views brought forward by Victor Meyer. After 
studying for two years in Wirzburg under Wislicenus, I went to 
Munich to continue research under Baeyer and was set the task of 
attempting to make benzoylacetic ester. This substance was 
ultimately prepared, as you all know, by making use of a method 
which arose out of his indigo work and was suggested to me by 
Baeyer, namely, by treating phenylpropiolic ester with sulphuric 
acid and pouring the mixture on ice, and I shall presently show that 
this research had some bearing on the subsequent work on ring 
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formation. Soon after I had started work in Munich, I think it 
was in November 1882, Victor Meyer paid one of his frequent 
visits to Baeyer’s laboratory and I then ventured to remind him of 
his paper in the Annalen and to ask him whether he was still of the 
same opinion or whether he had altered or modified his views. He 
was kind enough to ask me to supper and to spend the rest of the 
evening at the Hofbrauhaus with him and I remember the occasion 
as if it had occurred only yesterday. It was of course a great oppor- 
tunity and privilege for so young a student as I then was to be 
invited to spend the evening and talk chemistry with a man of such 
eminence. During and after the simple meal he discussed the matter 
of ring formation in great detail and with his usual nervous energy, 
emphasising in particular the absence of any evidence of the exist- 
ence of rings made up of 3, 4, or 5 carbon atoms, and when I told 
him that it was my intention to attempt to prepare substances 
containing such rings, he said he was much impressed by my 
enthusiasm but thought I should be well advised at so early a stage 
in my career to work at something more promising and more likely 
to give positive results. 

Victor Meyer’s main argument, to which he returned over and 
over again, was this, that if rings smaller than 6 are capable of 
formation and are stable enough to exist, how was it that nothing 
was known about them? He pointed to the large amount of 
synthetical work which had already been done in so many directions 
and emphasised the fact that while such synthetical work had not 
infrequently led to the formation of derivatives of benzene, as, for 
example, in the case of the conversion of acetone into mesitylene, no 
such condensations had so far been met with which had resulted 
in the formation of rings containing less than 6 carbon atoms. 
Next morning, I told Baeyer about the conversation I had had the 
previous evening with Victor Meyer and it was quite clear that he 
also held the same views and was in general agreement with the 
arguments which Victor Meyer had brought forward. He saw no 
reason why we should assume that rings containing a smaller or 
larger number of carbon atoms than six are capable of existence ; 
on the contrary, all experience was against such an assumption. If 
substances derived from such rings are possible and have reasonable 
stability, how was it, I particularly remember his saying, that they 
had never been met with in Nature ? 

However, I am quite sure that Baeyer, even at that time, was not 
completely satisfied with the position he had taken up, because soon 
afterwards and on more than one occasion he asked me if I was still 
interested in the possible existence of the smaller rings and made 
some encouraging remarks when I told him I was hoping to start 
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work on them in a short time. Moreover he evidently discussed the 
matter with Emil Fischer, because on one of the occasions when Emil 
Fischer visited the Munich laboratories and had been talking to me 
about the work on benzoylacetic ester and especially about the 
isolation of dibenzoylmethane, in which he was particularly in- 
terested, he told me as he was leaving that Baeyer had spoken to 
him about my wish to start synthetical work on the formation of 
derivatives of the smaller carbon rings. He thought it unlikely 
that I should succeed in obtaining such substances and said that 
even if they were formed in small quantity they would probably 
exhibit little stability and it would be very difficult to demonstrate 
their existence sufficiently conclusively to convince the chemical 
world. 

The investigation of benzoylacetic ester, on which I was engaged 
at that time, proved to be tedious and often very disappointing, 
partly on account of the difficulty associated with the preparation 
of the crude ester in any quantity, but mainly because the method 
of fractional distillation under low pressure had not then been 
developed and consequently it was almost impossible to obtain 
any of the oily substitution derivatives in a state even of approxin- 
ate purity. 

The plan I adopted was to carry out each new experiment in the 
first place with acetoacetic ester and then to apply the experience | 
had obtained to the case of benzoylacetic ester. In the course of the 
preparation of dipropylacetoacetic ester, I had made a quantity of 
the monopropy] derivative, CH,-CH,°CH,*CH(CO,Et)-CO-CHsg, from 
propyl bromide by the usual process: and was proposing to intro- 
duce the second propyl group in a similar manner when it occurred 
to me that, if this mono-substitution derivative could be brominated 
at the end of the chain, the sodium derivative of the product might 
decompose with elimination of sodium bromide and formation of 
acetyltetramethylenecarboxylic ester containing the 4-carbon 


ring : 
CH,Br-CH,-CH,._, -CO-CH CH O-CH 
e  * NaP<co,Et® > CB<oHi><o0, Et ° 


As there was clearly no prospect of discovering a process for intro- 
ducing the bromine atom into the end position in the propyl group 
of propylacetoacetic ester, the only alternative seemed to be to 
start with a dibromide containing the two bromine atoms in the 
required positions, that is to say, to start with trimethylene bromide, 
CH,Br-CH,°CH,Br. Then the ring formation might take place in 
the way I have just indicated. 

It happened that at that time I had in my possession small 
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quantities of ethylene bromide, propylene bromide and trimethylene 
bromide as well as of other bromides and iodides which had been 
prepared with quite a different object in view, namely, that of 
determining the relative stability of the halogen atoms on heating 
with water, dilute alkalis, etc. I had already made preliminary 
experiments on these lines which seemed to promise interesting 
results, but the research was never developed. With my small 
supply of trimethylene bromide, I carried out the condensation 
with the sodium derivative of acetoacetic ester and obtained to my 
surprise and delight a small quantity of an ester which, on analysis, 
gave numbers agreeing with those required for acetyltetramethylene- 
carboxylic ester. 

Since this substance is a disubstituted acetoacetic ester, I expected 
that hydrolysis with alkali would lead to the formation of acetyl- 
tetramethylene and tetramethylenecarboxylic acid, 


CHy<Gp>CH: CO-CH, and CHy< (yp >CH-CO,H, 


but the sole product of hydrolysis was a beautifully crystalline acid 
which gave analytical values agreeing closely with those calculated 
for ipie Sesicean Nl acid, 


CO- tik 


so that decomposition with elimination of carbon dioxide or the 
acetyl group, so characteristic of substituted acetoacetic esters, 
had not occurred in this case. When I told Baeyer of these results 
and showed him the analyses and the specimens, he thought the 
matter so important that he decided to communicate the results to 
the Bavarian Academy that same day (31st January, 1883) and not 
to wait for the next number of the Berichte, in case, as he said, 
someone else might be engaged in a similar series of experiments. 
So the paper was written forthwith in his study and Baeyer took 
it at once to the Academy and it was also at the same time sent to 
the Berichte, in which it appeared under the heading “‘ Einwirkung 
von Trimethylenbromid auf Natracetessigither” in the next 
number (p. 208). 

Victor Meyer not only wrote me a charming letter but when he 
visited Baeyer shortly afterwards he told him how greatly interested 
he was in the results. No suspicion was entertained at that time 
that the experimental results recorded in the paper had,been in- 
correctly interpreted, but three years later I found, quite accidentally, 
that the decomposition had in fact taken quite a different course 
from that described and it became gradually evident that no 4-carbon 
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ring is produced as the result of the interaction of trimethylene 
bromide with the sodium derivative of acetoacetic ester. During 
the recrystallisation of an unusually large quantity of the so-called 
acetyltetramethylenecarboxylic acid from boiling water, it was 
noticed that carbon dioxide was gradually given off and, after 
boiling had been continued until the evolution had ceased, no acid 
separated on cooling. It was expected that the solution would 
now be found to contain acetyltetramethylene, but in place of this 
a substance was isolated which on careful investigation proved to be 
acetobutyl alcohol, CH,*CO-CH,°CH,°CH,°CH,°OH. 

There was just a possibility that this ivitons alcohol might have 
been formed from acetyltetramethylene by the addition of water 
and disruption of the 4-carbon ring, but it gradually became evident 
that it was the interpretation of the course of the interaction of 
trimethylene bromide with the sodium derivative of acetoacetic 
ester which was at fault. It is now known that the following 
scheme represents what actually takes place. The bromopropy]- 
acetoacetic ester produced in the first stage yields, on treatment 
with sodium ethylate, the sodium derivative of the tautomeric 
modification, and this decomposes on heating with the formation 
of methyldehydrohexonecarboxylic ester : 

CH,°C(ONa)—O-CO,Et CH,°C ‘CO, Et 
hor. -cm Gab ean “2 epee 

The free acid, which was thought to be acetyltetramethylene- 
carboxylic acid, is therefore methyldehydrohexonecarboxylic acid, 
or in other words it is the carboxylic acid of the anhydride of 
acetobutyl alcohol and as such it decomposes on boiling with water 
into acetobutyl alcohol and carbon dioxide : 

CHC CO,H hs CH,°CO-CH, 
O<CH,;CH,: amp ae THe = enenpintie + 00s 

In complete ignorance of the incorrect interpretation of the 
initial synthesis, the new method was vigorously developed in 
various directions and in July of 1883 a paper was published in the 
Berichte (p. 1787) containing a description of the action of tri- 
methylene bromide on the sodium derivative of malonic ester. It 
was recognised that the decomposition might proceed in two direc- 
tions with the formation either of tetramethylenedicarboxylic ester 
or of allylmalonic ester, 


CH,Br-CH,-CH,-CH(CO,Et), + NaOEt —> 
CHy< Gp >C(CO,Et), or CH,!CH-CH,-CH(CO,Et),, 


and the acid obtained on hydrolysis and elimination of carbon 





VT Be ee OC lULllUC OS CUD 


THE SYNTHESIS OF CLOSED CARBON CHAINS. 1353 


dioxide might be either tetramethylenecarboxylic acid or allylacetic 
acid, 


CH, CH >CH:CO,H or CH,:CH-CH,:CH,-CO,H. 


Careful examination showed that the acid produced in this way 
was not allylacetic acid: it distilled at 193°, whereas allylacetic 
acid distils at 185°, and it did not, like the latter, combine with 
bromine or hydrobromic acid. Also the melting points and boiling 
points of a number of its derivatives were found to differ widely 
from those of the corresponding derivatives of allylacetic acid. 
The subsequent exhaustive examination of the acid, including the 
determination of the magnetic rotation, refractive index and other 
physical properties, entirely confirmed the view that it is tetra- 
methylenecarboxylic acid and this view has indeed never been 
disputed. 

This acid is, however, not the first derivative of tetramethylene 
to be synthesised, because in 1881 (Annalen, 208, 334) Markownikoff 
and Krestownikoff obtained an acid, m. p. 171°, which they named 
tetrylenedicarboxylic acid, by the hydrolysis of the ester which is 
formed in small quantity when ethyl «-chloropropionate is heated 
with dry sodium ethylate : 


(0,Et-CHCI-CH, _, 00,E+CH—CH, 
CH,-CHCI-CO,Et CH,—CH-CO,Et 
CO,H-CH—CH, 

GH,—CH-CO,H. 


This acid was subsequently investigated by E. Haworth and myself 
(J., 1898, 73, 330) and found to exist in cis- and trans-modifications 
melting at 133° and 171° and there can be no doubt that the acid 
obtained by the Russian chemists was, in fact, trans-tetramethylene- 
1 : 3-dicarboxylic acid and was the first derivative of tetramethylene 
to be described. It is remarkable that this observation should 
have called forth so little comment and that this curious decom- 
position was not extended to many other cases. 

During the course of the experiments on the action of trimethylene 
bromide on the sodium derivatives of acetoacetic ester and malonic 
ester, a parallel series of experiments was started using, in the place 
of trimethylene bromide, the more readily accessible ethylene 
bromide and a statement to this effect was made at the end of the 
first paper, published in 1883, to which I have already referred. 
This statement brought me into conflict with Fittig, because 
Fittig and his pupil Roeder happened also to be working at the 
action of ethylene bromide on the sodium derivative of malonic 
ester with an object entirely different from that which prompted my 
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experiments. Fittig and his pupils were at that time actively 
engaged in the investigation of the conditions of formation and 
properties of lactones, a series of researches of great importance 
which will always be associated with the name of Fittig and with 
the Strassburg laboratories in which the work was carried out. It 
was in connexion with these lactone researches, and because I had 
said that I was engaged in similar work, that a short note by Fittig 
and Roeder appeared in the Berichte of 1883 (p. 372), giving a brief 
outline of their experiments on the action of ethylene bromide on 
the sodium derivative of malonic ester. They state that their 
expectation was that the interaction would proceed with the 
formation of bromoethylmalonic ester and that this, on hydrolysis, 
would yield butyrolactone carboxylic acid : 
CH,Br-CH,Br + CHNa(CO,Et), —- CH,Br-CH,-CH(CO,Et), 
noel Ott OH GH-COH. 


But instead of butyrolactone carboxylic acid they obtained a dibasic 
acid, m. p. 140°, which they considered was vinylmalonic acid and 
which they subsequently named vinaconic acid. The formation of 
the vinyl acid was easily explained by assuming that the bromo- 
ethylmalonic ester, first formed, lost hydrobromic acid during the 


treatment with sodium ethylate and subsequent hydrolysis with 
alcoholic potash : | 
CH,Br-CH,°CH(CO,Et), —-> CH,:CH-CH(CO,H), 

In a paper published in the Berichte (p. 54) in January, 1884, I 
described the results of my own experiments on the action of ethylene 
bromide on the sodium derivative of malonic ester and interpreted 
the course of the change in a manner different from that suggested 
by Fittig. In my view the product of the interaction was tri- 
methylenedicarboxylic ester produced according to the scheme : 


H,Br _ CHyw np 
ape + Na,C(CO,Bt), = Fp 7>C(CO,Et), + 2NaBr. 

On hydrolysing the ester, I obtained an acid of m. p. 140° which 
careful comparison showed was identical with the vinaconic acid of 
Fittig and Roeder, but, instead of representing this as vinylmalonic 
acid, I, for various reasons some of which were not published at that 
time, formulated this acid as trimethylenedicarboxylic acid. When 
this acid was heated at 210° it decomposed with loss of carbon 
dioxide and formation of a monobasic acid distilling at 181°, which 
I named trimethylenecarboxylic acid : 


CH~CH-CO,H -+ CO,. 
CH, 
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Fittig and Roeder did not publish the detailed account of their 
experiments until a year later (Annalen, 1885, 227, 13) and in this 
paper Fittig discussed my view at great length and accused me, 
perhaps not unjustly, of not having brought forward a single argu- 
ment in support of my representation of these substances as deriv- 
atives of the 3-carbon ring, trimethylene. It must be conceded 
that, at that time, the balance of the published evidence was in 
favour of the view of Fittig that the acid of m. p. 140° is vinyl- 
malonic acid. Fittig found that, on heating, it yields along with 
the monobasic acid—vinylacetic acid according to his view—a not 
inconsiderable quantity of butyrolactone and thus the monobasic 
acid exhibits the well-known property of Sy-unsaturated acids of 
passing into y-lactones on distillation : 


CH,-CH-CH(CO,H), —-> CH,:CH-CH,-CO,H —> — * 


The dibasic acid also combines with hydrobromic acid with great 
ease to yield y-bromoethylmalonic acid, and this behaviour may 
again be said to be in favour of the unsaturated vinylmalonic acid 
formula. 

Arguing from analogy, the unsaturated vinylmalonic acid should 
also combine readily with bromine to yield By-dibromoethylmalonic 
acid, but this was found not to be the case. Fittig himself expressed 
his surprise that not only does the dibasic acid not react with 
bromine but, what is still more remarkable, the solution of the 
monobasic acid in chloroform may be left in contact with bromine 
for days without any visible decolorisation. This is a very different 
behaviour from that exhibited by allylmalonic acid or by the 
crotonic acids, all of which rapidly decolorise bromine. As you may 
imagine, the determination of the constitution of these acids proved, 
in those days, to be a very difficult matter and it was particularly 
unfortunate that the bromine atom in vinyl bromide, CH,-CHBr, is 
so tightly bound that this substance will not react with the sodium 
derivative of malonic ester, otherwise this synthesis of vinylmalonic 
ester would clearly have settled the matter once for all. To cut a 
long story short, I may say that the proof that these acids are not 
unsaturated but are derivatives of the 3-carbon ring trimethylene 
was subsequently obtained in the following manner. If the two 
suggested formule for the product of the action of ethylene bromide 
on the sodium derivative of malonic ester, namely, 


(i) CH,:!CH-CH(CO,Et), and (ii) Cyc (COsEt) 
2 ‘ 


are examined it will be recognised that the former is a mono- 
substitution derivative, whereas the latter is a disubstitution 
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derivative, of malonic ester: the former may be compared with 
ethylmalonic ester and the latter with dimethylmalonic ester. 
The ester (i) still has a hydrogen atom replaceable by sodium and 
should therefore react with sodium ethylate and benzyl chloride 
to yield benzylvinylmalonic ester, CH,-CH-C(C,H,)(CO,Et),., where- 
as the ester (ii) does not contain a hydrogen atom replaceable by 
sodium and cannot therefore yield a benzyl substitution derivative, 
When the experiment was made, it was found that, not only was no 
benzyl derivative produced, but that almost the whole of the 
original ester was recovered unchanged. This behaviour is clearly 
strong evidence in favour of the constitution (ii). 

Just at that time an important piece of work was carried out by 
the Belgian chemist, Franchimont, who showed that mono- 
substituted malonic acids react with nitric acid in the cold with 
loss of two molecules of carbon dioxide, whereas disubstituted 
malonic acids are unchanged by this treatment. Professor 
Franchimont was good enough to try this interesting experiment 
with some of.the dibasic acid, m. p. 140°, which I sent him and he 
reported that it did not react with nitric acid and therefore behaved 
as a disubstituted malonic acid. A very pure specimen of the ethyl 
ester of the acid of m. p. 140° was then prepared from the silver 


salt by the action of ethyl iodide and its magnetic rotation and 
refractive index were determined; the values obtained showed 
very clearly that the ester and therefore the acid could not be 
unsaturated. 

Ultimately, in 1899, vinylacetic acid was prepared by J. Wis- 
licenus (Ber., 32, 2047) and by Fichter and Krafft (ibid., p. 2799) 
from $-hydroxyglutaric acid by distillation, 


CO,H-CH,CH(OH)-CH,-CO,H —> CH,:CH-CH,°CO,H+CO,+H,0, 


and in 1903 by Houben (Ber., 36, 2897) from the magnesium 
derivative of allyl bromide by decomposition with carbon dioxide: 


CH,:CH-CH,-MgBr —-> CH,:CH-CH,-CO,H 


The acid obtained by either process distils at 168° and combines 
immediately with bromine; it therefore has properties quite 
different from those of the acid obtained by Fittig and by myself 
by heating the acid of m. p. 140°, since this distils at 181° and is 
so remarkably stable to bromine. It is clear, therefore, that the 
synthesis of vinylacetic acid supplies the final proof that the acid, 
b. p. 181°, must be regarded as trimethylenecarboxylic acid, and 
that the acid, m. p. 140°, is trimethylenedicarboxylic acid. 

Although the synthesis of trimethylenecarboxylic acid in 1883 was 
the first occasion on which a derivative of trimethylene had been 
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obtained in a pure state, it cannot be described as the first synthesis 
of the 3-carbon ring, because Freund, in 1882 (Monatsh., 3, 625), 
had treated trimethylene bromide with sodium and obtained a gas 
which was subsequently shown to contain trimethylene mixed 
with much propane and propylene. In 1887, Gustavson (J. pr. 
Chem., [2], 36, 300) greatly improved the method of preparation by 
substituting zinc and alcohol for sodium, but the gas was again 
contaminated with propane and probably with hydrogen. Lastly, 
in 1907, Willstatter (Ber., 40, 4459), employing also the action of 
zinc on an alcoholic solution of trimethylene bromide, but greatly 
improving the conditions and then liquefying the gas, succeeded in 
isolating trimethylene in a pure state. Trimethylene boils at 
about —35° and when heated, especially in contact with a catalyst 
- such as alumina, readily undergoes isomerisation into propylene. 
The interval between the Fatty and the Aromatic Series had now 
been considerably lessened by the synthesis and examination of the 
trimethylene- and tetramethylene-carboxylic acids and the next 
step was to devise some method for the preparation of a derivative 
of the 5-carbon ring. There seemed every reason to believe that 
pentamethylenecarboxylic acid might be readily obtained by 
making use of the method which had been so successful in the 


previous cases, namely, by acting on the sodium derivative of 
malonic ester with tetramethylene bromide : 


CH,BrCH,CH,-CH, Br + CNa,(CO,Et),—> Tee oH > C(COsEt)s 
2 2 


H,-CHy~ ca. 

le tat cH Ce CO,H. 

Unfortunately, at that time tetramethylene bromide was unknown 
and it was not until 1894 or 10 years later (J., 1894, 65, 86) that 
it was obtained accidentally by a process which for a long time was 
not understood. The attempt was being made to convert tri- 
methylene bromide into the dicyanide, then into pentamethylene- 
diamine by reduction, then into the glycol by nitrous acid, and then 
into pentamethylene bromide by treatment with hydrobromic acid, 


CH,Br-CH,°CH,Br CN-CH,°CH,°CH,°CN 
NH,°CH,°CH,°CH,°CH,°CH,’NH, 
OH-CH,°CH,°CH,°CH,°CH,°OH CH,Br-CH,°CH,’CH,°CH,Br, 
with the object of using the dibromide for the synthesis of hexa- 
methylenecarboxylic acid by the usual method. But the substance 
actually obtained as the result of this series of changes was found 


to be a mixture of pentamethylene bromide with a good deal of a 
lower-boiling bromide and, on very careful fractionation, this proved 
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to be tetramethylene bromide, one CH,-group having in some way 
been lost during its formation. The solution of the mystery may 
be taken to be the following: The strongly alkaline potassium 
cyanide which was in common use in those days, evidently acted as 
if it were a mixture of cyanide and hydroxide and led to the forma. 
tion of a good deal of hydroxy-propyl cyanide. When this was 
reduced and then treated with nitrous acid and then with hydro- 
bromic acid, tetramethylene bromide, the substance for which we 
had so long searched in vain, was produced : 

CH,Br-CH,°CH,Br OH-CH,-CH,°CH,"CN 
OH-CH,°CH,°CH,°CH,'NH, 
OH-CH,°CH,°CH,°CH,°OH CH,Br-CH,°CH,°CH,Br 
When the sodium derivative of malonic ester was digested with ' 
this new dibromide, pentamethylenedicarboxylic ester was produced 
in almost quantitative yield, and this, on hydrolysis and elimination 
of carbon dioxide, supplied the long-sought-for pentamethylene- 
carboxylic acid, a substance characterised by great stability. Thus 
the gap between the fatty and the aromatic series had now been 

bridged by the synthesis of the following acids : 


Trimethylenecarboxylic acid, Hoe COL H, b. p. 181°. 
2 


CH,—CH, 
CH,—CH-CO,H 
ae «CH, ’ m0 

Pentamethylenecarboxylic acid, og “<a CO,H, b. p. 215°. 
Finally the pentamethylene bromide, obtained in the way I have 
just described, was purified by careful fractionation and caused to 
interact with the sodium derivative of malonic ester, and this led 
to the synthesis of hexamethylenecarboxylic acid (b. p. 232°), 
which proved to be identical with the hexahydrobenzoic acid result- 
ing from the reduction of benzoic acid. 

I have already mentioned that the synthesis of pentamethylene- 
carboxylic acid had to be postponed over and over again because of 
the impossibility of obtaining tetramethylene bromide and that the 
acid was actually not prepared until 1894. In view of this difficulty, 
another method had to be devised for the synthesis of the 5-carbon 
ring, and this ring was produced for the first time in 1885 or nearly 
10 years before the date of the synthesis of pentamethylenecarboxylic 
acid. It had been noticed from the first that when ethylene bromide 
or trimethylene bromide interacts with the sodium derivative of 
malonic ester, there are always formed, along with the trimethylene- 
or tetramethylene-dicarboxylic esters, small quantities of high- 


Tetramethylenecarboxylic acid, , b. p. 195°. 
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boiling substances, and these were found to be derived from two 
molecules of malonic ester. Thus, in the cases just mentioned, these 
secondary products are butanetetracarboxylic ester and pentane- 
tetracarboxylic ester, (CO,Et),CH-CH,’CH,-CH(CO,Et), and 
(CO,Et),CH-CH,°CH,°CH,°CH(CO,Et),. On account of the fact 
that these substances readily yield disodium derivatives, they have 
proved to be of considerable value for ordinary synthetical purposes. 
But of much more interest is the fact that they serve as valuable 
and convenient starting points for the synthesis of closed-chain 
derivatives, and their use has made possible, as I will presently 
show, the preparation of a great variety of interesting and im- 
portant substances which could hardly have been obtained by any 
other method. 

Pentanetetracarboxylic ester was the starting point in the first 
synthesis of the pentamethylene ring, a synthesis which was carried 
out in the autumn of 1885 and published in December of that year 
(Ber., 18, 3246). When the disodium derivative of this ester was 
treated with bromine, ring closure occurred, and the pentamethylene- 
tetracarboxylic ester obtained, in almost quantitative amount, 
yielded on hydrolysis and elimination of carbon dioxide penta- 
methylene-1 : 2-dicarboxylic acid, 


CH, <CHsONa(CO,Et)s . ope 5 CH, <CHs—9(CO,Et), 


H,—C(CO,Et) 
ty_-CH;-CHCO,H 
CH,-CH-CO,H 


an acid which was later shown to exist in well-defined cis- and trans- 
modifications. This was the first synthesis of the 5-carbon ring. 

The fact that the formation of the 5-carbon ring takes place so 
readily and that the pentamethylenedicarboxylic acid obtained 
in this way should prove to be a substance of such marked, it might 
even be said unusual, stability excited a great deal of interest at the 
time. 

During 1885, Baeyer was gradually working out his “ Span- 
nungs ‘Theorie,”’ a conception which was destined to exert so pro- 
found an influence on the whole subject of ring closure. I remember 
that on two occasions he invited me into his study and explained 
to me, with the aid of models which had been specially made, his 
views on the stability and ease of formation of rings based on the 
tetrahedral configuration of the carbon atom, and these views 
gradually gave rise to the “‘ Spannungs Theorie.” This remarkable 
theory, published in August, 1885 (Ber., 18, 2278), occupies only 
two pages of print and its description always seems to me to be a 
striking example of how much can be said in a very small space. 


*\CH,°CNa(CO,Et), 
—> CH, 
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As is well known, one of the consequences of the theory is that the 
5-carbon ring should prove to be the most stable and most easily 
formed of all rings or, as Baeyer himself puts it, ‘‘ pentamethylene 
should be the most stable configuration and should be formed rather 
more easily than hexamethylene.” 

In discussing this point with me, Baeyer remarked that it was un- 
fortunate that no pentamethylene derivative had so far been pre- 
pared so as to make the direct comparison possible. It is therefore 
not difficult to picture how greatly interested Baeyer was when a 
short time after the publication of his theory the synthesis of penta- 
methylene-1 : 2-dicarboxylic acid, which I have just described, 
actually demonstrated not only that the 5-carbon ring is pro- 
duced with great ease but that it is also characterised by great 
stability. He considered that this synthesis confirmed in a very 
welcome manner the views which he had so shortly before developed 
in his ‘‘ Spannungs Theorie.” 

The method which had been used so successfully in the synthesis 
of the pentamethylene ring was now developed in a great many 
directions and it was found that substances of the type 
(CO,Et),CH-[CH,],,°CH(CO,Et), lend themselves so readily to so 
great a variety of ring syntheses that they may perhaps be said to 
be the most valuable reagents we possess for this purpose. Although 
much of the synthetical work carried out with the aid of substances 
of this kind dates from before 1894 and may thus claim to be in- 
cluded in an account of the Early History of Ring Closure, it would 
take me far too long to go into this matter in any detail. I venture, 
however, to introduce a short table which gives in a general way 
some idea of the scope of these synthetical methods and includes one 
or two of the more interesting special cases (X = CO,Et). 


NaX, OX, H-CO,H 
(i) CH, 4 2Br —> CHC | —»> CH, 
aX X; H-CO,H 


2 
Trimethylene-1 : 2- 
dicarboxylic acid. 


CH-CO,H 


(ii) CH “pe at CH,I, —> on tt > CH KX >CH, 


CH-CO,H 


Tetramethylene- 
1 : 3-dicarboxylic 
acid. 


CH,°CNaX, H,°-CH-CO,H 

(iii) CHC + CH,Br, —> CH, H, 
2° aX, H-00,H 

eminem acid. 
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CH-CO,H 


(iv) CH,CNaX, CH,Br fi, 0H, 
- 5 enge 
H,*CNaX, H,Br \ 


Hexahydroterephthalic acid. 


The last syntheses to which I will refer, because they are perhaps in 
many ways as novel and interesting as any of those I have already 
mentioned, are the syntheses of derivatives of hydrindonaphthene 
(hydrindene) and of tetrahydronaphthalene published by Baeyer 
conjointly with myself in the Berichte of January and February, 
1884 (pp. 122 and 448). I pointed out earlier in this lecture that 
when trimethylene bromide interacts with the sodium derivative 
of acetoacetic ester, the process follows an unexpected course leading 
to the formation of methyldehydrohexonecarboxylic ester instead 
of acetyltetramethylenecarboxylic ester as had been expected. 
When, in an analogous series of experiments, commenced at the 
same time, the trimethylene bromide was replaced by ethylene 
bromide, a mixture of esters was obtained which could not at first 
be separated into its constituents and it was not until much later 
that it was possible to show that this product consists essentially of 
acetyltrimethylenecarboxylic ester mixed with varying quantities 
of methyldehydropentonecarboxylic ester, 


CH CO-CH; , 4 CHs'C—=0-C0,Et, 
CH, 0,.Et “ O<cH,-CH, 


the process in this case having taken place in the two possible 
directions. 

The main difficulty was that it was not found possible to isolate 
any of the products in a crystalline condition, and it occurred to me 
that if I replaced, in the interaction with the sodium derivative of 
acetoacetic ester, the ethylene bromide by phenylethylene bromide, 
C,H,;-CHBr-CH,Br, the esters produced or more probably the 
corresponding acids might be crystalline and therefore lend them- 
selves more readily to separation. 

When I mentioned this idea to Baeyer, I thought that he did not 
at the time seem to be interested, but a few days afterwards he told 
me that, in thinking the matter over, a modification of the idea had 
suggested itself to him which he thought might lead to results of 
considerable interest and importance. If, he said, instead of 
phenylethylene bromide, the then unknown isomeric bromide, 
0-xylylene bromide, C,H,(CH,Br),, could be prepared, it might react 
with malonic ester to yield derivatives of hydrindonaphthene 
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(hydrindene) and he proceeded to sketch out the scheme exactly as 
he wrote it later for publication in the Berichte : 


H,Br 0,Et 0,H,—CH 

H oo 2 2 _» Yetts 2 
CoH e<cupr | N®°<co ne GH,—C(CO,Et), 
CoH, CH, 


CH,—CH-CO,H 


He told me that he had long wished to synthesise indene, or indo. 
naphthene as he then called it, and examine its properties mainly 
because of its relationship to indole and to the whole indigo 
group, the investigation of which had occupied him for so many 
years. It was most fortunate that o-xylene could be obtained at that 
time in almost pure condition from the firm of Langenfeld and 
Reuter, but Baeyer was very doubtful whether, on bromination at 
the boiling point, this would yield o-xylylene bromide in anything 
like a pure condition. He rather expected that the product would 
contain considerable quantities of the isomeride, C,H,(CHBr,)-CH,, 
as well as of substances containing bromine substituted in the benzene 
ring. A mixture is indeed formed under these conditions, but 
o-xylylene bromide has fortunately so great a facility for crystallising 
that there is not much difficulty in preparing it in a pure condition. 
The main trouble proved to be the effect of this substance on the 
eyes, which was much more severe than had been anticipated. 

The interaction between o-xylylene bromide and malonic ester 
proceeded exactly as Baeyer had predicted and the hydrindonaph- 
thenedicarboxylic ester so obtained yielded, on hydrolysis and 
elimination of carbon dioxide, hydrindonaphthenecarboxylic acid. 
It was shown at a later date (1894) that the barium salt of this acid 
is decomposed on heating with separation of indonaphthene (indene), 
and since this on reduction yieids hydrindonaphthene (hydrindene), 


CH and H, 
H Hy 
Hy H, 


the synthesis of both these important hydrocarbons was accom- 
plished in this way. 

The next step was to extend these methods to the hexahydro- 
naphthalene series and this was done in two different ways both of 
which led ultimately to the same result. In the first process 
o-xylylene bromide and the disodium derivative of acetylenetetra- 
carboxylic ester were heated with alcohol in a sealed tube and the 
product was hydrolysed; an acid was then obtained which, on 
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heating at 185°, decomposed with elimination of carbon dioxide 
and formation of tetrahydronaphthalenedicarboxylic acid : 


H,Br_, NaC(CO,Et), H,—O(CO,Et), 
Coan Br * NaC(CO,Et), > eH <n oD .Et), 


H-CO,H 

C,H. 2 

Nor H-CO,H 
The still more interesting second process consisted in boiling an 
alcoholic solution of the sodium derivative of chloromalonic ester 


with xylylene bromide; rather unexpectedly, the following process 
then took place almost quantitatively : 


H,Br_, NaCCl(CO,Et), H,-CCM(CO,Et), 
CoH <Cit Br + NaCC\(CO,Et), —> Cell <CH CONCO RY 
2 


There was of course always the possibility that the sodium derivative 
of chloromalonic ester would interact with itself with the formation 
of the substance (CO,Et),C:C(CO,Et),, but the bromine atoms in 
o-xylylene bromide proved to be more reactive than the chlorine 
atom in chloromalonic ester, so that the process proceeded almost 
entirely in the direction I have indicated. When o-xylylene- 
dichlorodimalonic ester is reduced by zinc dust, it yields o-xylylene- 
dimalonic ester, the disodium derivative of which is readily acted 
on by iodine with closure of the ring, and the ester produced is 
identical with the tetrahydronaphthalenetetracarboxylic ester 
obtained with the aid of acetylenetetracarboxylic ester in the way I 
have just described. 


H,-CH(CO, Et), H,-CNa(CO,Et) 
Coll <CHt -CH(CO,Et), —> CGH GNeCORE a 


H,—C(CO,Et) 
Celle cor 0 tay 


The last step in this investigation consisted in heating the silver 
salt of tetrahydronaphthalenedicarboxylic acid in a test-tube; 
decomposition took place readily with sublimation of naphthalene. 
This process constitutes one of the best-known syntheses of 
naphthalene. 

It is not my intention to develop this brief sketch any further, but 
I think I may say that the importance which Baeyer attached to the 
methods I have been describing (compare Ber., 1884, 17, 122) has 
been fully justified by the wide subsequent development of the 
Chemistry of the Closed Carbon Chains. 
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CLXXVII.—The Effect of Gases on the Colour of Iodine ' 
Vapour, and the Solvent Action of Various Vapours 
on Solid Iodine. 


By Ropert Wricut and THomas MoGrecor. 


Dewak (P., 1898, 241) observed that the colour of iodine vapour 
was less dense in a vacuous flask than in one at the same temper. 
ature containing air, and that the colour in the latter case was more 
purple than in the former. It was suggested that this increase in 
depth of colour might be due to a greater volatility of iodine in air 
than in a vacuum, and Dewar’s observation has been frequently 
cited as an example of the solubility of a solid in a gas under ordinary 
conditions of temperature and pressure. 

A repetition of Dewar’s experiment was carried out. Iodine was 
sealed in a vacuous bulb and heated in water to about 90°; the tip 
of the bulb was then broken. With the inrush of air the colour of 
the vapour at once deepened and became more purple. With a 
second bulb, containing less iodine than would saturate the availabl 
space with vapour at the temperature of the experiment, the same effect 
was observed; in this case, since no excess of solid was present, the 
effect cannot be attributed to the solubility of iodine in air. 

A qualitative spectroscopic examination of the effect was also 
made. A small quantity of iodine was placed in a Lilburn flask, 
which was then evacuated to a pressure of about 1 mm. and sealed 
off. The sealed flask was held concentrically in a large beaker of 
water placed in front of the slit of a Hilger photographic spectro. 
scope. The water was heated to 90° and a beam of light from a 
Point-o-lite lamp focused on the slit. Comparative photographs 
were then taken on a panchromatic plate, first with the iodine alone 
in the vacuous flask and then, at the same temperature, in the 
presence of air, the flask being opened and resealed between the 
exposures. The results showed an increase of absorption in the 
second case, the head of the absorption band in the green having 
moved towards the red end of the spectrum. The same effect was 
observed when less iodine was used than would saturate the available 
space with vapour at the temperature of the experiment. A further 
series of photographs was then taken in experiments in which the 
air was replaced by nitrogen, oxygen, carbon dioxide, and argon, 
and in all cases the same result was obtained. In order to compare 
more accurately the effect of the different gases, a small amount of 
iodine was placed in a 20 cm. polarimeter tube fitted with two side 
tubes ; this was then placed in a glass-sided thermostat at 50° and 
arranged in front of the spectroscope. A series of four photographs 
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was taken in which the gas in the tube was successively air, nitrogen, 
oxygen, and carbon dioxide. The spectra were identical in all four 
cases, and this would seem to indicate that the colour change is not 
due to the solubility of the iodine in the gas used or to chemical 
action between the gas and the iodine vapour, but possibly to the 
effect of pressure on the iodine vapour. 

In the accompanying photographs, Plate I shows three sets (with 
different exposures) of iodine 
absorption spectra in air and in a 
vacuum, with a comparison con- 
tinuous spectrum in each case; 
Plate II shows three similar sets 
in argon and in a vacuum ; and 
Plate III shows two sets taken in 
the 20 em. tube with the four 
gases air, nitrogen, oxygen, and 
carbon dioxide. 

It was thought of interest to 
try to determine the relative 
volatility of iodine in air and in 
a vacuum at 100° by measuring 
directly the quantity of iodine 
which would saturate a definite 
space with vapour under the two 
conditions. About 0-5 g. of iodine 
was placed in a flask of 130 c.c. 
capacity, the flask was sealed off, 
and while still hot the iodine was 
shaken into the neck, where it 


Fie. 1. 














| close to the sealed tip. (Under 
suitable conditions, only a small Pujeicig 
amount of. iodine will sublime [—} ~—— 4 
into the body of the flask, but | “| "| 
if this amount is excessive it 

may be driven back by a prolonged heating of the bulb and 
cooling of the neck.) The flask was now placed in the steam-bath 
shown in Fig. 1 and heated at 100°. The steam-bath was con- 
structed from a large lever-lidded paint tin fitted with a thermometer 
and a long brass tube to act as an air-condenser, the upper end of 
the condenser was attached to a large bottle and a manometer so 
that the pressure inside the vessel might be regulated and the 
temperature kept at 100°. After 5—7 hours’ heating, the flask was 


removed from the bath and cooled quickly in a stream of water} 
3A 
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the iodine vapour condensed on the walls and, as diffusion of the 
vapour in air is slow, during the cooling hardly any iodine sublimed 
from the solid in the neck of the flask. The flask was now cut open, 
the amount of iodine in the bulb determined by titration with 
N/50-thiosulphate, and the volume of the flask measured by filling 
with water. For three consecutive determinations the quantity of 
iodine in 100 c.c. was found to be practically constant (see table). 

When the same method was used with iodine in a vacuous flask 
the results obtained were much higher and were not constant. 
This was due to the sublimation of iodine from the neck into the 
cooling bulb during the removal of the flask from the bath. Various 
attempts were made to correct this and the most satisfactory result 
was obtained by breaking the neck of the flask while still in the 
heating bath, so that all sublimation due to the quicker cooling of 
the bulb was avoided. For this purpose a slight modification of the 
method was necessary. The neck of the flask was made of 5 mn. 
tube and a constriction was made about 3 cm. from the bulb; 
3 cm. above the constriction there was a plug of glass wool, on the 
top of which were placed the fragments of iodine. The apparatus 
was now evacuated and sealed off. A loop of string was fastened to 
the constriction, and the flask placed in position in the heater. 
The end of the brass condenser tube was pushed well down over the 
neck of the flask past the constriction, the string passing through a 
slot cut in the end of the brass tube and then through a stopper 
in the wall of the heater. A period of 2 hours’ heating was usually 
sufficient for the evacuated flask ; the string was then pulled strongly, 
drawing the neck of the flask against the condenser tube until the 
former fractured. Steam entered the bulb and the broken end fell 
into the water of the heater. The bulb was now removed from the 
heater and its iodine content and volume were determined as before. 
The results for three consecutive estimations are shown in con- 
parison with those obtained for air. They are not quite so regular 
but are always slightly higher, so there is no indication of iodine 
being soluble in air. The values for the vapour pressure of iodine 
at 100° are inserted in the table and are calculated on the assumption 
that iodine vapour obeys the gas laws and that the gram-molecular 
volume is 22-4 litres at N.T.P. 


Weight (g.) of saturated iodine vapour in 100 c.c. at 100°. 


a. b c. Average. V.p. (mm.). 


0:05032 0°05025 0-05060 0-05039 46°2 
In a vacuum 0-05171 0°05182 0-05227 0-05193 47-5 


A number of measurements were carried out to determine whether 
iodine is soluble in the vapours of those solvents in which, as liquids, 
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it dissolves easily. The solvent vapours employed were benzene, 
toluene, alcohol, ether, carbon tetrachloride, and chloroform. The 
method and apparatus have already been described by one of us 
(J., 1915, 107, 1527) for the determination of the vapour pressure of 
solid iodine. Purified air was first passed, at room temperature, 
through a weighed bubbler containing the solvent under investig- 
ation. The air and vapour then passed over iodine heated at 100° 
and the iodine carried over by the mixed gases was estimated. The 
volume occupied by the solvent vapour at 100° was calculated by 
application of the gas laws from the weight of solvent used, and the 
volume of air was measured after the removal of the solvent vapour 
by a suitable absorbent. The total amount of iodine carried over, 
less the amount due to the air alone, gives the quantity of iodine 
carried by the solvent vapour. 

Although the quantity of iodine carried over by a litre of air at 
100° was found by repeated estimations to be perfectly definite, no 
constant results could be obtained for the vapours. It was not 
infrequently found that, using the same iodine for a series of deter- 
minations, a litre of solvent vapour would carry over more iodine 
than a litre of air during the earlier determinations of the series, but 
this quantity would decrease in the later estimations and might 
even apparently become negative, 7.e., less iodine would be carried 
over by the mixture of air and solvent vapour than would be obtained 
by the air constituent of the mixture acting alone. 

After prolonged exposure to the air—-vapour mixture, the surface 
of the iodine frequently became moist, and in some cases the whole 
of the iodine melted. It would thus seem that the iodine was 
absorbing some of the solvent vapour and forming a solution which 
would of necessity have a lower iodine vapour pressure than the 
pure iodine, and this effect would mask any solvent action in the 
vapour phase. The positive results in the first determinations of 
a series were obtained before much of the vapour had been absorbed 
on the surface of the iodine. 

Perman (J., 1903, 83, 1168) found that the partial pressure of 
water vapour Over aqueous ammonia was less than that of pure 
water; for although water vapour may be very soluble in ammonia 
gas, the presence of ammonia in the liquid phase lowers the water 
vapour pressure to such an extent that any solubility in the vapour 
phase is more than counterbalanced. It may, however, be suggested 
that solubility in the vapour phase is a factor in those positive 
deviations from the mixture rule which are sometimes obtained for 
the vapour pressures of binary liquid mixtures. 
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CLXXVIII.—The Chemistry of the Caryophyllene 
Series. Part II. Clovene and isoClovene. 


By Gzrorce GERALD HenpERSON, ROBERT OSBORNE ORR 
McCrone, and Jonny MontTeatH ROBERTSON. 


WaLiacH and WaLkeER (Annalen, 1892, 271, 283) showed that 
when caryophyllene alcohol is heated with phosphoric oxide 
caryophyllene is not regenerated but instead the tricyclic sesqui- 
terpene clovene is produced. We have now ascertained that when 
other methods of dehydrating the alcohol, e.g., heating with 
anhydrous oxalic acid, are employed, the result is the same; in no 
case has caryophyllene been obtained. Moreover, the liquid 
hydrocarbon which is formed as a by-product when caryophyllene 
is hydrated by Wallach and Walker’s method is closely similar to, 
if not identical with, clovene. Caryophyllene can be regenerated 
from its crystalline dihydrochloride by treatment of the latter with 
a saturated methyl-alcoholic solution of potassium hydroxide or 
with a concentrated solution of sodium methoxide (Semmler and 
Mayer, Ber., 1910, 43, 3451), but when the dihydrochloride is heated 
with dilute alcoholic alkalis, or with sodium acetate and acetic acid, 
or with pyridine or quinoline, the product is again a liquid tri- 
cyclic sesquiterpene instead of dicyclic caryophyllene. Further, 
a liquid by-product is obtained in varying quantities during the 
preparation of caryophyllene dihydrochloride, and we have found 
that this liquid is capable of dissolving the dihydrochloride, which is 
not completely separated even if the solution is strongly cooled. At 
the same time, when allowance is made for the quantity of the 
dihydrochloride retained in solution after cooling, analysis indicates 
that the liquid is largely composed of a rather unstable mono- 
hydrochloride of a sesquiterpene. The hydrocarbon regenerated 
from this liquid by the usual methods and purified by fractional dis- 
tillation closely resembles clovene in its physical properties and in 
the fact that it does not yield a crystalline hydrochloride, as is also 
the case with the sesquiterpene obtained as a by-product in the 
hydration of caryophyllene. The physical constants of these 
hydrocarbons are as follows : 

(1) B. p. 11I—113°/10 mm., d?” 0-924, nf” 1-4980, [Rz]p 64-7. 

(2) B. p. 110—114°/10 mm., di? 0-933, nif’ 1-5020, [Rz]p 64-5. 

(3) B. p. 110—114°/9 mm., di?" 0-926, ni” 1-5010, [R;]p 64:8. 

(1) Clovene, (2) sesquiterpene obtained by heating caryophyllene 
dihydrochloride with quinoline, (3) sesquiterpene obtained in hydr- 
ation of caryophyllene : [R,]p calculated for tricyclic sesquiterpene, 
64-4. It is evident that under the influence of mineral acids and 
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some other reagents, caryophyllene readily undergoes ring closure 
with formation of clovene or of another tricyclic sesquiterpene 
which is very similar to clovene in its physical properties. 

Clovene is attacked by potassium permanganate, but so far no 
definite oxidation products have been isolated, and all attempts 
to prepare an alcohol from it by hydration have been unsuccessful. 
It does not appear to yield either eudalene or cadalene when heated 
with sulphur, and therefore does not belong to either the eudesmene 
or the cadinene group of sesquiterpenes. 

We have recently discovered that modification of the conditions 
under which Wallach and Walker’s method of dehydrating caryo- 
phyllene alcohol is carried out results in the production of a mixture 
of clovene and another tricyclic sesquiterpene, which can be 
separated by fractional distillation. The new sesquiterpene, for 
which we propose the name isoclovene, is a colourless, somewhat 
viscous liquid, b. p. 130—131°/12 mm., di 0-943, nif’ 1-5039, 
[a}i’ —56-6°, [R,]p 64-11. It is characterised by the formation of 
a crystalline monohydrochloride, C,;H,;Cl, m. p. 87°, and monohydro- 
bromide, C,;H,,Br, m. p. 75°, from which the hydrocarbon may be 
regenerated in a pure state. These compounds are quite different 
from the remarkably stable substances of the same composition 
which are obtained by the action of phosphorus pentachloride and 
pentabromide on caryophyllene alcohol, which melt at 62° and 63°. 
isoClovene is much more unstable than clovene, resinifying quickly 
when exposed to air and becoming sticky and resinous even when 
enclosed. When heated to its boiling point with phosphoric oxide, 
it is completely decomposed, and thus the possibility of obtaining it 
from caryophyllene alcohol might easily escape notice. It unites 
with 1 mol. of bromine, but the dibromide is also very unstable. 

On treatment of a solution of tsoclovene hydrochloride in glacial 
acetic acid with silver acetate a good yield of the acetate of isoclovene 
alcohol was obtained. The alcohol, C,;H,,-OH, purified by re- 
crystallisation from ethyl acetate, is a colourless crystalline solid, 
m. p. 98°, [a]=” = 227°. It is saturated towards bromine, and 
presumably tertiary, because attempts to prepare esters were un- 
successful, the alcohol undergoing dehydration in the process; it 
does not react with phenylcarbimide. The melting point lies near 
to that of caryophyllene alcohol, but a mixture of the two melts 
about 20° lower; it is also more sparingly soluble in alcohol and in 
ethyl acetate than caryophyllene alcohol. 

The formule suggested by Semmler for 8- and y-caryophyllene 
(I and II) have been criticised on the ground that they are not in 
conformity with the now generally accepted view that the carbon 
nuclei of sesquiterpenes are built up of three isoprene nuclei. 
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Moreover, as Deussen has pointed out (J. pr. Chem., 1926, 114, 63), 
neither hydrocarbon yields a dihydro-compound on treatment with 
sodium and alcohol, and therefore presumably neither contains a 
conjugated double linkage. In a later paper (J. pr. Chem., 1927, 
117, 273) Deussen suggests formula (III) for y-caryophyllene, in 
consideration of the fact that he obtained succinic acid, along with 
other products, by the action of steam on its ozonide. If this is the 
constitution of y-caryophyllene, formula (IV) may be tentatively 
assigned to $-caryophyllene alcohol (compare Henderson, Robert- 
son, and Kerr, J., 1926, 62) and formula (V) to clovene. The 
relation of isoclovene to clovene remains for the present unsettled. 


JVN ra VN. eC, NBS 
€2 e. \H/ 
H,0 peat HC ¢Me,VH-CH, H; ei CH, 


| 
’ age ne oo HCC oi NG CMe 


(I.) (II.) 


Me cH, 
NY 


HG AS _ CH,-CH,-CMe:CH, wo 


= (IV.) 
Me-OH 


wa 


H (uIL.) H 
Nf if, H ‘cf, 


ExPERIMENTAL 


Preparation of 8-Caryophyllene Alcohol and its Dehydration 
Products.—Caryophyllene was repeatedly distilled at 13 mm. 
pressure, and four fractions, b. p. 109—115°, 115—120°, 120—123°, 
and 123—127°, were collected. Each fraction was hydrated by the 
method of Asshins and Tsukamoto (J. Pharm. Soc. Japan, 1922, 
463), which yields the «- as well as the 8-alcohol; there was very 
little difference in the quantities of the latter obtained from the 
several fractions. 100 C.c. of caryophyllene were added drop by 
drop to a mixture of 80 c.c. of absolute ether and 30 c.c. of sulphuric 
acid monohydrate cooled to 0°, the temperature of the reaction 
mixture being maintained below 10°. After the reaction mixture 
(kept in the cooling mixture) had reached room temperature, it was 
poured into a mixture of ice and sodium carbonate, and the alkaline 
liquid distilled in steam until nothing more passed over. The first 
portion of the distillate consisted mainly of a hydrocarbon: from 
the other portion the 8-alcohol crystallised on cooling; it was 
redistilled in steam and crystallised from acetone until its melting 
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point was 96°, 90 G. of phosphoric oxide were added in small 
portions to 70 g. of the alcohol heated to its melting point. The 
vigorous reaction was controlled by cooling and, when completed, 
the product was neutralised with sodium carbonate and distilled in 
steam. The oily liquid which passed over was extracted and dried 
(with anhydrous sodium sulphate) in ether and then distilled 
several times under diminished pressure. Two fractions were 
obtained : (1) a mobile oil, b. p. 11I—113°/10 mm., which proved 
to be clovene, and (2) a slightly more viscous oil, b. p. 115—118°/10 
mm. The latter was dissolved in twice its volume of absolute ether, 
cooled to 0°, and slowly saturated with hydrogen chloride. After 
standing for 3 days at that temperature, the ether was evaporated 
under diminished pressure and the dark oily residue cooled to 
—60°, with constant stirring. After some time the monohydro- 
chloride of isoclovene solidified ; after draining on a porous plate, it 
crystallised from ethyl acetate in hard colourless needles, m. p. 87° 
(Found: C, 74-6; H, 10-4; Cl, 14-6. C,;H,;Cl requires C, 74:8; 
H, 10-5; Cl, 14-7%). Unlike the parent hydrocarbon, this is a 
stable compound when pure. The monohydrobromide of isoclovene 
was prepared in a similar manner. It begins to crystallise from the 
cooled ethereal solution as saturation approaches, and when purified 
by recrystallisation from ethyl acetate forms colourless prisms, 
m. p. 75°. When impure it is apt to decompose on exposure to 
moist air (Found: Br, 28-2. C©,,H,,Br requires Br, 28-2%). 

The fraction of lower boiling point (111—113°/10 mm.) obtained 
along with isoclovene by the dehydration of caryophyllene alcohol as 
described above was treated in a similar manner with hydrogen 
chloride, but only a trace of the solid hydrochloride was formed. 
The great bulk of the product was a dark liquid, which after standing 
over soda-lime in a vacuum desiccator was found to contain 9-3% 
of chlorine. A similar liquid was obtained when the hydrocarbon 
formed as a by-product in the hydration of caryophyllene was 
purified by distillation over sodium and treated as above with 
hydrogen chloride. 

In another experiment $-caryophyllene aleohol was dehydrated 
according to Wallach and Walker’s method by treatment with 
phosphoric oxide at its boiling point and heating the liquid thus 
obtained a second time with the pentoxide. The final product in 
this case consisted solely of clovene, b. p. 110—113°/10 mm., and 
gave no crystalline hydrochloride. This result was to be expected, 
because we have found that isoclovene is completely decomposed 
when heated with phosphoric oxide even at temperatures below 
its boiling point. 

Pure isoclovene was obtained from the monohydrochloride as 
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follows : 3 g. of the hydrochloride and 3-5 g. of anhydrous sodium 
acetate were boiled under reflux with 25 c.c. of glacial acetic acid 
for 4 hours; the acid was then neutralised with sodium carbonate, 
the product extracted with ether, and the ethereal solution washed 
and dried. After evaporation of the ether the liquid which remained 
was distilled over sodium under diminished pressure, and isoclovene 
finally obtained as a colourless, somewhat viscous liquid, with the 
physical constants quoted above (Found: C, 87:8; H, 11:7 
C,;H., requires C, 88-2; H, 11-8%). When a solution of the 
hydrocarbon in two volumes of anhydrous ether is treated with 
hydrogen chloride and then concentrated, a quantitative yield of 
tsoclovene monohydrochloride separates quickly. 

Preparation of isoClovene Alcohol.—10-5 G. of silver acetate were 
added to a solution of 15 g. of isoclovene hydrochloride in 200 c.c. 
of glacial acetic acid, and the mixture was agitated in the dark for 
4days. After dilution with ice-water the acid was neutralised with 
sodium carbonate, and the crude ester extracted with light petroleum. 
The solution was dried over anhydrous sodium sulphate, the solvent 
distilled off, and the oily residue mixed with a little ethyl acetate 
and strongly cooled; about 10 g. of the ester then crystallised. 
When recrystallised from ethyl acetate it was quite colourless and 
melted at 25—26°. It was hydrolysed by warming with methy]l- 
alcoholic potassium hydroxide, and also by leaving a solution in 
ethyl acetate exposed to moist air for some weeks; the alcohol 
then slowly separated. After several crystallisations from ethyl 
acetate the alcohol melted sharply at 98°. It is optically active : 
at, = 0-65° (in alcohol, c = 0-5714, 1 = 0-5); [«]} = 227° (Found: 
C, 80-5; H, 11-2. C,;H,,O0 requires C, 81-1; H, 11-7%). It does 
not unite additively with bromine, and does not yield esters when 
treated with acetic anhydride, phthalic anhydride and p-nitro- 
benzoyl chloride, but is dehydrated when warmed with acetic 
anhydride. 


One of us (J. M. R.) is indebted to the Carnegie Trust for a 
Fellowship which enabled him to take part in this work, and we are 
grateful to Imperial Chemical Industries Ltd. for a grant which 
helped to defray the cost. 


UNIVERSITY OF GLASGOW. [Received, May 11th, 1929.] 
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CLXXIX.—The Interaction of Bromine with Acetic 
Anhydride. Part V. Bromination and Chlorin- 
ation compared (continued). Some Properties of 
Acetic Chloroacetic Anhydride. 


By Hersert Ben Watson and Cec, Epwarp GREGORY. 


Tue results described in Parts II and IV of this series: (Orton, 
Watson, and Hughes, J., 1927, 2458; Watson and Roberts, J., 
1928, 2779) indicate that the halogenation of acetic anhydride 
proceeds by two routes, A and B, as follows : 


(A) CH,°COX + X, = CH,X°COX + HX . . (Il) 
(CH,°CO),0+CH,X-COX — CH,X-CO-0-CO-CH,+CH,"COX (2) 
(B) (CH,°CO),0 —CH,-C(OH)-O-CO’-CH,. . . (3) 
CH,:C(OH)-O-CO-CH, + X, = CH,X-CO-0-CO-CH, + HX (4) 
the ultimate products (acyl halide and monohalogenated acid; 


Gal, Ann. Chim. Phys., 1862, 66, 187) then being formed by the 
further reactions 


(CH,-CO),0 + HX = CH,-COX + CH,CO,H . (5) 
CH,-CO,H-+CH,X-CO-0-CO-CH,=CH, X-CO,H+(CH,‘CO),0 (6) 


Section A of this scheme is supported by the results of Brickner 
(Z. angew. Chem., 1928, 41, 226), who has isolated, at certain 
stages of the chlorination of acetic anhydride, fractions having the 
boiling points of chloroacetyl chloride and acetic chloroacetic 
anhydride, respectively. Further, the production of acetyl bromide 
from acetic anhydride and bromoacetyl bromide (equation 2) has 
already been demonstrated (Part II), and the authors now find 
that, on distillation of a mixture of acetic anhydride and chloro- 
acetyl chloride, the products are acetyl chloride and either acetic 
chloroacetic anhydride (b. p. 80—85°/20 mm. Found: Cl, 25-9. 
Cale. for CH,Cl-CO-O-CO-CH, : Cl, 26%) or chloroacetic anhydride 
[m. p. 46-5°; compare Bischoff and Walden, Ber., 1894, 27, 2949. 
Found: Cl, 41-1. Cale. for (CH,Cl-CO),0: Cl, 415%], depending 
upon the relative proportions of the reagents. 

The halogenation of acetic acid has been shown (Watson, J., 
1925, 127, 2067; 1928, 1137; Part IV of this series) to proceed 
through the reactions 

CH,-COX + X, = CH,X°COX + HX . . (7) 

CH,X-COX + CH,°CO,H — CH,°COX + CH,X°CO,H (8) 
any reaction of the halogen with the enolic form of the acid being 
negligible. In both chlorination and bromination, the introduction 
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of a small quantity of acetic anhydride leads to a rapid reaction 
after an initial period of relatively low but increasing speed; there 
is no such initial period if an acyl halide is introduced, and the 
velocity is now proportional to the quantity of acyl halide. These 
facts leave no doubt that the halogenation proceeds through the 
halide, and not through the anhydride as suggested by Hentschel 
(Ber., 1884, 17, 1286), Shaw (J., 1923, 123, 2233), and Briickner 
(loc. cit.), The period of increasing velocity clearly represents the 
time needed for complete conversion of anhydride into acyl] halide. 

The reaction of acetic acid with one of its halogenated halides 
(equation 8) has not previously been studied fully, although acetyl 
bromide has been isolated by one of us (Watson, J., 1928, 1138) by 
distilling the acid with bromoacetyl bromide. The results described 
below indicate that reaction 8 occurs in two stages, the mixed 
anhydride of acetic and halogenated acetic acids being an inter- 
mediate product, thus : 

CH,X*COX + CH,°CO,H — CH,X-CO-0-CO-CH, + HX (9) 
CH,X-CO-0-CO-CH, +- HX =— CH,X-CO,H + CH,°COX (10) 
Acetic chloroacetic anhydride was prepared by the method of 

Anthoine (Jahresber., 1883, 1032), viz., by dropping chloroacetyl 
chloride into a paste of anhydrous sodium acetate (slight excess) 
and ether. The reaction mixture was kept cool during the addition, 
and then refluxed at 100°, and the mixed anhydride was obtained 
from the ethereal solution as a colourless oil. On heating it decom- 
posed, yielding molecular quantities of acetic anhydride and chloro- 
acetic anhydride (Found : Cl, 41-4%) : 9 

2CH,Cl-CO-0-CO-CH, = (CH,°CO),0 + (CH,CI-CO),0 (11) 
An analogous decomposition of the corresponding brominated 
anhydride is reported by Gal (Z. Chem., 1870, 597). When acetic 
chloroacetic anhydride is refluxed with a molecular proportion of 
chloroacetic acid, acetic acid and chloroacetic anhydride (Found : 
Cl, 41-2%) are formed : 
CH,Cl-CO,H + CH,Cl-CO-0-CO-CH, = CH,°CO,H + 

(CH,CI°CO),0 (12) 

Reaction of the mixed anhydride with hydrogen chloride takes 
place readily at room temperature, the products being acetyl 
chloride and monochloroacetic acid (Found: Cl, 37-5. Cale.: Cl, 
37-6%), as represented in equation 10. 

A knowledge of these properties of acetic chloroacetic anhydride 
renders it easy to understand the reactions which occur when 
acetic acid and chloroacetyl chloride are heated together. On 
refluxing molecular quantities of these reagents (120 g. and 225 g. 
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respectively) at 100°, a considerable amount of hydrogen chloride 
was evolved (giving a loss in weight of 60 g.), and the following 
were obtained by fractionation at atmospheric pressure: (a) 50 g. 
of acetyl chloride, distilling at 54°, (b) 30 g. at 54—150°, giving on 
refractionation some acetyl chloride and acetic anhydride but 
principally acetic acid, (c) 70 g. at 150—200°, yielding on redis- 
tillation a considerable quantity of acetic acid, and a white solid, 
m. p. 38—47°, containing 39-6% Cl and consisting of a mixture of 
chloroacetic acid and its anhydride, (d) 135 g. of chloroacetic 
anhydride (m. p. 45-2°. Found: Cl, 41:3%). The production of 
large quantities of acetyl chloride, acetic acid, and chloroacetic 
anhydride, with relatively small amounts of chloroacetic acid and 
acetic anhydride, may be attributed to the initial formation of 
acetic chloroacetic anhydride (equation 9), followed by reaction of 
the mixed anhydride with hydrogen chloride (equation 10) and 
with chloroacetic acid (equation 12), and to some extent by decom- 
position into acetic and chloroacetic anhydrides (equation 11). 
When, after removal of acetyl chloride, the remaining mixture was 
distilled under reduced pressure, a fraction boiling at 80—85°/20 mm. 
consisted mainly of acetic chloroacetic anhydride (Found: Cl, 
249%). It is clear, therefore, that the reaction of chloroacetyl 
chloride and acetic acid leads, in the first instance, to the formation 
of acetic chloroacetic anhydride, which may then undergo various 
other changes according to the experimental conditions. In the 
chlorination of acetic acid at 100°, the hydrogen chloride present 
in the system (from reactions 7 and 9) will bring about the con- 
version of the mixed anhydride into chloroacetic acid and acetyl 
chloride (equation 10), for this reaction proceeds readily even at 
room temperature. 

The scheme previously put forward to represent the halogenation 
of acetic acid is thus completely confirmed, with the single modi- 
fication that reaction (8) may be written in the two stages indicated, 
for the experimental results lead inevitably to the conclusion that 
the halogen reacts with the acyl halide, the monohalogenated acid 
being formed as the result of a reaction between the acid and the 
substituted halide. This is the only mechanism which is in complete 
harmony with the results of experiment. 


The authors wish to express their thanks to Professor Orton, 
F.R.S., for his interest in the work, to the Chemical Society for a 
grant from the Research Fund, and to Imperial Chemical Industries 
Ltd. for a grant made to this Department. 


UNIVERSITY COLLEGE OF NorTH WALES, 
BANGOR. [Received, May 17th, 1929.] 








1376 LOWRY AND LLOYD: THE PROPERTIES OF 


CLXXX.—T he Properties of Nicotine and its Derivatives. 
PartI. Molecular Extinction Coefficients. 


By THomas Martin Lowry and Wiiui4m Vivian Lioyp. 


THE optical properties of nicotine are of interest on account of the 
simple structure of the compound and its exceptional optical 
activity. Measurements of the optical rotatory power of the base 
for 27 wave-lengths from 6708 to 4046 A.U. (Lowry and Singh, 
Compt. rend., 1925, 181, 909) have shown that its rotatory disper- 
sion is approximately simple, the reciprocal 1/« tending towards a 
zero value at »2 = 0-06, » = 2450 A.U. The refractive indices have 
also been measured for 13 wave-lengths from 7685 to 4341 (Gifford 
and Lowry, Proc. Roy. Soc., 1927, A, 114, 592) but without any 
attempt to correlate the data either with the rotatory dispersion or 
with the absorption spectrum of the hase. 

1. Asymmetric Carbon and Nitrogen.-—The principal compounds 
investigated yen the present research are formulated below : 


4 H, HC ~ Ano Te 
of H, HG 


ng. | 


¢: He o- vag a On, a San ‘CH, 


(II. x Nicotine hydriodide. ¥ ) Nicotine. (III.) Nicotine methiodide. 


HC 4H, H, HC H,C—CH, HC 4H, H, 
AME AME 
HG A. CH, wi H CH, 2 ue H, 
a be H_tH, H bs H,C _ CH, 
A I hie i 


OH, I .H, OH,I 

(V.) Hydriodide of (IV.) Nicotine (VI.) Nicotine 

isomethiodide. tsomethiodide. dimethiodide. 

(i) The base (I) contains a single asymmetric carbon atom, which 
forms part of a saturated pyrrolidine ring; but it is also linked 
directly to the aromatic ring of the associated pyridyl radical and 
it is to this unsaturated system that we must look for an explan- 
ation of its selective absorption in the ultra-violet region and of the 
main characteristics of its rotatory dispersion. According to the 
usual conventions, nicotine does not possess an asymmetric nitrogen 
atom, since the tervalent nitrogen of the pyridyl ring can be 
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formulated with a double bond, and the tervalent nitrogen of the 
pyrrolidine ring is generally regarded as having a planar configur- 
ation. This conclusion is based on the failure of attempts to 
resolve unsymmetrical amines of the type NR, R,R,, but the altern- 
ative view, that the non-resolution of these compounds may be 
due to the small stability of an incomplete tetrahedron rather than 
to the existence of a stable planar symmetry, is not excluded, and 
in the case of nicotine would be expected to give rise to unequal 
concentrations of the d- and /-nitrogen atoms under the influence 
of the fixed asymmetry of the adjacent carbon atom of the base. 

(ii) The salts (II), on the other hand, contain a quaternary 
nitrogen atom which is obviously asymmetric and is perhaps a 
unique example of the occurrence of an asymmetric atom other 
than carbon in a natural organic compound (Lowry, Nature, 1926, 
117, 417). In view, however, of-the conditions under which salt 
formation takes place, it is clear that the proportion of d- and 
l-nitrogen atoms will be controlled in the first instance by the fixed 
asymmetry of the molecule; and the ready dissociation of the salts 
_ of tertiary amines makes it unlikely that these d- and /-components 
could be separated permanently. Even, therefore, if we suppose 
that the crystalline hydrochloride is really a pure I-C, d-N salt, it 
is probable that this would pass on dissolution into an equilibrium 
mixture of the Jd- and ll-forms, and that this process would be too 
rapid even to give rise to mutarotation under normal conditions of 
observation. 

(iii) In the methiodides (III and VI) the pyrrolidine nitrogen is 
again quaternary, but is not asymmetric, since it is now linked to 
two methyl groups; the isomethiodide (IV), on the other hand, is 
in the same condition as nicotine, since the base contains a planar { ?) 
atom of tervalent nitrogen which becomes quadricovalent and 
asymmetric in its salts (V). 

2. Molecular Extinction Coefficients.—The absorption spectrum of 
nicotine has been examined by Dobbie and Fox (J., 1913, 103, 
1193), who observed a single absorption band at 1/a = 3840 
(, = 2600 A.U.) “ almost midway between the heads of the bands 
for «- and 8-picoline ”’ (Baly and Baker, J., 1907, 91, 1122; Purvis, 
J., 1909, 95, 296). The head of the band was at 56 mm. of N’/5000- 
solution, so that log « = 3, approximately, presumably in alcoholic 
solution. In the present experiments, the molecular extinction 
coefficients of the base were measured both in water and in cyclo- 
hexane, and a number of soluble salts, including three methiodides, 
were also examined in water. The results of the observations are 
plotted in Figs. 1 and 2, and the positions of the maxima are set 
out in Table I. 
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The constancy, at about 2650 A.U., of the wave-length of maximum 
absorption is very striking, in view of the two-fold change of 
structure (namely, the conversion of a tervalent into a quinque- 


Fig. 1. 
Absorption spectra of nicotine and its zinc chloride compound. 
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valent atom of nitrogen and of a neutral molecule into a kation) 
which accompanies the formation of the methiodides and of the 
salts. It can be explained, however, if we remember that in many 
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ri 
of its properties the ion NH, resembles the molecule CH, even 
more Closely than does the molecule NH,. The aromatic character 
of the pyridyl ring is therefore preserved intact in these derivatives, 


Fie. 2. 
Absorption spectra of methiodides. 
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TaBre I. 
Maxima in Absorption Spectra. 


Substance. Solvent. Log e«. A. 
I Nicotine Water 2-49 2640 
I Nicotine cycloHexane 3-43 2650 
Zine chloride compound Water 3°79 2660 
IV ésoMethiodide Water 3°74 2660 
V isoMethiodide hydriodide Water 3°75 2640 
VI Dimethiodide Water 3-83 2670 


in spite of its ionic character. There is, indeed, no important 
contrast between the four “ quaternary’ compounds, for which 
log ¢ = 3-8 at 2660 A.U. and the free base in cyclohexane, where 
log « = 3-4 at 2650. On the other hand, when the base is dissolved 
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in water, the maximum falls to log « = 2-5 at 2640, and is nearly 
ten times less intense than in cyclohexane. This cannot be due to 
any mere failure of the base to combine with the water, since this 
would make the absorption in water similar to that in cyclohexane; 
and still less can it be explained by the formation of an ionised 
ammonium hydroxide, C,).H,,N, + H,O —-> [C,)H,;N,]*OH-, 
since the quaternary ion is three times more absorbent than the 
free base instead of ten times less. We are, therefore, obliged to 
fall back once more on the theory of Moore and Winmill (J., 1912, 
101, 1635) that aqueous solutions of weak bases contain un-ionised 
hydrates, and to suppose that in the case of nicotine this compound 
has an absorption which is at least ten times smaller than that of 
the free base, or may indeed not absorb at all but liberate 10% of 
the free base by dissociation. In view of the experiments of Decker 
and Kaufmann (J. pr. Chem., 1911, 84, 425) on the methyiiso- 
quinolinium bases, it may be suggested that the hydrate is formed 
by the saturation of a double bond of the aromatic ring, giving 
rise to a pseudo-base from which the picoline-like structure has 
disappeared, leaving only two conjugated double bonds, in much 
the same condition as in butadiene.* 


HC a +H,O —> HC ¢H-OH 

¥ Ya 
In this way we can understand why water behaves differently 
from inert solvents, and also from acidic hydrides which contain a 
more ionisable radical than hydroxyl, and which are therefore less 
ready to form non-ionised pseudo-salts. Since the equilibrium is 
evidently thrown right over to the side of the pseudo-base, the great 
readiness with which nicotine is oxidised is in agreement with the 
observation of Decker and Kaufmann that, although the “‘ ammon- 
ium ” base from ¢soquinoline methiodide is very stable, its aqueous 
solutions showing no change even on exposure to air for 72 hours, 
the isomeric “carbinol” base undergoes atmospheric oxidation 
very readily. 

In conclusion, attention may be directed to the development by 
the three methiodides (IV), (V), (VI), in the region beyond the 
absorption band, of a strong “ general absorption,” which is not 
shown by nicotine or its salts; this is perhaps associated with the 
methylation of the pyridyl nitrogen; but, since no observations 
were made with the liquid methiodide (of which the purity could 
not be guaranteed), this conclusion is only a provisional method 


* The process of hydration might, of course, also proceed further than this 
(compare Jephcott, J., 1919, 115, 104). 
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of summarising the data now available. Conversely, whilst the 
molecular extinction coefficient usually falls very steeply from the 
maximum on the side of longer wave-lengths, there is a wide exten- 
sion of absorption towards the visible region in the cases of nicotine 
in cyclohexane and of the isomethiodide in water; the common 
feature here is the presence of a tervalent nitrogen atom in the 
pyrrolidine ring. Finally, the four compounds in which the pyridyl 
nitrogen is ionised, whether with the help of a proton or of a methyl 
group, all exhibit in aqueous solutions a selective absorption which 
is twice as great as that of the free base in cyclohexane. 


EXPERIMENTAL, 

Purification of Nicotine—The nicotine was decolorised by dis- 
tillation under 2 mm. pressure in an atmosphere of nitrogen. The 
zinc chloride salt was then prepared by mixing the colourless 
nicotine (100 g. in 180 c.c. of 95% alcohol) with concentrated 
hydrochloric acid (140 g.) and alcoholic zinc chloride (180 c.c. of a 
solution containing 50 g. in 100 c.c.). The resulting double salt, 
C19H,,.N,,2HCI1,ZnCl,,H,O, was recrystallised three or four times 
from an equal weight of boiling 60% alcohol, and decomposed by 
adding potassium hydroxide (160 g. in 190 g. of water) to the salt 
(100 g. in 190 g. of water). The nicotine was separated, shaken 
for 24 hours with solid potassium hydroxide, and distilled in a 
vacuum. The second fraction was stored in a bottle from which 
air had been removed, but was redistilled before use. 

The monohydriodide of the base could not be made to crystallise, 
but the dihydriodide separated from alcohol in pale yellow crystals, 
m. p. 195°. 

The monomethiodide, prepared by mixing the base with an equi- 
molecular quantity of methyl iodide in methyl alcohol, was a yellow 
syrup which could not be made to crystallise. It was purified by 
precipitation from chloroform by addition of ether. 

The isomethiodide was prepared by the action of methyl iodide 
on the monohydriodide, the hydrogen iodide which had been used 
to “‘ block ” the pyrrolidine nitrogen being finally removed by the 
action of sodium carbonate. It was recrystallised from methyl 
alcohol and melted at 164°; its hydriodide crystallised from alcohol 
as a yellow salt, m, p. 209°. Pictet established its structure by 
oxidation to trigonelline (Ber., 1897, 30, 2117). 

The dimethiodide, prepared by the action on the base of an 
excess of methyl iodide in methyl alcohol, was recrystallised 
repeatedly from methyl alcohol and obtained as a pale yellow 
compound, m. p. 216°. 

cycloHexane was shaken mechanically with oleum for 2 days, 
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washed with water, shaken with calcium chloride and lime, distilled 
from calcium chloride and lime, and frozen eight times. It melted 
at 6-05°. 

The water was of conductivity standard. 

Acetic acid (glacial) was distilled from chromic anhydride, frozen 
and drained several times, and finally distilled from an all-glass 
apparatus with a long fractionating column. The freezing point of 
the pure acid was 16-71°. 

Acetone was purified through the sodium iodide compound by 
the Shipsey-Werner method, and was distilled over phosphoric 
oxide. 

The absorption spectra were measured with the new symmetrical 
form of Bellingham and Stanley’s spectro-photometer, usualiy at a 
concentration of M/10,000. 


Summary. 


Nicotine and its derivatives show a strong absorption band at 
2650 A.U., which is twice as strong in the zinc chloride compound 
and in the methiodides, but is ten times weaker when the base is 
dissolved in water. It is therefore suggested that the aqueous 
solu@6n may contain an un-ionised hydrate or pseudo-base of the 
type investigated by Decker in the isoquinoline series. 


LABORATORY OF PHYSICAL CHEMISTRY, 
CAMBRIDGE UNIVERSITY. [Received, May 11th, 1929.] 
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Potassium Hexathionate. By James Rippick PaRTINGTON and 
ALBERT FRED TIPLER. 


THE preparation of potassium hexathionate as described by Weitz 
and Achterberg (Ber., 1928, 61, 5399) has been repeated. Analysis 
of a specimen, very well washed and dried for several days in a 
vacuum desiccator, gave K, 21-5, 21-8; 8S, 50-3, 50-6 (Calc.: K, 
21-3; S, 525%). The sulphur was determined by oxidation with 
bromine water and precipitation as barium sulphate. The per- 
centage of potassium was found as described by Weitz and Achter- 
berg, by igniting the dry substance and weighing the residue as 
potassium sulphate, the assumption being made that neither 
potassium chloride nor other such impurity was present. 

Further analyses were carried out by the following method, 
which, with careful adjustment of details and of apparatus, gave 
easily reproducible results. (i) 10 C.c. of a solution of potassium 
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chlorate (approx. 0-6N), 30 c.c. of water, and 45 c.c. of con- 
centrated hydrochloric acid were boiled for 1 hour, the evolved gases 
were absorbed in a solution of potassium iodide (3-5 g. in 35 c.c. of 
water), and the liberated iodine was titrated with 0-098N-thio- 
sulphate: the normality of the potassium chlorate solution was 
found to be 0-64. (ii) This procedure was repeated with the addition 
of 20 c.c. of a solution of the substance (0-2406 g. of a less highly 
purified specimen in 100 c.c.), but only 10 c.c. of water being used. 
The volumes of 0-098N-thiosulphate used were 65 c.c. in (i) and 
34-5 c.c. in (ii) (mean values). 

As the percentage of sulphur in this specimen was 47-2, the ratio 
of the number of oxygen atoms added to the number of sulphur atoms 
in the molecule of the oxidised substance is 2-121, which agrees 
sufficiently well with the ratio 2-167 for hexathionic acid (the ratios 
for two other possible polythionic acids are heptathionic acid, 
2-286; pentathionic acid, 2-000). 

Potassium hexathionate was obtained only when the potassium 
thiosulphate used had been prepared by Foerster and Mommsen’s 
method (Ber., 1924, 57, 258), represented by the equation 2KSH +- 
4KHSO, = 3K,8,0, + 3H,O. The thiosulphate was obtained 
as the hydrate K,S,0,,1gH,O (Found: K,S,0,, 86-2. Calc. : 
K,S,0,, 864%). Several commercial specimens of thiosulphate 
yielded hardly any hexathionate. A thin film of sulphur produced 
on the walls of the preparation flask appeared to be prejudicial to 
the formation of hexathionate. These experiments seem to confirm 
in their main details the observations of Weitz and Achterberg.— 
East LonDON COLLEGE, UNIVERSITY oF Lonpon. [Received, 
April 29th, 1929.] 





The Photobromination of Coumarin. By Davip MaTTHEW WILLIAMS. 


BeRTHOUD and Nico.etT (J. Chim. Phys., 1928, 25, 40) have shown 
that the photobromination of «-phenylcinnamonitrile in carbon 
tetrachloride leads to an equilibrium. «-Phenylcinnamonitrile 
resembles coumarin, in that both will not react with bromine in the 
dark in a non-hydroxylic solvent (J., 1928, 343). It has now been 
found that the photobromination of coumarin leads to an equili- 
brium. In the case of the nitrile it is possible to reach the equili- 
brium from both ends, since the dibromide is stable for that purpose, 
but the dibromide of coumarin is too unstable to allow velocity 
measurements of its decomposition. 

The reaction was studied in light from a mercury-vapour quartz 
lamp and the reacting solutions were placed in tubes of quartz glass 
on a rotating table at an average distance of 18 inches from the lamp. 
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When the concentrations of the coumarin and bromine were 1/60M, 
carbon tetrachloride being used as solvent, equilibrium was reached 
in 25 minutes and 85-6% of the bromine had reacted. With chloro. 
form as solvent, equilibrium was reached in 45 minutes and 65-8°, 
of the bromine had reacted. With the nitrile under identical 
conditions, equilibrium was reached in about 60 minutes in carbon 
tetrachloride at 40-2% addition and in about 150 minutes in chloro. 
form at 35-4% addition. 

In the thermal reaction (loc. cit.) the velocity of bromination was 
invariably greater in chloroform. It seems that the reverse is true 
for the photobromination—THe Epwarp Davies CHEMICAL 
LABORATORIES, ABERYSTWYTH. [Received, May 9th, 1929.] 





A Micro-method for determining Semicarbazones and its Application 
to the Analysis of Ketones. By Raupu Prercivat Hopson. 


HyDRo.ysis with hydrochloric acid decomposes semicarbazide into 
ammonia and hydrazine. Rimini (Atti R. Accad. Lincei, 1903, 12, 
II, 376) determined semicarbazones by oxidising the hydrazine with 
an alkaline solution of mercuric chloride and measuring the nitrogen 
evolved. Maselli (Gazzetia, 1905, 35, i, 267) analysed the pure base 
and its salts by estimation of the ammonia formed. 

Maselli’s method was adapted to a micro-scale for semicarbazones, 
with the modification that the mercuric chloride was added to the 
acid so as to oxidise the hydrazine as it was formed during the 
hydrolysis. The essential reactions are : 


NH,-CO-NH-NH, + H,O = NH, + CO, + NH,"NH,. 
NH,-NH, + 2HgCl, = N, + 2Hg + 4HCl. 


A solution containing 15% hydrochloric acid and 5% mercuric 
chloride was used and hydrolysis was carried out by boiling under 
reflux for several hours in a hard-glass test-tube. The ammonia 
was then determined by Pregl’s modified micro-Kjeldahl method 
(‘‘ Quantitative Organic Microanalysis,’ 1924, p. 99. Transl. by 
Fyleman); the solution used for making the mixture alkaline was 
prepared by diluting a 40% solution of sodium hydroxide with an 
equal volume of a saturated solution of sodium thiosulphate (which 
is necessary for the decomposition of the. mercury ammonium 
complex). 

Experiments were carried out with semicarbazide hydrochloride 
and the semicarbazones of acetone and d-camphor. The results 
(Table I) show that the reaction is complete in 6 hours for semicarb- | 
azide, one of the three nitrogen atoms appearing as ammonia. 
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Taste I. 


The ammonification of semicarbazide and semicarbazones by 
hydrolysis with a solution of hydrochloric acid containing 
mercuric chloride (@ = ammonia nitrogen expressed as 
percentage of total nitrogen). 


Hydro- Hydro- 
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Substance. Mg. (hrs.). Substance. Mg. (hrs.). 
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* 0-1 G. of sucrose added. + 0-1 G. of sucrose added and mercuric 
chloride omitted. t Mercurie chloride omitted. 


The semicarbazones after 7 to 8 hours’ hydrolysis react in the same 
way, yielding one-third of their total nitrogen as ammonia. It is 
important when dealing with semicarbazones to destroy the hydr- 
azine, as the ketone released or organic impurities, if present, 
may cause a partial reduction to ammonia; this has been shown 


to occur when the mercuric chloride is omitted in the hydrolysis 
of semicarbazones and of a mixture of semicarbazide and sucrose. 

This method affords a means for the micro-determination of 
ketones, provided they can be converted quantitatively into their 
semicarbazones when present only in small amounts, and has been 
applied in this way for the analysis of pyrethrum (Tattersfield, 
Hobson, and Gimingham, J. Agric. Sci., 1929, 19, 266). It is not 
necessary to obtain the semicarbazones pure, but the excess of 
semicarbazide (and, if present, any impurities yielding ammonia 
on acid hydrolysis) must be removed. The separation of the semi- 
carbazone from the remaining semicarbazide may be carried out 
(a) by precipitation of the semicarbazone with water, (b) by evapor- 
ating the mixture to dryness and rémoving the semicarbazide by 
washing with water, (c) by evaporating the mixture to dryness and 
extracting the residue with ether, the ethereal solution being shaken 
with water to remove the semicarbazide.—ROTHAMSTED EXPERI- 
MENTAL STATION, HARPENDEN. [ Received, May 8th, 1929.] 











PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Ordinary Scientific Meeting, Thursday, January 17th, 1929, at 
8 p.m., Professor J. F. Toorpr, C.B.E., D.Sc., F.R.S., President, in 
the Chair. 


The PresmpEnT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 

Herbert Appleby June 19th, 1879. Nov. 17th, 1928. 
George Brownen Feb. 20th, 1873. Nov, 12th, 1928. 
Michael Hiddingh Mar. 17th, 1881. 1928, 

Feb. 20th, 1919. Aug. 16th, 1928. 
' Michitada Kawakita Dec. 16th, 1886. 1928. 
Tanjore 8. Natrajan Dec. 5th, 1912. Aug. 27th, 1928. 
Dadabhai C. Talati Feb. 21st, 1924. Dec. 17th, 1928. 
Charles R. Young June 18th, 1908. Dec. 26th, 1928. 


The PRESIDENT announced that the names of the Members of 
Council who retire at the Annual General Meeting on March 2\st, 
1929, and who are ineligible for re-election to the same office until 
after the lapse of one year, are as follows : 


Vice-President who has filled the Office of President: Prof. P. F. 
FRANKLAND. 
Vice-Presidents who have not filled the Office of President: Sir 
Rosert Ropertson and Prof. R. RoBrson. 
Ordinary Members of Council : 
(2) Town Members: None to retire. (Owing to there having 
been six vacancies in 1928.) 
(6) Country Members: Prof. H. V. A. Briscoz, Prof. R. Wayt- 
Law Gray, Dr. T. J. Nowan, and Prof. K. J. P. Orton. 
The following vacant places in the Council fall due to be filled 
at the Annual General Meeting of the Society, which will be held in 
Leeds on Thursday, March 21st, 1929, at 3.15 p.m. : 


Vice-Presidents who have filled the Office of 


Vice-Presidents who have not filled the Office of 
President 





Ordinary Members of Council : 


Country Members (i.e. those living beyond a 
radius of fifty miles from Charing Cross)... Four vacancies. 


The following were formally admitted Fellows of the Chemical 
Society : Spencer Mort, W. Rogie Angus, Rosalind V. Henley, 
Z. Kamil. 

Certificates were read for the first time in favour of : 


Sidney Harold Dalton Cakebread, B.Sc., 35, Godstone Road, Purley, Surrey, 

Nani Gopal Chakravarti, M.Sc., Presidency College, Calcutta. 

Charles Gaspard Daubney, M.Sc., A.I.C., 25, Holwood Road, Bromley, Kent. 

Kenneth Docksey, Knypersley Villas, Biddulph, Stoke-on-Trent. 

Henry Vincent Dodd, Rodenhurst, Belmont, Surrey. 

Alfred Henry Dunhill, M.C., White Fryars, Stanmore, Middlesex. 

Richard Campbell Feather, B.A., B.Sc., 3, Claremont Road, East Twickenham. 

James George Fife, B.Sc., A.I.C., 5, Warwick Road, Wanstead, E. 11. 

Ram Charan Gupta, Prof., M.Sc., Maharana’s College, Udaipur, Rajputana, 
India. 

Perey John Hardwick, B.Sec., 11, Balmuir Gardens, Putney, 8.W. 15. 

Arnold Kershaw, B.Sc., 127, Northgate, Huddersfield. 

Gerald Rhys Phillips, B.Sc., 6, Wimborne Terrace, Bideford. 

Eloi Ricard, Distilleries des Deux-Sévres, Melle, France. 

Frederick William Searle, 152, Downton Avenue, Streatham Hill, 8.W. 2. 

Leslie Percy Walls, B.A., B.Se., 167, Hook Road, Epsom. 

Denis Ward, B.Sc., Clevedon, Wheatley Avenue, Ben Rhydding, Ilkley. 

Ernest Thomas Wilkins, M.Sc., 54, Pepys Road, New Cross, S.E. 14. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) in favour of : 


Homer Adkins, Prof., M.A., Ph.D., 2103, Rowley Avenue, Madison, Wisconsin, 


U.S.A. 
Harold Eugene Bigelow, Prof., A.M., Ph.D., Sackville, New Brunswick, 


Canada. 
Livio Cambi, Prof., D.Sc., Viale Romagna 33, Milan (133), Italy. 
Pokianath Balarama Kurup, B.A., The Calicut Soaps & Candles Co., Ltd., 


Calicut, India. . 
Clarence Charles Vogt, A.M., Ph.D., Armstrong Cork Co., Lancaster, Pa., 


U.S.A. 


The following papers were read : 


“The chemistry of the three-carbon system. Part XX. cyclo- 
Pentylideneacetone and cyclopentylidenemethyl ethyl ketone.” 
By A. H. Dickxms, W. E. Huan, and G. A. R. Kon. 

“Non-existence of isomerism among the dialkyl telluronium 
dihalides.” By H. D. K. Drew. 

“The enzymic synthesis of hydroxyethylphosphoric acid.” By 
H. D. Kay. 
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THE 88th ANNUAL GENERAL MEETING AND ANNI- 
VERSARY DINNER, LEEDS, 21st MARCH, 1929. 


The Council has decided that the 88th Annual General Meeting 
and the Anniversary Dinner of the Society shall take place in Leeds, 
on Thursday, 21st March, 1929. 

It is the desire of the Council to make these meetings a special 
occasion for a general gathering of Chemists and those associated 
with Chemistry in the North of England, and in order that they may 
be representative of all branches of chemistry and chemical industry, 
the affiliated Societies and a number of Industrial Organisations 
have been invited’ and have agreed to co-operate. A General 
Committee has been formed, and at a meeting held at Leeds 
University on the 7th December the general arrangements were 
considered and an Executive Committee appointed to carry out the 
necessary details. Mr. H. 8. Patterson (The University, Leeds) 
has kindly agreed to act as Hon. Secretary. 

The Annual General Meeting will be held in the University of 
Leeds on Thursday, 21st March. The business portion of the 
meeting (open to Fellows only) will be held in the Chemistry Lecture 
Theatre at 3.15 p.m. The Presidential Address entitled, ‘‘ Co- 
operation in Science and Industry,’’ will be delivered by Professor 
J. F. Thorpe, C.B.E., D.Sc., F.R.S., in the Great Hall of the 
University at 4.30 p.m. 

The Anniversary Dinner will take place the same evening (‘Thurs- 
day, March 21st) at 7 for 7.15 p.m. in the Town Hall, Leeds, and the 
Council is gratified to state that the Society is to be honoured by the 
presence of the Viscount Lascelles, K.G., D.S.O., as the principal 
guest of the evening. 

The Dinner Tickets will be 12s. 6d. each, including gratuities. 

The Council hopes that there will be present a large and repre- 
sentative gathering of Fellows and others, with their guests (ladies 
or gentlemen). It will facilitate arrangements if application for 
dinner tickets be made at an early date, and in any event before 
Thursday, 14th March, 1929. Separate tables will be arranged as 
far as possible for members and their friends who desire to sit 
together. 

Applications should be sent direct to Mr. S. EH. Carr, The Chemical 
Society, Burlington House, Piccadilly, London, W. 1, and must be 
accompanied by a remittance for the number of tickets ordered. 

The Directors of the British Dyestuffs Corporation, Ltd., have 
kindly invited a limited number of Fellows and others attending the 
meetings of the Society on the 21st March to visit their works and 
laboratories at Huddersfield on Friday, 22nd March. Those desiring 
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to avail themselves of this privilege must inform Mr. H.S. Patterson 
(The University, Leeds) of their intention before the 19th March. 

The Railway Clearing House has granted facilities by which those 
attending the meetings on the 21st March will be able to travel from 
all parts of the country to Leeds at the reduced rate of an ordinary 
fare and one-third for the double journey, provided that not less 
than 100 persons avail themselves of this privilege. Tickets will be 
available from the 20th March to the 22nd March (inclusive). Those 
who wish to take advantage of this privilege must apply to Mr. S. E. 
Carr, The Chemical Society, Burlington House, Piccadilly, London, 
W.1, for a signed voucher, which must be surrendered at the Booking 
Office when the ticket is being purchased. ; 


Hotels. 
The following is a list of the hotels in Leeds at which accommo. 
dation can be secured : 
Cromer Hall Private Hotel. Mount Hotel. 
Great Northern Hotel. Queen’s Hotel. 
Hotel Metropole. Victory Hotel. 
Early application is advisable. 





List of Papers, or Abstracts thereof, received between 
December 20th, 1928, and January 17th, 1929. (This List does 
not include the titles of papers which have been read at an Ordinary 
Scientific Meeting or have appeared in the Journal.) 


“The inflammation of mixtures of the olefines and air in a closed 
spherical vessel.” By G. B. Maxwett and R. V. WHEELER. 

“Indian turpentine from Pinus longifolia, Roxb. Part V. The 
oxidation of d-A*-carene with Beckmann’s chromic acid 
mixture.” By C. 8. Grsson and J. L. SmmonseEn. 

“The electrolytic reduction of the imides of cyclic acids. (Pre- 
liminary note.)” By K. N. Menon and J. L. Smuwonsen. 

“‘ Diphenylaminearsinic acid. Part I. Derivatives of diphenyl- 
amine-4-arsinic acid.” By H. J. BarBer. 

“‘ Orientation effects in the diphenyl series. Part VII. The effect 
of substituents in one nucleus on the ratio of ortho: para 
nitration in the other. The nitration of 2- and 4-nitro- and 
2: 4- and 2: 4’-dinitro-diphenyl and of diphenyl-4-carboxylic 
acid.” By H. C. Gutt and E. E. Turner. 

“The nitration of phenylcyclohexane and of its p-halogeno-deriv- 
atives.” By H. A. Mayes and E. E. Turner. 

“The nitration of 4-chloro-4’-bromo-benzophenone and -diphenyl 
sulphone, and the attempted nitration of 4-chloro-4’-bromodi- 
phenyl.” By L. G. Grovss and E. E. Turner. 
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“The scission of diaryl ethers and related compounds by means of 
piperidine. Part II. The nitration of 2:4: 4’-trichlorodi- 
phenyl ether, 2:4-dichlorophenyl p-toluenesulphonate, and 
2:4-dichlorophenyl benzoate.” By L. G. Groves, E. E. 
TURNER, and (in part) G. I. Smarp. 

“Synthesis of 1-2:3:4:6-tetramethyl 3-gluconolactone and of 
1-2:3:4:6-tetramethyl 38-mannonolactone from l-2:3: 5- 
trimethyl arabofuranose.” By W. N. Haworrn and S. Pzar. 

“Organic derivatives of silicon. Part XXXVI. The formation 
of tri- and tetra-phenylsilicane and complex synthetical pro- 
ducts from octaphenylcyclosilicotetrane.”” By F. S. Kipprne 
and A. G. Murray. 

“Organic derivatives of silicon. Part XXXVII. Some deriv- 
atives of tri-p-tolylsilicane.’ By A. R. Srererx and F. S. 
KIpPING. 

“Some new sulphur derivatives of aromatic organic arsenicals. 
Part I.” By J. G. Everett. 

“The hydrates of neodymium selenate and their solubilities in 
water.” By J. A. N. FRIEND. 

“The ternary system mercuric chloride—-mercuric iodide—water.” 
By R. Sueprn. 

“ The nature of the alternating effect in carbon chains. Part XXX. 
The nitration of phenylbromocyanonitromethane, with special 
reference to an alleged example of intramolecular meta-rear- 
rangement.”’ By J. W. Baker and C. K. INGoxp. 

“The quinoxaline synthesis: some derivatives of 2 : 3-dimethyl- 
quinoxaline.” By 8. T. HENDERSON. 

“ Optical activity and the polarity of substituent groups. Part X. 
Influence of ionisable groups on the rotatory power of /-menthyl 
benzoate.” By H. G. Rutz and W. E. MacGiiiivray. 

“ The solubility of iodine in solutions of halides.” By J. S. CARTER 
and C. R. Hoskins. 

“ Photochemical equilibrium in nitrogen peroxide. Part II. The 
dependence of quantum efficiency on wave-length.” By 
R. G. W. NorrisuH. 

“Photochemica] equilibrium in nitrogen peroxide. Part III. A 
comparison of the thermal, photochemical, and electrical 
decompositions, and a general theory of the change.” By 
R. G. W. Norrisx. 

“Photochemical equilibrium in nitrogen peroxide. Part IV. 
Fluorescence and photochemicalactivity.” ByR.G.W.Norrisa. 

“Low-temperature oxidation of hydrocarbons. Part I. The 
pressure-temperature curves of amylene-oxygen mixtures.” 
By J. S. Lewis. 
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“ Substituted aromatic aldehydes in Hantzsch’s pyridine conden- 
sation. Part I. Methoxy-, chloro-, and hydroxy-benzalde. 
hydes.” By L. E. Hunker and W. R. Manz. 

“ Studies in keto-lactol tautomerism. Part II. Influence of the 
cyclohexane ring on the tautomeric character of cyclohexane-]- 
acetone-l-malonic acid; a comparison with cyclopentane-1- 
acetone-l-malonic acid and the syntheses of the corresponding 
3-keto-monobasic acids.” By M. Quprat-1-KHuUDA. 





CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, FEBRUARY 
2lsr, 1929. 


AcHMATOWICZ, OsMAN, 348, Banbury Road, Oxford. Tartar. Research 
Student. Doctor of Chemistry, Vilno University. Has been engaged in 
research for five years at Vilno University. (Signed by) W. H. Perkin, 
8S. G. P. Plant, E. Hope, J. M. Gulland. 

Barber, Harry James, 30, Bridgeman Road, Teddington, Middlesex. 
British. Research Chemist. B.Sc. (Lond.), Ph.D. (Lond.) (1st Class Hons. 
Chem.). Hons. Chemistry School, King’s College, 1922-24. Postgraduate 
Research, King’s College, 1924-27. Research, May & Baker, Ltd., 1927- 
present. J.C.S., 1928, 1141. (Signed by) Samuel Smiles, A. J. Allmand, 
A. J. Ewins. 

CAKEBREAD, SIDNEY Harotp Datton, Alwinton, 35, Godstone Road, 
Purley, Surrey. British. Chemist. B.Sc., East London College, University 
of London. To receive the Journal and to keep in touch with recent work 
in Chemistry. One of the Senior Chemists in the Laboratories of Messrs. 
J. Lyons & Co. (Signed by) J. R. Partington, F. E. King, W. H. Patterson. 

Cawtey, Cuar.es Mitts, 69, Richmond Road, Gillingham, Kent. English. 
Working for the M.Sc. degree. A.R.C.S. and B.Sc. at the Royal College of 
Science. For two years as student of the R.C.S. At present a research 
student in organic chemistry. (Signed by) E. H. Farmer, Jocelyn Thorpe, 
M. A. Whiteley. 

CHAKRAVARTI, Nani Gora, Department of Chemistry, Presidency College, 
Calcutta, India. Indian. Demonstrator in Chemistry, Presidency College, 
Calcutta, since 1926. M.Sc. (Lucknow University). University Post- 
Graduate Lecturer in Chemistry, Calcutta University since 1927. (Signed 
by) A. C. Sirear, P. K. Dutt, R. N. Sen, P. Neoji, J. N. Mukherjee, Chuni Lal 
Bose. 

CuaLuinor, SypNEy Wii11AMm, The “ Rosary,’’ Myvod Road, Wednesbury, 
Staffs. British. Research Student. Hons. B.Sc. (Birmingham Univer- 
sity). (Signed by) W. N. Haworth, H. D. K. Drew, E. L. Hirst. 

ConsTABLE, FrepERIcK Hurn, St. John’s College, Cambridge. British. 
Fellow of St. John’s College. M.A. (Cantab.), D.Sc. (Lond.), Ph.D. (Cantab.), 
Ph.D. (Lond.), F.I.C. Publications: ‘‘On Surface Catalysis in Hetero 
geneous Systems,’ Proc. Roy. Soc., A., 106, 251; 107, 255 (with W. 6. 
Palmer) ; 107, 270, 279; 108, 355; 110, 283; 118, 254; 115,570. Proc. Camb. 
Phil. Soc., 22, 738; 28, 172, 432, 594, 832. ‘“‘ The Nature of the Sintering 
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of Active Copper Catalysts,’’ J.C.S., 1927, 1578. (Signed by) T. M. Lowry, 
F. G. Mann, Eric K. Rideal. 

DAUBNEY, CHARLES GasPaRD, ‘“‘ Normanhurst,’’ 25, Holwood Road, 
Bromley, Kent. British. Chemist, Government Laboratory, London. M.Sc. 
(London), A.I.C. ‘* Research on the Antiscorbutic Factor in Lemon Juice,”’ 
Biochem. J., XX, 1926, 519, 1055; “‘ Research on the Lipins of Yeast,’’ ibid., 
XXI, 1927, 323; “‘ Research on the Unsaponifiable Fraction of Yeast Fat,” 
ibid., XXI, 869; ‘‘ Note on Analysis of Mixed Paints,’ J.S.C.I., Nov. 1928, 
1147. (Signed by) A. G. Francis, Cecil O. Harvey, L. J. Chalk. 

Desal, RANCHHODJI DasiBHal, 21, Cromwell Road, South Kensington, 
8.W.7. Indian. Research Student. B.A., M.Se. (Bombay), A.I.1.S8c. 
“Hongay Oil” (Pongamia Glabra, vent.); ‘‘ Iodine as a Catalyst in Re- 
actions involving Elimination of HCl” (J. Ind. Inst. Sci., 1923 and 1924); 
 Nitro-derivatives of Dibenzylaniline’’ (J. Ind. Chem. Soc., 1928, 5, 425). 
Served as a lecturer in chemistry for four years in Wilson College, Bombay, 
and Baroda College, Baroda. (Signed by) Jocelyn Thorpe, W. E. Hugh, 
M. A. Whiteley. 

Dry, AMARENDRA Nata, 153, Chamberlayne Road, Kensal Rise, N.W. 10 
(c/o Thos. Cook & Son, Berkeley Street, London). British subject. Student, 
doing research work in the Imperial College of Science and Technology, London. 
M.Sc., Allahabad University, British India; Passed’ the B.Sec., Allahabad 
University, obtaining the highest marks in chemistry, also got Government 
Scholarship of Merit. Passed first in M.Sc. and also obtained the highest 
marks among the candidates of M.A. and M.Sc. of the same year in that 
University. University Scholarship for two years. Doing research work 
since 1925. Research student in Allahabad University for three years. At 
present carrying on research in the Imperial College under Prof. Thorpe. 
Published papers, “‘ Induced Oxidation and its Mechanism,”’ Zeit. anorg. Chem.., 
1925, 144, 307-12; ‘*‘ Oxidation of Organic Acids by Potassium Permanganate 
and Chromic Acid,”’ Zeit. Elect. Chem., 1926, 32, 586-96. (Signed by) Jocelyn 
Thorpe, W. E. Hugh, R. P. Linstead. 

DIsCcOMBE, GEORGE, 48, King Edward’s Grove, Teddington, Middlesex. 
English. Student of Chemistry at Christ’s Hospital and University College, 
London. Placed “‘ proxime accessit’’ to the Andrews Scholarship in 1927, 
and awarded a University Scholarship in Chemistry in July 1928. Has spent 
one vacation and proposes to spend others in studying technical methods of 
analysis. (Signed by) F. G. Donnan, O. L. Brady, H. Terrey. 

DocxsEY, KENNETH, Knypersley Villas, Biddulph, Stoke-on-Trent. 
British. Metallurgical Chemist. City and Guilds Final Cert. Iron and Steel 
Manufacture. North Staffs. Tech. Coll. Certs. Inorganic and Organic 
Chemistry. Student for four years at the above-mentioned College. 
Chemist to Messrs. Robert Heath & Low Moor, Ltd. Chief Chemist and 
Assistant Works Manager of Messrs. Robert Hyde & Son, Ltd. (Signed by) 
H. V. Thompson, F. H. Clews, J. Lloyd Bentley. 

Dopp, Henry Vincent, Rodenhurst, Belmont, Surrey. British. Whole- 
sale Druggist, Chairman and Managing Director of Meggeson & Co., Ltd. 
Member of the Pharmaceutical Society. (Signed by) A. A. Kennedy, F. C. 
Dyche-Teague, Ernest J. Parry. 

DorRINGTON, BERTRAM JOHN FREDERICK, 287, New Cross Road, New 
Cross, §.E.14. English. School teacher. B.Sc., London. I did my 
academic training at King’s College, London, 1923-26, and then one year at 
London Day Training College. Now teaching in London and doing research 
work in inorganic chemistry at Sir John Cass Institute. (Signed by) A. M. 
Ward, Henry J. S. Sand, E. de Barry Barnett. 
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Dunuitt, AtFRED Henry, M.C., White Fryars, Stanmore, Middlesex, 
British. Director of Chemical and Tobacco Companies. For twelve years 
been actively engaged in the chemistry of tobacco. Carried out chemical and 
physical research (in our physical laboratories) on the design of a unique and 
new plant, now in existence, for the keeping of tobacco and cigars in the 
environment natural to their growth. Carried out researches on tobacco 
ash. Been actively engaged on the applicability of wood dyes, and the 
chemistry of essential oils relative to the flavouring of tobaccos. Scientific 
Director of Alfred Dunhill, Ltd., London, New York, and Paris. Chairman, 
Regent Pharmacy, Ltd., Manufacturing and Dispensing Chemists, London. 
Trained in the Chemical Laboratories of School and Dunhills, Ltd. (Signed by) 
Frank Radcliffe, Francis E. Corringham, Stanley J. Peachey. 

Etson, Leste ALDERMON, 27, Truro Road, Wood Green, N. 22. British, 
Research Chemist. B.Sc. (London), A.I.C. (Signed by) C. 8. Gibson, J. L, 
Simonsen, J. D. Johnson. 

FeatTHer, Ricuarp CAMPBELL, 3, Claremont Road, East Twickenham, 
Middlesex. British. Wholesale Druggist. B.A. (Oxon.), B.Sc. (London). 
Formerly scholar of University College, Oxford. Director of Messrs. Megge- 
son & Co., Ltd., Bermondsey, London, Wholesale Druggists. (Signed by) 
E. J. Bowen, H. Hartley, C. N. Hinshelwood, Henry Phillips. 

Firz, James Grorar, 5, Warwick Road, Wanstead, E.11l. British. 
B.Sc. (Lond.), A.I.C. Chemist to Climax Manufacturing Co., Ltd. Chemist 
and Works Manager, Palmyra Manufacturing Co., Ltd. Junior Assistant 
Chemist Dept. of the War Dept. Chemist, Woolwich. (Signed by) J. Kenyon, 
Henry Phillips, F. Bell. 

GaRLick, Epwarp THomas MERVYN, Block Chambers, Little Malop Street, 
Geelong, Victoria, Australia. British. Chartered Civil Engineer specialising 
in Sewage Treatment. M.Inst.C.E., also Associate of the Bendigo School 
of Mines (affiliated with the University of Melbourne). Member of the 
Royal Commission on Sanitation, 1926, Victoria, Australia, and took full 
charge of all chemical work for the Commission. Designed and constructed 
Colac Sewerage Works and operating same, Victoria, Australia. Designing 
and constructing Sewerage Works for Mildura, Shepparton and Echuca, 
Victoria, Australia. In 1924 and 1928 made tours through England, Germany, 
America and South Africa with view of keeping in touch with the latest 
practice in the treatment of sewage. 1906 to 1909 in charge of Chemical 
Laboratory of the Hampden Cloncurry Copper Mines, North Queensland. 
** A Graphic Method of Computing Mine Values,” Trans. Aust. Inst. Mining 
Engineers, 1910. (Signed by) Harri Heap, John Haworth, Wm. E. Speight, 
Raymond Ross. 

GatES-WARREN, Eustace LEONARD, The Retreat, 17, Chatsworth Road, 
West Norwood, 8.E.27. English. Schoolmaster. B.Sc. (Special Chemis- 
try), London. Student, Regent Street Polytechnic, 1924-28. (Signed by) 
H. Lambourne, B. R. Heasman, Albert E. Parkes. 

GAUNTLETT, JoHN MitDRED Danze, 414, Addison Gardens, W.14. British. 
Schoolmaster. B.Sc. (Lond.), 1920; M.Se. (Lond.), 1924. At present 
Science Staff, St. Edward’s School, Oxford. Formerly Demonstrator, Dept. 
of Chemistry, King’s College, London. J.C.S., 1923, 128, 1137 (with Arthur 
Fairbourne), ‘‘ Synthesis of 4-Hydroxy-1:2-dimethyl Anthraquinone.” 
1925, 127, 2745 (with Samuel Smiles), ‘“‘ Sulphonation of 4-Chlorophenol.” 
(Signed by) Samuel Smiles, A. J. Allmand, J. M. Gulland, W. H. Perkin. 

GEDYE, Gorpon RuPert, Trinity Hall, Cambridge. British. Student. 
B.A. (Camb.), 1928. Scholar of Trinity Hall. Research student in physical 
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cherristry at Cambridge University. (Signed by) Eric K. Rideal, R. G. W. 
Norrish, Gwyn Williams. 

Gupta, Ram CHaran, Maharana’s College, Udaipur, Rajputana, India. 
Hindu. Professor of Chemistry. M.Sc. (Lucknow). More than five years’ 
teaching experience. (Signed by) Hari Prasad, N. R. Dhar, K. P. Chatterjee. 

HaRpDwick, Percy Joun, 11, Balmuir Gardens, Upper Richmond Road, 
Putney, S.W.15. British. Temporary Assistant Chemist in the Govern- 
ment Laboratory, Strand. B.Sc. (Lond., External), University College, 
Exeter. Student at University College, Exeter, 1924-28. Obtained Honours 
(1st Class) in London B.Sc. (External) Examination in June 1928. Chemistry 
as special subject, mathematics subsidiary. Elected A.I.C. Oct. 1928. 
(Signed by) R. Robertson, Geo. Stubbs, J. J. Fox. 

HemMinG, FREDERICK, 15, Nightingale Road, Southsea, Portsmouth, 
British. Head of Pharmacy Department. Senior Lecturer (Pharmacy and 
Pharmaceutical Chemistry), 1919-27. Head of Department of Pharmacy, 
Municipal College, Portsmouth, since 1927. (Signed by) Walter H. Watson, 
J. Bernard Coleman, Henry B. Mackie. 

Hueues, Henry Matcotm Forrest, 37, High Street, Smethwick, Stafford. 
shire. English. Works Chemist. Student at Birmingham Municipal 
Technical College and sitting for London B.Sc. in June next. Have been for 
seven years Chemist with Messrs. J. and E. Sturge, Birmingham. (Signed by) 
J. Newton Friend, J. Cooper Duff, V. 8. George. 

Jones, Extrep Txomas, 149, Fillebrook Road, Leytonstone. British. 
Research Student at East London College. First Class Honours in Chemistry 
in B.Sc. (Lond.), 1928. Physics subsidiary to be taken in 1929. At present 
doing research in organic chemistry for M.Sc. degree. (Signed by) J. R. 
Partington, A. Robertson, D. C. Jones. 

Jones, Stipney Herserr, 85, St. George’s Road, 8S.W.1. English. 
Analytical Chemistry. Employed as an Analytical Chemist at G.W.R. 
Laboratories, Swindon. Studied analytical and general chemistry at the 
College, Swindon, 1917-25. (Signed by) A. M. Low, T. C. Davison, W. 
Jobson. 

KersHaw, ARNOLD, 127, Northgate, Huddersfield, Yorkshire. English. 
Research student. B.Sc. (Lond., External), Ist Class Hons., 1926. Research 
student from mid-summer 1926 to the present time at the Technical College, 
Huddersfield. [With Dr. H. H. Hodgson], “‘ Some Reactions of 3-Chloro-2- 
amino-anisole,’’ J.C.S., 1928, 191; “‘The 3-Halogeno-2-, -4-, and -6-Amino- 
phenols,” ibid., 1928, 2703. (Signed by) Herbert Henry Hodgson, James 
Bruce, Kenneth Ernest Cooper. 

LzescuerR, THomas Epwarp, O.B.E., 16, Oxford Road, Birkdale, Lancs. 
(56, Hanover Street, Liverpool). British. Managing Director, Evans Sons, 
Lescher & Webb, Ltd., Liverpool and London, Manufacturers of Fine Chemicals 
and Wholesale Druggists. Member and Honorary Auditor of the Pharma- 
ceutical Society. (Signed by) Jocelyn Thorpe, C. 8. Gibson, Francis H. Carr. 

Lesstiz, Mary STEPHEN, Bedford College, Regent’s Park, N.W.1. British. 
University Demonstrator. M.A., B.Se., Ph.D. (St. Andrews). [With Prof. 
A. McKenzie, F.R.8.], ‘‘ Uber Carbonethoxy-Derivate von Oxy-sauren,”’ Ber., 
1928, 61, 153. (Signed by) E. E. Turner, Florence R. Shaw, James F’, Spencer. 

Maize, CHartes H., 3, Aubrey Walk, Kensington, W.8. British. 
Chemical Engineer. I have had wide experience as a chemical engineer, 
chiefly in the construction of chemical and laboratory plants. For ten years 
a Director of The Western Tablet Co., Manufacturing Chemists, London, 
being in sole charge of the manufacturing side of the business. At present 
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a with Menley & James, Ltd., London, and making a study of colloidal 
chemistry. Desirous of becoming a Fellow of the Chemical Society so that I 
may come into closer contact with the progress of scientific chemistry and 
receive the publications of the Society. (Signed by) F. W. Crossley-Holland, 
H. R. C. Scott, F. H. Webb, J. M. Edwards. 

Manpbovur, ApBas Mousa Mousa, 24, Hill Top Mount, Harehills, Leeds. 
Egyptian. Student for B.Sc. Hons. of Chemistry in Leeds University (final 
year). Egyptian Diploma of a Pharmaceutical Chemist. Two years’ work as 
a Dispensing Chemist in the Egyptian Government hospitals. (Signed by) 
C. K. Ingold, J. W. Baker, W. A. Wightman. 

Mgr, ARTHUR JAmEs, 62, Rectory Grove, Woolwich, 8.E. 18. British. 
Schoolmaster. B.A. (Camb.), 1927, 2nd Class Hons., Part II Natural Sciences 
Tripos (Chemistry); B.Sc. (Lond.), 1927, lst Class Hons., special exam. 
Chemistry. Senior Chemistry Master, Newport School, Essex. (Signed by) 
W. J. Pope, W. H. Mills, Eric K. Rideal, R. G. W. Norrish. 

Narr, Hermy Ricuarp, 3 & 4, Clements Inn, W.C.2. Swiss. Chemical 
Merchant. Interested in Chemistry. (Signed by) L. R. B. Pearce, 8. I. Levy, 
F. B. Windle. 

Parkes, GrorGe Davip, Keble College, Oxford. British. Tutor and 
Lecturer of Keble College. B.Sc., M.A. (with 1st Class Honours in Chemistry), 
D.Phil. (Oxford). Demonstrator at the Queen’s College Laboratory, Oxford, 
since 1922. Tutor and Lecturer at Keble College, Oxford, since 1924. J.C.S., 
1923, 123, 669; 1924, 125, 465; 1924, 125, 1980; 1925, 127, 1307; 1926, 
129, 113. (Signed by) F. D. Chattaway, E. Hope, W. H. Perkin. 

Parsons, Lestiz Gzorce Brurt, 73, Lynton Avenue, Ealing, W. 13. 
English. Organic Research at the Royal College of Science. A.R.C.S., 
B.Sc. (Special). (Signed by) Jocelyn Thorpe, G. A. R. Kon, R. P. Linstead. 

PaTeL, CHATURBHAI SHANKARBHAI, 2, Hyde Terrace, Leeds. Indian. 
B.A. (Hons.), M.Sc. (Bombay), University of Bombay. Working as a Lecturer 
in Chem. Technology at Kala Bhavan Technical Institute, Baroda (India) for 
eight years. Published a paper in J. Ind. Chem. Soc., Vol. I, with K. G. 
Naik. (Signed by) C. K. Ingold, H. Burton, J. W. Baker. 

Paiurres, GERALD Rugs, B.Sc., F.R.G.S., 6, Wimborne Terrace, Bideford, 
N. Devon. British. Assistant Master, Bideford Grammar School. B.Sc. 
(Wales), U.C.W., Aberystwyth. Teaching experience, Sept. 1924 to present 
date. April 1928, Science Master at Manselton Central School, Swansea; 
1926-28, Lecturer in Advanced Science, Glamorgan C.C. Evening Technical 
Classes; Jan. 1929, Bideford Grammar School, N. Devon. (Signed by) 
T. Campbell James, D. M. Williams, L. J. Hudleston, C. R. Bury. 

PiLant, Mituicent Mary TxHeoposi4, 55, Willenhall Road, Bilston, Staffs. 
British. Research Student in Chemistry. B.Se. (Birmingham), Ist Class 
Honours in Chemistry. (Signed by) W. N. Haworth, E. L. Hirst, Wm. 
Wardlaw. 

Powpritt, Joxn, 20, Catlow Hall Street, Oswaldtwistle, Accrington, 
Lancs. British. Chief Chemist and Junior Assistant Gas Engineer of 
Accrington District Gas and Water Board. Final exams. Burnley Technical 
College, Organic Theoretical and Practical Chemistry, lst Class. Institution of 
Gas Engineers Higher Grade Certificate. (Signed by) Samuel Hill, James 
Booth, O. P. Cronshaw, J. W. Bell. 

Qvist, WaLTER GuNNAR THEODOR, Abo Academy, Abo, Finland. Finnish. 
Professor of General Chemical Technology, Abo Academy. Engineer with 
diploma (Technical University at Helsingfors). Doctor of Philosophy (Uni- 
versity of Helsingfors). Publications in Liebigs Annalen der Chemie, Bd. 417; 
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Zeitschrift fir analytische Chemie, Bds. 65 and 68; Berichte der Deutschen 
Chemischen Gesellschaft, Bd. 60; Biochemische Zeitschrift, Bd. 197; Der 
Papierfabrikant, Bd. 17; Acta Academiae Aboensis, Mathematica und Physica, 
Vols. III-V. (Signed by) G. J. Ostling, Walter Wahl, Gustav Komppa. 

RicaRp, Exot, Distilleries des Deux Sévres & Melle (Deux-Sévres). Fran- 
gais. Administrateur-délégué de la Société Anonyme des Distilleries des 
Deux-Sévres. Ingénieur des Arts et Métiers. Promoteurs de fabrications 
industrielles nouvelles, telles que fabrication acétone et alcool butylique 
par fermentation. ‘‘ Dishydratation de l’aleool pour obtention d’alcool 
anhydre.’’ ‘‘ Concentration des acides gros & l'état anhydre.’’ (Signed by) 
J. Vargas Eyre, H. B. Hutchinson, H. A. Auden. 

Roserts, Davip, 37, Water Street, Lianllechid, Bangor. British. 
Research Student. B.Sc., lst Class Honours in Chemistry, University of 
Wales. University student, University of Wales. (Signed by) Kennedy 
Orton, F. G. Soper, A. E. Bradfield. 

Rowe, JAMES WALKER, “ Malton,’’ Holmesdale Road, Orpington, Kent. 
British. Chemist. Chemist with Messrs. British Cellofoils, Ltd., for three 
years. A thesis on “ The Effect on Cellulose Fibres of Treatment in the 
Papermakers’ Beater,’ Proceedings of the Technical Section of the Paper- 
makers’ Association of Great Britain and Ireland, 1927, VIII, i, 177. (Signed 
by) S. Barratt, C. W. Bonniksen, H. Terrey. 

SEARLE, FREDERICK Wii1iam, “ Gable Cottage,’’ 152, Downton Avenue, 
Streatham Hill,S.W.2. British. Pharmacist at St. Bartholomew’s Hospital. 
Member of the Pharmaceutical Society. Teacher of Practical Pharmacy. 
Engaged in the examination of chemicals and drugs at St. Bartholomew’s 
Hospital. (Signed by) Francis H. Carr, Charles Alex. Hill, W. H. Hurtley. 

SLAUGHTER, SYDNEY WALTER, 90, Westcliff Park Drive, Westcliff, South- 
end-on-Sea, Essex. British. Technical Assistant to Chartered Patent Agent. 
B.Sc. (Lond.). My reason for desiring admission into the Society is that I 
wish, as a technical assistant, to keep in touch with progress in chemistry. 
(Signed by) S. Sugden, Henry Wilkins, W. W. Jones. 

Sponc, AtrrED HERBERT, Westminster College, 130, Horseferry Road, 
8.W.1. British. Lecturer in Chemistry. B.Sc. (Lond.), 1923. Teacher of 
Chemistry, 1925-27; Research Student at University College, London, 
1927-28; Lecturer at Westminster College from Oct. 1928. (Signed by) 
F. G. Donnan, P. C. Austin, H. Terrey. 

Srepman, Epear, 12, Woodburn Terrace, Edinburgh. British. Lecturer, 
Dept. of Medical Chemistry, Edinburgh University. D.Sc. (Lond.), Ph.D. 
(Edin.). J.C.S., “‘ Physostigmine”; Biochem. J., “‘ Haemocyanin and 
Synthetic Mioties.’”’ J.C.S., 1921, 119, 892; 1923, 123, 758; 1924, 125, 
1373; 1925, 127, 247; 1927, 1902. (Signed by) George Barger, Ellen Sted- 
man, W. O. Kermack. 

Trexce, Erset GERTRUDE, Grafton, Moxley Road, Darlaston, S. Staffs. 
British. Research Student in Chemistry. B.Sc. (Birmingham), Ist Class 
Honours in Chemistry. (Signed by) W. N. Haworth, E. L, Hirst, Wm. 
Wardlaw. 

Tuomas, Harry Aucustvus, 42, Cole Valley Road, Hall Green, Birming- 
ham. British. Research Student in Chemistry. B.Sc. Hons. (Ist Class 
Honours in Chemistry), Birmingham University, July 1928. Student at 
Birmingham University since Oct. 1925. Vacation Course at B.D.C., Black- 
ley, Manchester, Sept. 1927. (Signed by) W. N. Haworth, E. L. Hirst, H. A. 
Hampton. 

THORNE, RicHARD STANLEY WREy, 51, Newlyn Road, Tottenham, N. 17. 
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English. Student (Research). A.R.C.S., B.Se. (Royal College of Science, 
London). For the past two years a student of chemistry at the Royal College 
of Science and now a research student. Also a Government Exhibitioner. 
(Signed by) E. H. Farmer, M. A. Whiteley, Jocelyn Thorpe. 

Vernon, Witt1amM Harotp Jucers, 6, High Street, Wimbledon, 8.W. 19. 
British. Research Chemist. - D.Sc. (Lond.), Ph.D. (Lond.), B.Se. (Birm.), 
F.I.C. Author of First and Second Reports to the Atmospheric Corrosion 
Research Committee, Trans. Faraday Soc., 1924, 19, 839; 1927, 28, 113. 
** Formation of Protective Oxide Films on Copper and Brass by Exposure 
to Air at Various Temperatures,’’ J.C.S., 1926, 129, 2273. (Signed by) 
G. T. Morgan, Guy D. Bengough, J. M. Stuart. 

Watts, Lzstiz Percy, 167, Hook Road, Epsom, Surrey. British. 
Research Chemist. B.A. (Camb.), B.Sc. (Lond.). Research work at Chemical 
Research Laboratory, Teddington. (Signed by) G. T. Morgan, F. H. Burstall, 
J. W. Cook, J. E. Mitchell. 

Warp, Denis, “ Clevedon,’”? Wheatley Avenue, Ben Rhydding, Ilkley. 
British. Research Student in Organic Chemistry. B.Sc. (Leeds). (Signed 
by) C. K. Ingold, W. A. Wightman, E. Rothstein. 

Wrxtns, Ernest THomas, 54, Pepys Road, New Cross, 8.E. 14. British. 
Chemist. M.Se.(London). Ten years’ experience in the research laboratories 
of the South Metropolitan Gas Co. At present with Dept. of Scientific and 
Industrial Research (Fuel Research Station). (Signed by) A. R. Pearson, 
LT. J. Drakeley, H. J. S. King, D. H. Richardson. 

WItxms, Freperick James, 4, Humberstone Road, Cambridge. British. 
Research Student. M.Sc. (London). Student at Cardiff Technical College, 
1921-27. B.Se. (London), 1924; M.Se. (London), 1927. Research Student, 
Christ’s College, Cambridge, 1927 to date. (Part author) J.C.S., 1926, 125, 
1219. (Signed by) T. M. Lowry, Eric K. Rideal, Gwyn Williams. 

Wits, Jonn Norman, 58, Alfriston Road, Clapham Common, 8.W. 11. 
British. Technical Director. A.M.I.Mech.E. (by thesis). Member of the 
Institute of Fuel. Lecturer in senior class on Heat Engines and Applied 
Mechanics at Westminster Technical Institute. (Signed by) Fred J. Eaton, 
A. Bramley, C. Bateman, J. E. Hackford. 

Wootvin, CLiarENcE Sypnry, 35, Wyley Road, Radford, Coventry. 
British. Research Worker in Chemistry. B.Sc. Hons. (lst Class), Birming- 
ham. (Signed by) W. N. Haworth, E. L. Hirst, John V. Loach. 

Wricat, Winirrep Mary, Shaftesbury House, Shaftesbury Road, Cam- 
bridge. British. Research in Clinical Laboratory of Addenbrooke’s Hospital, 
Cambridge. M.A., Ph.D. (Cambridge). Yarrow Research Student, Girton 
College, 1925-27. Four papers on “ Oxidations on Charcoal” in J.C.S. 
Two papers on ‘‘ Decomposition of Hydrogen Peroxide ”’ in Zeit. f. Elektro- 
chemie and Trans. Faraday Soc. Rideal and Wright, J.C.S., 1925, 127, 1347; 
1926, 1813, 3182. Wright, ibid., 1927, 2323. (Signed by) Eric K. Rideal, 
Gwyn Williams, A. F. H. Ward. 

Wvoorten, Otri Virgo Anton, 1, Westfield Road, Edgbaston, Birming- 
ham. Finnish. Research Chemist. M.A. (University of Helsinki-Finn- 
land) for thesis and research work in chemistry. Assistant for practical 
organic chemistry (for session 1927-28) at the University of Helsinki. Now 
engaged in research work in the Chemistry Department of the University of 
Birmingham. Publications: ‘‘ Kemialtinen Kokeilukirja,’’ published by 
Otava, Ltd.; ‘ Kasvibiologisia Kokeita,’’ published by Otava, Lid.; Trans- 
lations of three German and two Swedish chemistry books into Finnish. 
(Signed by) W. N. Haworth, E. L. Hirst, Wm. Wardlaw. 
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The following Certificates have been authorised by the Council for 
presentation to ballot under Bye-Law I (2): 


Apxins, Homer, 2103, Rowley Avenue, Madison, Wisconsin, U.S.A. 
American. Professor of Organic Chemistry, University of Wisconsin. B.Sc. 
Denison), M.A. and Ph.D. (Ohio State University). Past Chairman and 
Councillor of Wisconsin Section of the American Chemical Society. (Signed 
by) Marston Taylor Bogert, H. T. Clarke. 

BIGELOW, Harotp EvceEngE, Sackville, New Brunswick, Canada. Canadian. 
Professor of Chemistry. B.A. (Mount Allison), A.B., A.M., Ph.D. (Harvard). 
Berichte der Deut. Chem. Gesellschaft, XX XXII, (1909), 1868 ‘‘ Wher 1:3: 5- 
Tri-iod-2-brom-4 : 6-dinitrobenzol,’”” Amer. Chem. Journal, XLVI, 1911, 549, 
‘“‘ 1:3: 5-Tri-iod-2-brom-4 : 6-dinitrobenzene and some of its Derivatives.’ 
Fellow and Charter Member, Canadian Institute of Chemistry. Dean, Mc- 
Clelan School of Applied Science, Mount Allison, Ont. (Signed by) C. 8. 
Gibson. 

Campi, Livio, Milano (133), Viale Romagna 33. Italy. Professor of 
Industrial Chemistry in the Royal University of Milan. D.Sc. (Bologna). 
Publications: R.A.L. Gaz. ch. It. Girn. chim. appl. It. Ber., from 1907 to 1928. 
(Signed by) G. Bruni, G. R. Levi. 

.CocHitt, Rospert Dovertas, George Street, Dunedin, New Zealand. 
British subject. Technical Chemist. Educated privately, later at King 
Edward Technical College (lst Class Certificate), and at Otago University ; 
studies interrupted by war. Research into matters affecting the fur-dyeing 
and woollen industries with particular success in the branding and fibre 
contamination (in wool) troubles. Investigations into uses for phormium 
tenax fibre has solved problems for producing sacking and spinnable fibre 
from this (references enclosed). Practical experience as a technical and 
manufacturing chemist. Member of the Society of Chemical Industry. 
(Signed by) R. Gardner. 

Kurup, PoxraratH Batarama, Calicut, India. Indian. Chemist. The 
Calicut Soaps and Candles Co., Ltd., Calicut. Advising Chemist, The United 
Chemical Works, Calicut. Bachelor of Arts of the Madras University with 
chemistry as main subject. Lecturer in Chemistry, Zamorin’s College, Calicut. 
(Signed by) V. M. Mascarenhas. 

PascuaL, José, Universidad, Sevilla (Espaiia). Espaiia. Professor of 
Organic Chemistry. (Signed by) Jocelyn Thorpe. 

Voer, CLARENCE CHARLES, Research Division, Armstrong Cork Co., 
Lancaster, Pa. American. Research Chemist. A.B., Wooster College, 
Wooster, Ohio; A.M., Ohio State University; Ph.D., Ohio State University. 
Professor of Chemistry, University of Pittsburgh, 1909-12. Fellow Mellon 
Institute, 1912-18. Chemist, U.S. Bureau Mines and Captain C.W.S., U.S. 
Army, 1918 (June—Dec.). Fellow, Mellon Institute, 1918-26. Research 
Chemist, Armstrong Cork Co., 1926 to date. Member Amer. Chem. Soc. 
Fellow A.A.A.8. (Signed by) Jocelyn Thorpe. 

WaGner, ALFRED, Pesterzsebet, Hungary, P.O. Box 32 (from Jan. Ist, 
1929, Leipzig-Gohlis, Berggartenstrasse 8, I.). German. Chemist. High 
School. ‘“‘ Essential QOils’’; ‘‘ Fabrication of Alcohol’; ‘‘ Synthetic Per- 
fumes and Derivatives’’; Knoll-Wagner, ‘‘ Synthetic and Isolated Per- 
fumes.’” Editor of Die Riechstoffindustrie. ‘“‘ Yearbook of Pharmacy,” 
1927, 260. (Signed by) Jocelyn Thorpe. 








ADDITIONS TO THE LIBRARY. 
_ I, Donations. 
(a) Presented by the Society of Chemical Industry. 


AMERICAN ASSOCIATION OF CEREAL CHEMISTS. Cereal Chemistry, 
Vol. III, ete. St. Paul, Minn. 1926+. (Reference.) 

AMERICAN PHARMACEUTICAL AssociATION. Journal. Vol. XVI, 
etc. Easton, Pa. 1927+. (Reference.) 

ANNALES DE CHIMIE ANALYTIQUE ET DE CHIMIE APPLIQUEE. 
Series 2. Vol. IV, etc. Paris 1922+. (For circulation.) 

ANNALES DES FALSIFICATIONS ET DES FRavuDES. Year XVII, 
etc. Paris 1924+. (For circulation.) 

ARCHIV DER PHARMAZIE UND BERICHTE DER DEUTSCHEN PHARMA- 
ZEUTISCHEN GESELLSCHAFT. 1924, ete. Berlin 1924+. (For 
circulation.) 

BRENNSTOFF-CHEMIE. Zeitschrift fiir Chemie und chemische 
Technologie der Brennstoffe und ihrer Nebenprodukte. Vol. V, 
ete. Essen 1924+. (Reference.) 

BREWERS’ JOURNAL, THE, and Hop and Malt Trades’ Review. 
Vol. LXI, etc. London 1928+. (Reference.) 

CARLSBERG, LABORATOIRE DE. Comptes-Rendus des Travaux. 
Vol. XIV, etc. Copenhague 1919+. (For circulation.) [Vols. 
XIV and XVI incomplete. ] 

CHEMISCHE UmscHau auf dem Gebiete der Fette, Ole, Wachse 
und Harze. Year XXXI, etc. Stuttgart 1924+. (For cir. 
culation.) 

CoLLEcIum. No. 633, etc. Darmstadt 1923+. (Reference.) 

Farapay Society. Transactions. Vols. I-VII, XV-XVII, 
XXI, ete. London 1905-11, 1919-22, 1925 +. (For circulation.) 

FARBEN-ZEITUNG. Fachblatt fiir die. Farben- und Lack-Indus- 
trie. Year XXX,etc. Berlin1926+. (Reference.) 

Fure.t Economist, THz. An engineering journal for the power 
producer and fuel technologist. Vol. I, etc. London 1925 +. 
(Reference.) [Vol. I incomplete. ] 

NATURWISSENSCHAFTEN, Die. Wochenschrift fiir die Fortschritte 
der reinen und der angewandten Naturwissenschaften. Year XVI, 
ete. Berlin 1928+. (Reference.) 

PERFUMERY AND ESSENTIAL Or Recoks. Vol. XV, ete. 
London 1924 +. (Reference.) 

PrerroLEum. Zeitschrift fiir die gesamten Interessen der 
Mineralél-Industrie und des Mineralél-Handels. Vol. XXI, etc. 
Berlin 1925 +. (Reference.) 





15 


Society or DyrERs anp Cotourists. Journal. Vol. XLI, etc. 
Bradford 1925+. (For circulation.) 

ZELLSTOFF UND Papier. Chemisch-technische Monatsschrift fiir 
die Zellstoff herstellenden und verarbeitenden Industrien. Year 
II, ete. Berlin 1922+. (Reference.) 

ZYMOLOGICA, CHIMICA DEI COLLOIDI E DEGLI ZUCCHERI. Year 
II, ete. Bologna 1927 +. (Reference.) 


(b) Miscellaneous donations. 

ASAHINA [YASUHIKO], Nakao, and Tsukamoto [TAKEO]. 
Schmelzpunkttabelle der organischen Verbindungen. Ein Hilfsbuch 
fir Pharmazeuten, Chemiker und Biologen. Tokyo 1928. pp. 
viii + 220 + 46. (Reference.) $5. 

From the Publisher: Mr. Nankodo. 

BaiLEy, Dororuy, and BattEy, KENNETH CLAUDE. An etymo- — 
logical dictionary of chemistry and mineralogy. London 1929. 
pp. Vili + 308. (Reference.) 25s. net. 

From the Publishers : Messrs. Edward Arnold & Co. 

Dusrisay, Renf. Legons sur la chimie générale. Paris 1928. 
pp. vi-+ 246. ill. 45 fr. (Recd. 31/12/28.) 

From the Publishers : MM. Gauthier-Villars et Cie. 

FaraDay Soctety. Cohesion and related problems: a general 
discussion. London 1928. pp. iv + [128]. ill. 108. 6d. net. 
(Recd. 22/12/28.) ® From Mr. N. K. Adam. 

GiBBs, JosIAH WILLARD. Collected works. 2 vols. New York 
1928. pp. xxviii + 434, xviii + 208 + vi-+ 284. ill. 30s. net. 
(Reed. 15/1/29.) From Dr. T. Slater Price. 

HawortH, Water Norman. The constitution of sugars. 
London 1929. pp. viii+ 100. ill. 8s. 6d. net. (Reed. 11/1/29.) 

From the Author. 

PARTINGTON, JAMES RippIcK, and TweEEpy, 8S. K. Calculations 
in physical chemistry. London 1928. pp. viii + 152. ill. 7s. 6d. 
net. (Recd. 9/1/29.) From Professor J. R. Partington. 

REDGROVE, HERBERT STANLEY. Scent and all about it: a 
popular account of the science and art of perfumery. London 
1928. pp. viii+ 100. 3s. 6d. net. (Recd. 11/1/29.) 

From the Publishers : Messrs. William Heinemann. 

Sprers, Henry Micuart. [Editor.] Technical data on fuel. 
World Power Conference, London 1928. pp. xii-+ 200. ill. 
(Reference.) 10s. 6d. net. From the Editor. 

Txuoms, Hermann. [Editor.} Handbuch der praktisehen und 
wissenschaftlichen Pharmazie. Vol. VI. Part viii. Berlin 1928. 
pp. 1921 to 2160. M. 10. 

From the Publishers : Herren Urban & Schwarzenberg. 
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WATERSTON, JOHN JAMES. Collected scientific papers. Edited, 
with a biography, by Jonn Scorr Hatpane. Edinburgh 1928. 
pp. Ixviii+ 709. ill. 25s, net. (Recd. 19/12/28.) 

From the Publishers : Messrs. Oliver & Boyd. 


II. By purchase. 


Baver, Max. Edelsteinkunde. 3rd edition. By Kari 
ScuLossMAcHER. Vol. I, etc. Leipzig 1928+-. ill. (Reference.) 
Br.tz, Herricu, and Brrtz, WinHELM. Laboratory methods 
of inorganic chemistry. . Authorized translation by Wu114M 
Tuomas Hatt and ARTHUR ALPHONZO BLANCHARD, 2nd edition. 
New York 1928. pp. xvi-+ [271]. ill. 12s. 6d. net. (Recd. 

20/12/28.) 

* Brook, Watter. Messen und Wagen. Ein Lehr- und Hand. 
buch insbesondere fiir Chemiker. Mit einer Einleitung: Die 
historische Entwicklung der Messkunde und des Mass- und Gewichts- 
wesens. By Fritz Puato. Leipzig 1928. (Chemische Technologie 
in Einzeldarstellungen.) pp. viii+ 339. ill. M. 28.  (Recd. 
15/1/29.) 

Burn, Josuvua Harotp. Methods of biological assay. London 
1928. pp. xviili+ 126. ill. 8s. 6d. net. (Recd. 20/12/28.) 

ButTLeR, JOHN ALFRED VALENTINE. The foundations of chemical 
thermodynamics. Part I. London 1928. pp. xii+ 207. ill. 
6s. net. (Recd. 20/12/28.) 

CiaRK, Witt1aM MansFIeLD. The determination of hydrogen 
ions. 3rd edition. [Baltimore] 1928. pp. xvi-+ 717. ill. 30s. 
net. (Recd. 20/12/28.) 

CRENNELL, J. T., and Lea, FrREepERICcCK MerasHam. Alkaline 
accumulators. London 1928. pp. x+ 132. ill. 10s. 6d. net. 
(Recd. 17/1/29.) 

Cross, Roy. A handbook of petroleum, asphalt and a 
gas. Physical and chemical properties, specifications, methods of 
analysis, economics and statistics, refining processes, patents, tables 
and bibliography. Bulletin No. 25, Kansas City Testing Laboratory. 
Kansas City, Mo. 1928. pp. 832. ill. 35s. net. (Reed. 17/1/29.) 

CumMING, ALEXANDER CHARLES, and Kay, SypNEY ALEXANDER. 
A text-book of quantitative chemical analysis. 5th edition. 
London 1928. pp. xvi+ 440. ill. 15s. net.. (Recd, 22/12/28.) 

Extitms, JosrerpH W. Water purification. 2nd edition. New 
York 1928. pp. xii+ 594. ill, 35s. net. (Recd. 17/1/29.) 

Eynon, Lewis, and Lanz, JosepH Henry. Starch: its 
chemistry, technology and uses. Cambridge 1928. pp. viii + 256. 
ill, 12s. 6d. net.. (Reed. 17/1/29.) 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, February 7th, 1929, at 
8 p.m., Str Rosert Rosertson, K.B.E., D.Sc., F.R.S., Vice- 
President, in the Chair. 


Reference was made to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
William J. Bowis July 5th, 1906. Jan. 25th, 1929. 
Henry J. H. Fenton Dec. 5th, 1878. Jan. 13th, 1929. 
Charles A. Kelly Feb. 18th, 1926. Jan. 12th, 1929. 


Certificates were read for the first time in favour of : 


John Norman Aldington, B.Se., 46, Long Lane, Ashton-on-Ribble, Preston. 

Hla Baw, B.Sc., 3, Tylney Road, Sheffield. 

Jack Bloom, B.Sc., 38, Albert Grove, Leeds. 

David Lloyd Emrys Evans, 10, Victoria Square, Aberdare. 

James Galloway, 30, Buccleuch Street, Garnethill, Glasgow. 

Constance Higginbottom, M.Sc., Quarry Bank, New Mills, Stockport. 

John Lloyd Jones, B.A., B.Sc., 374, Hartham Road, N. 7. 

Dadabhoy Maneckshaw Karkhanavala, Tardeo Terraces, Tardeo Road, 
Bombay. 

John Craven Laycock, The Spinney, Market Lavington, Wilts. 

Margaret Augusta Leishman, B.A., B.Sc., Wyberton, Park Hill Road, 
Croydon. 

William Rowe Littlejohn, B.Sc., Ronda, Evesham Road North, Reigate. 

William George Moffitt, B.Sc., Bridge House, Carleton Road, Pontefract. 

Birendra Lal Nandi, M.Sc., Prome Hall, University Estate, Rangoon. 

Stuart Wortley Pennycuick, D.Sc., The University, Adelaide. 

Thomas Moore Ridley, 18, Scotland Road, Carlisle. 

Frank Albert Royle, M.Sc., Ph.D., Research Department, The Graesser 
Monsanto Chemical Works, Ltd., Ruabon. 

Leopold Ruzicka, Prof., Dr. Ing., Organic Chemical Laboratory, Catharijne- 
singel 59, Utrecht. 

Masanobu Terasaka, Tokushima Technical College, Japan. 

Leonard Noel Tyrrell, 6, Providence Road, Yiewsley, Middlesex. 
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The following papers were read : 

“ Indian turpentine from Pinus longifolia, Roxb. Part V. The 
oxidation of d-A*-carene with Beckmann’s chromic acid 
mixture.” By C. 8S. Grspson and J. L. SIMONSEN. 

‘“* A new method for preparing substituted diphenylamines.” By 
A. W. CHAPMAN. 

“Compounds of the tryparsamide type. Part I. Resolution of 
N-phenylalanine-4-arsinic acid and of its amide.” By C. 5S. 
Gipson, J. D. A. Jounson, and B. Levin. 

‘ 10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
VII. The synthesis of the l-methyl- and of the 3-methyl- 
homologues.” By C. 8. Grsson and J. D. A. JoHNsoN. 





Ordinary Scientific Meeting, Thursday, February 21st, 1929, at 
8 p.m., Professor J. F. THorrz, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 


The Presmvent referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Hugh B. Collins Feb. 18th, 1892. Feb. 12th, 1929. 
George W. Gray Feb. 20th, 1913. Feb. 12th, 1929. 


Certificates were read for the first time in favour of : 


Rupert Woolby Brooke, 19, Gloucester Road, South Kensington, 8.W. 7. 

Francis Alan Butt, Pentire, St. Mary’s Hill, Paignton. 

Robert Neil Cunningham, B.Sc., 62, Blenheim Gardens, N.W. 2. 

Andrew Home-Morton, M.Inst.0.E., M.I.Mech.E., M.I.E.E., The “‘ Roche” 
Laboratories, 51, Bowes Road, N. 13. 

Andrew Kent, M.A., B.Se., 207, Kenmure Street, Glasgow. 

Sokichi Nakanishi, Pharmaceutical Institute, Imperial University, Tokyo. 

Eiji Ochiai, Pharmaceutical Institute, Imperial University, Tokyo. 

Charles Gordon Smith, M.Se., Craigside, Higher Bebington, Cheshire. 

Andrew Theodore Sumner, B.Sc., Melatti, Hurst Road, East Molesey. 

Bernard Thomas Dudley Sully, B.Sc., A.R.C.S., A.I.C., 10, Old Town, Clap- 
ham Common, S8.W. 4. 


The following certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 
Lawrence Harvey Cook, Prof., A.M., Box 607, Menlo Park, Cal., U.S.A. 
Michael Angelo O’Callaghan, Florida 734, Buenos Aires, Argentine. 

Dr. H. J. Emeléus and Dr. C. D. Langford were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 





Osman Achmatowicz, D.Chem. 

Homer Adkins, M.A., B.Sc., Ph.D, 

Harry James Barber, B.Sc., Ph.D. 

Harold Eugene Bigelow, B.A., A.M., 
Ph.D. 

Sidney Harold Dalton Cakebread, 
B.Sc. 

Livio Cambi, D.Sc. 

Charles Mills Cawley, A.R.C.S., B.Sc. 

Nani Gopal Chakravarti, M.Sc. 

Sydney William Challinor, B.Sc. 

Robert Douglas Coghill. 

Frederick Hurn Constable, 
D.Se., Ph.D., F.1.C. 

Charles Gaspard Daubney, M.Sc., 
A.I.C. 

Ranchhodji Dajibhai Desai, B.A., 
M.Se. 

Amarendra Nath Dey, M.Sc. 

George Discombe. 

Kenneth Docksey. 

Henry Vincent Dodd. 

Bertram John Frederick Dorrington, 
B.Se. 

Alfred Henry Dunhill, M.C. 

Leslie Aldermon Elson, B.Sc., A.1.C. 

Richard Campbell Feather, B.A., B.Sc. 

James George Fife, B.Sc., A.I.C. 

Edward Thomas Mervyn Garlick, 
M.Inst.C.E. 

Eustace Leonard Gates-Warren, B.Sc. 

John Mildred Deane Gauntlett, M.Se. 

Gordon Rupert Gedye, B.A. 

Ram Charan Gupta, M.Sc. 

Perey John Hardwick, B.Sc. 

Frederick Hemming. 

Henry Malcolm Forrest Hughes. 

Elfed Thomas Jones, B.Sc. 

Sidney Herbert Jones. 

Arnold Kershaw, B.Sc. 

Pokiarath Balarama Kurup, B.A. 

Thomas Edward Lescher, O.B.E. 


M.A., 


The following papers were read : 


“Photochemical equilibrium in nitrogen peroxide. 
dependence of quantum efficiency on wave-length.” 


R. G. W. NorrtsH. 


“ Photochemical equilibrium in nitrogen peroxide. 
comparison of the thermal, photochemical, and electrical 


decompositions, and a general theory of the change.”’ 


R. G. W. Norrtsa. 
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Mary Stephen Lesslie, M.A., B.Sc., 
Ph.D. 

Charles H. Maile. 

Abbas Mousa Mousa Mandour. 

Arthur James Mee, B.A., B.Sc. 

Hermy Richard Napp. 

George David Parkes, M.A., B.Sc., 
D.Ph. 

Leslie George Brutt Parsons, B.Sc., 
A.R.C.S. 

José Pascual. 

Chaturbhai Shankarbhai Patel, B.A., 
M.Se. 

Gerald Rhys Phillips, B.Sc. 

Millicent Mary Theodosia Plant, B.Sc. 

John Powdrill. 

Walter Gunnar 
D.Phil. 

Eloi Ricard. 

David Roberts, B.Sc. 

James Walker Rowe. 

Frederick William Searle. 

Sydney Walter Slaughter, B.Sc. 

Alfred Herbert Spong, B.Sc. 

Edgar Stedman, D.Sc., Ph.D. 

Ethel Gertrude Teece, B.Sc. 

Harry Augustus Thomas, B.Sc. 

Richard Stanley Wrey Thorne, B.Sc., 
A.R.C.S. 

William Harold Juggins Vernon, 
D.Se., Ph.D., F.1.C. . 

Clarence Charles Vogt, A.M., Ph.D, 

Leslie Percy Walls, B.A., B.Sc. 

Alfred Wagner. 

Denis Ward, B.Sc. 

Ernest Thomas Wilkins, M.Sc. 

Frederick James Wilkins, M.Sc. 

John Norman Williams, 
A.M.1.Mech.E. 

Clarence Sydney Woolvin, B.Sc. 

Winifred Mary Wright, M.A., Ph.D. 

Olli Viljo Anton Wuorinen, M.A. 


Theodor Qvist, 


Part II. The 
By 


Part III. A 


By 
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‘Photochemical equilibrium in nitrogen peroxide. Part IV. 
Fluorescence and photochemical activity.” By R. G. W. 
NoRRISH. 

“The reactions of nitrosulphonyl chlorides. Part I. The reaction 
of hydrazine hydrate with o-nitrosulphonyl chlorides.” By 
A. T. Dann and W. Davies. 





THE T. W. RICHARDS MEMORIAL LECTURE. 


The T. W. Richards Memorial Lecture will be delivered by Sir 
Harold Hartley, M.C., C.B.E., F.R.S., on Thursday, April 25th, 
1929, at 5.30 p.m., in the Meeting Hall of the Institution of 
Mechanical Engineers, Storey’s Gate, Westminster, S.W. 1. 


THE 88th ANNUAL GENERAL MEETING AND 
ANNIVERSARY DINNER. 


The 88th Annual General Meeting, and the Anniversary Dinner 
of the Society, will take place in Leeds on Thursday, March 21st, 
1929. 

The Annual General Meeting will be held in the University, the 
business portion of the meeting (open to Fellows only) taking place 
in the Chemistry Lecture Theatre at 3.15 p.m. The Presidential 
Address, entitled ‘‘ Co-operation in Science and Industry,’’ will be 
delivered by Professor J. F. Thorpe, C.B.E., D.Sc., F.R.S., in the 
Great Hall of the University at 4.30 p.m. Tea will be served at 
4 p.m. 

The Anniversary Dinner will take place the same evening at 7 for 
7.15 p.m., in the Town Hall, Leeds, and the Society is to be honoured 
by the presence of the Viscount Lascelles, K.G., D.S.0., as the 
principal guest of the evening. 

The Dinner tickets will be 12s. 6d. each, including gratuities, 
application for which must be made at an early date (in any event 
before Thursday, March 14th, 1929,) to Mr. S. E. Carr, Assistant 
Secretary, The Chemical Society, Burlington House, Piccadilly, 
W.1, accompanied by a remittance for the number of tickets 
ordered. Separate tables will be arranged as far as possible for 
members and their friends who desire to sit together. 

The Directors of the British Dyestuffs Corporation, Ltd., have 
most kindly invited a limited number of Fellows and others attend- 
ing the meetings of the Society on March 21st to visit their works 
and laboratories at Huddersfield on Friday morning, March 22nd, 
1929. Those desiring to avail themselves of this privilege must 








inform Mr. H. 8. Patterson (The University, Leeds) of their inten- 
tion before March 19th, 1929. 

The Council has accepted an invitation from the British Research 
Association for the Woollen and Worsted Industries for Fellows 
attending the meetings in Leeds to visit their laboratories in 
Torridon, Leeds, on Friday, March 22nd, and also from the British 
Research Association for the Silk Industry to visit their exhibition 
and laboratories at the University of Leeds on March 21st and 22nd. 

The Railway Clearing House has granted facilities by which those 
attending the meetings on March 21st will be able to travel from 
all parts of the country to Leeds at the reduced rate of an ordinary 
fare and one-third for the double journey, provided that not less 
than 100 persons avail themselves of this privilege. Tickets will 
be available from March 20th to 22nd (inclusive). Those who 
wish to take advantage of this privilege must apply to Mr. 8. E. 
Carr, The Chemical Society, Burlington House, Piccadilly, London, 
W. 1, for a signed voucher, which must be surrendered at the Booking 
Office when the ticket is purchased. 





List of Papers, of Abstracts thereof, received between January 
17th and February 21st, 1929. (This List does not include the 


titles of papers which have been read at an Ordinary Scientific 
Meeting or have appeared in the Journal.) 


“ Metallic peroxides in group II of the periodic table.” By T. R. 
PERKINS. 

“Die konstitutionsformel des benzols und der benzolreihe.” By 
P. GEISSLER. 

“The nitration of m-acetamido-tert.-butylbenzene.” By J. B. 
SHoxsmiTH and A. Mackin. 

“The combustion of charcoal in oxygen, nitric oxide, and nitrous 
oxide. Part I. The adsorption of oxygen.” By M.S. Swan. 

“The combustion of charcoal in oxygen, nitric oxide, and nitrous 
oxide. Part II. The effect of temperature.” By M.S. Swan. 

“The reaction between charcoal and nitrous oxide : the importance 
of fixed oxygen.”’ By M.S. Suan. 

“The catalytic decomposition of nitrous oxide.” By M. S. Swan. 

“ An apparatus for gas analysis.”” By M. S. Smau. 

“The action of ortho-phenylenediamines upon dihydroxytartaric 
acid.” By F. D. Caarraway and W. G. Humparey. 

“ Salicylaldehyde and its methyl ether.” By M. Copisarow. 

“Notes on certain diphenyl compounds; the formation of stable 
12 : 15-octdiazines, etc., in the diphenyl series. Nuclear 
rotation about the common axis.” By R. J. W. Le Fivre. 





“Mobile anion tautomerism. Part III. A comparison of the 
activation of three-carbon anionotropic systems by alkyl and 
aryl groups.” By H. Burton. 

“ The nitration of phenylbenzylamine derivatives.’ By J. REmty, 
P. J. Drumm, and T. V. CREEDON. 

“ The stability of complex metallic salts.’ By F. G. Mann. 

“The complex cobaltic salts of 88'B’’-triaminotriethylamine.” By 
F. G. Mann. 

“Compounds of hydroxides of the alkaline earths with sugars.” 
By J. E. Mackrnzie and J. P. Quin. 

“The mobility of symmetrical triad (prototropic) systems. Part 
IV. Mobility in the simple three-carbon system terminated 
by aryl groups.”” By C. K. Incotp and C. W. SHopPEE. 

“‘ The systems N-butyl alcohol—water and N-butyl alcohol-acetone- 
water.”” By D. C. Jonzs. 

“Syntheses of cyclic compounds. Part V. The catalytic and 
thermal decompositions of some normal dibasic acids. A 
contribution to the problem of the ease of formation of simple 
carbon rings.” By A. I. VoGEt. 

“‘ Studies in the composition of coal. Plant entities as oil-yielding 
constituents.”” By R. Hotroyp and R. V. WHEELER. 

“The determination of unsaturated and aromatic hydrocarbons 
in light oils and motor spirits.” By A. B. Mannina. 

“The preparation of p-azoxyanisole and derivatives.” By W. 
Davrss and R. A. R. Down. 

“Synthetical experiments on the aporphine alkaloids. Part V. 
Laurotetanine. A synthesis of 2:3: 6: 7-tetramethoxyapor- 
phine.” By R. K. Cattow, J. M. Guiianp, and R. D. 
HAWORTH. 

‘* Synthetical experiments on the aporphine alkaloids. Part VI. 
Laurotetanine. -A synthesis of 3; 4:6 : 7-tetramethoxyapor- 
phine.” By R. K. Cattow, J. M. Gutmann, and R. D. 
HawoktTu. 

“Studies in colour and constitution. Part V. The influence of 
chlorine, alone and in conjunction with the sulphonic acid 
group, on the colour of benzeneazophenol.” By H. H. Hone- 
son and W. RosENBERG. 

“Ethyl ether. Part I. The products of its autoxidation.” By 
H. Kine. j 

“The action of semicarbazide hydrochloride and 2 : 4-dinitro- 
phenyldiazine hydrochloride on aldoximes and their deriv- 
atives,”’ By O. L. Brapy and F. H. PEaKin. 

“ The isomerism of the oximes. Part XXXIV. The dissociation 
constants of isomeric oximes and their influence on the pro- 
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duction of the isomerides in alkaline solution.” By O. L. 
Brapy and N. M. CHoxsat. 

“ Elimination of the nitroso-group from nitrosamines.” By W. G. 
MaomiLian and T. H. Reape. 

“The thermal decomposition of methane. Part I. Decomposition 
in silica bulbs.”” By G. C. Honimpay and H. C. Exeny. 

“The nitration of benzylpyridines and oxidation of benzylpiperid- 
ines.” By F. Bryans and F. L. Pyman. 

“The polarity of the halogens in solutions of pyridinium and allied 
dichloriodides.”’ By T. H. Reapsz. 

“ Studies of electrolytic polarisation. Part VII. Complex cyanides. 
(a) Silver.”” By S. GuassTone. 

“ Studies of electrolytic polarisation. Part VIII. Complex cyanides. 
(6) Copper.” By 8. GuassTone. 

“Complex oxalates of quadrivalent molybdenum.” By H. M. 
SprrTLe and W. WaRDLAW. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 

AssociATION OF British CHEMICAL MANUFACTURERS. British 
chemicals, their manufacturers and uses. London 1929. pp. 298. 
(Reference.) 10s. 6d. net. 

From the Publishers: Messrs. Ernest Benn. 

Berry, ARTHUR JOHN. Volumetric analysis, with a chapter on 
simple gravimetric determinations. 4th edition. Cambridge 1929. 
pp. viii + 154, 68. net. (Recd. 23/1/29.) 

From the Syndics of the Cambridge University Press. 

Hitpitcw, Tuomas Pgrroy. Catalytic processes in applied 
chemistry. London 1929. pp. xx + 360. 168. net. (Recd. 29/1/29.) 

From the Publishers : Messrs. Chapman & Hall. 

PargerRNo, EMANUELE. Conferenze e discorsi scientifici (1877— 
1926). Roma 1928. pp. 203. L. 35. (Reed. 23/1/29.) 

From the Author. 
Il. By Purchase. ; 

AMERICAN CHEMICAL Soocrety. Section of Chemical Education. 
Journal of Chemical Education. Vol. I, etc. Easton, Pa. 1924 +. 
(Reference.) [Vols. II and III incomplete. ] 

Brown, Bruce K., and Crawrorp, Francis M. A survey of 
nitrocellulose lacquer. New York 1928. pp. 368. (Reference.) 
3ls. 6d. net. 

Dunyem, Pierre. See MANVILLE, OCTAVE. 
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Frary, Franots C., Taytor, Cyrm 8., and Epwarps, Junius 
Davip. Laboratory glass blowing. 2nd edition. New York 1928, 
pp. x +116. ill. 7s. 6d. net. (Recd. 22/12/28.) 

Furra, Artuur. Die Werkstoffe fiir den Bau chemischer 
Apparate. Leipzig 1928. (Chemische Technologie in Einzeldar- 
stellungen.) pp. viii + 220. ill. M. 20. (Recd. 15/1/29.) 

GesrerR. Works, Englished by RicHArD RussExL, 1678. A new 
edition, with introduction by Er1c Joun Hotmyarp. London 1928. 
pp. xl + 264. ill. 6s. net. (Reed. 22/12/28.) 

Gentry, FraANKM. The technology of low temperature carboniz- 
ation. [Baltimore] 1928. pp. xviii + 399. ill. 34s. net. (Reed. 
20/12/28.) 

GERLACH, WALTER. Matter, electricity, energy. The principles 
of modern atomistics and experimental results of atomic investig- 
ation. Translated from the 2nd German edition by Francis J. 
Fucus. [New York] 1928. pp. xii + 427. ill. 308. net. (Recd. 
20/12/28.) 

GRASSMANN, W. Neue Methoden und Ergebnisse der Enzym- 
forschung. Enzymchemische Untersuchungen aus dem Labora- 
torium R.~° Willstaétters. Miinchen 1928. pp. iv + 145. ill. 
M. 12.60. (Reed. 4/2/29.) 

Haas, ARTHUR. Wave mechanics and the new quantum theory. 
Translated from the German edition by L.W. Copp. London 1928. 
pp. xviii + 124. 7s. 6d. net. (Recd. 22/1/29.) 

HANDBUCH DER Puysik. Edited by Hans Guicer and Kari 
Sonzrt. Vol. XX. Licht als Wellenbewegung. Edited by 
Herrich Konen. Berlin 1928. pp. xvi -+ 967. ill. M. 89. 
(Reed. 15/1/29.) 

Harriman, Norman F. Standards and standardization. New 
York 1928. pp. xvi + 265. ill. 15s. net. (Recd. 28/12/28.) 

HeEIzMANN, Louis. Urinary analysis and diagnosis by micro- 
scopical and chemical examination. 5th edition. [New York] 
1928. pp. xxii + 366. ill. 22s. 6d. net. (Recd. 17/1/29.) 

Hotmyarp, Eric Joun. The great chemists. London 1928. 
pp. vi+ 138. ill. 3s. 6d. net. (Recd. 22/12/28.) 

HoTrEnRoTH, VALENTIN. Artificial silk: a complete treatise on 
the theory, manufacture and manipulation of all the known types of 
artificial silk. Translated from the German by ERNEST FYLEMAN. 
London 1928. pp. xvi-+ 421. ill. 30s. net: (Recd. 22/12/28.) 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, March 7th, 1929, at 
8 p.m., Professor J. F. Toorpr, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 


The PrEsIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Herbert Eccles Dec. 5th, 1878. Aug. 18th, 1928. 
James West Knights May 16th, 1878. Feb. 6th, 1929. 
Francis E. Matthews June 17th, 1880. Feb: 24th, 1929. 
Charles E. Sutcliffe Dec. 4th, 1924. Dec. 28th, 1928. 


It was announced that a Fellowship entitled ‘The Weston 
Fellowship in Electrochemistry” had been established by the 
Electrochemical Society in honour of Dr. Edward Weston, inventor 
of the Weston Cadmium Cell. 

The candidate will be selected by the Society, and selection will 
be based on marked capacity in carrying out research in the science 
of Electrochemistry or its applications. The award will be made 
without distinction on account of sex, citizenship, race, or residence. 
The successful candidate may carry out his research at any univer- 
sity or institute approved by the Society. The date of the first 
award (approximately $1,000) is not definitely fixed, but will prob- 
ably be in the autumn of this year. Those interested should apply 
to the office of the American Electrochemical Society, Columbia 
University, New York City. 

The following List of Nominations for vacant places on the 
Council was read from the Chair : 

Vice-Presidents who have filled the office of President (one 
vacancy): *W. P. WYNNE. 

Vice-Presidents who have not filled the office of President (two 
vacancies): *T. A. Henry, *Emiz S. Monn. 


* Nominated by the Council. 
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Country Members, i.e. those resident beyond fifty miles from 
Charing Cross (four vacancies): *G. M. Bennett (Sheffield): 
D. R. Boyp (Southampton); C. R. Bury (Aberystwyth); J. A. 
CRANSTON (Glasgow); *W. E. Garner (Bristol); H. H. Hopasoy 
(Bradford); *J. I. O. Masson (Durham); J. Remy (Cork). 


Mr. W. M. Colles and Mr. D. C. Jones were appointed Scrutators 
to assist in the counting of votes recorded in the election of the 
Country Members of Council. 


The following were formally admitted Fellows of the Chemical 
Society: B. J. F. Dorrington, E. L. Gates-Warren, L. P. Walls, 
C. M. Cawley, R. 8. W. Thorne, R. D. Desai. 

Certificates were read for the first time in favour of : 


David Andrew Crighton, B.Sc., 51, Dalmeny Road, Tufnell Park, N. 7. 
George Monty Hamilton, M.Sc., 9, The Green, Twickenham. 

John Stephen Henthwaite, Canadian Celanese, Ltd., Drummondville, Quebec. 
Henry Rowland Hill, B.A., 2, Beeches Walk, Carshalton, Surrey. 

William Thornton, M.Sc., 11, John Street, Maidstone. 

Herbert Lawton Wright, 117, Queen’s Road, Bury St. Edmunds. 


The following papers were read : 

«The stability of complex metallic salts.” By F. G. Mann. 

‘* The determination of unsaturated and aromatic hydrocarbons in 
light oils and motor spirits.” By A. B. Mannina. 

“* Studies of electrolytic polarisation. Part VII. Complex oyamies. 
(a) Silver.” By S. GLAssTONE. 

‘“Studies of electrolytic polarisation. Part VIII. Complex 
cyanides. (b) Copper.” By S. GLassTone. 

‘Properties of conjugated compounds. Part VII. The additive 
formation of cyclohexenes.”” By E. H. Farmer and F. L. 
WaRREN. 





THE THEODORE RICHARDS MEMORIAL LECTURE. 


The Theodore W. Richards Memorial Lecture will be delivered 
by Sir Harold Hartley, M.C., C.B.E., F.R.S., on Thursday, April 
25th, 1929, at 5.30 p.m., in the Meeting Hall of the Institution of 
Mechanical Engineers, Storey’s Gate, Westminster, S.W. 1. 





List of Papers, or Abstracts thereof, received between February 
2lst and March 7th, 1929. (This List does not include the titles 


* Nominated by the Council. 





of papers, or abstracts thereof, which have been read at an Ordinary 
Scientific Meeting, or which have appeared in the Journal.) 


“Note on the determination of available oxygen by the Bunsen 
method.” By T. W. Parker and P. L. Rostnson. 

“An apparatus for the accurate control, by an air leak, of the 
pressure in a closed system which is being continuously 
evacuated.” By J. M. Pererson and J. H. SHaxsy. 

“The introduction of the triphenylmethyl group into phenols. 
Part II.” By D. V. N. Harpy. 

‘An improved calcium chloride tube.” By D. V. N. Harpy. 

‘‘ Methoxy-derivatives of thioxanthone.” By K. C. Roprrts and 
S. SMILzs. 

“The determination of the parachors of substances in solution.” 
By D. L. Hammick and L. W. ANDREW. 

“The binary system urea and ammonium nitrate. Molecular 
association in urea, and in ammonium nitrate.” By W. J. 
HowELLs. 

“The influence of mercuric chloride on iodide reactions.” By 
W. B. Pouarp. 

‘“‘ Aminobenzthiazoles. Part XII. The mobility of l-amino-3 : 5- 
dimethylbenzthiazole. A case of complete reactivity in the 
aminothiazole form.” By R. F. Hunter and W. E. Prive. 

“9-Benzhydrylanthrone and isodianthranyl.” By E. DE B. Bar- 
nett and N. F. Goopway. 

“Note on high-temperature products of iron with hydrogen sulphide, 
carbon disulphide, and hydrogen selenide.” By J. B. PEEL, 
P. L. Rostnson, and (in part) C. L. Mavin. ; 

“ Preparation of o-nitroacetophenone.” By W. O. Kermack and 
J. F. SMITH. 

“Sur la viscosité de l’éther aux basses températures.”” By E. vAN 
AUBEL. 

“The apparent influence of an electric field on the boiling point 
of benzene.” By J. W. Smita. 

“The chemotherapy of some bromine derivatives of phenylarsinic 
acids and arsenobenzenes.”” By A. HAYTHORNTHWAITE. 

“ Thioglycollamide as a reagent for identifying arsinic acids.” By 
H. J. BARBER. 

“ Some derivatives of aryl thiol arsenious acids.” By H. J. BarBEr. 

“ A source of error in determining the constitution of di- and poly- 
saccharides.” By J. C. Irvine and R. P. MoGuyny. 

“The constitution of Guareschi’s cyano-butadiene acids. An 
attempt to synthesise $-isopropylglutaconic acid.” By C. 8. 
Gipson and J. L. SIMONSEN. 
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CERTIFICATES OF CANDIDATES FOR ELECTION AT THE 
BALLOT TO BE HELD AT THE ORDINARY SCIENTIFIC 
MEETING ON THURSDAY, MAY 2nd, 1929. 


ALpIneTon, JoHN Norman, 46, Long Lane, Ashton-on-Ribble, Preston. 
British. Assistant Works Chemist. B.Sc. (special) 2nd Class Honours in 
Chemistry (London). Registered student of the Institute of Chemistry. 
Assistant works Chemist, Siemens Electric Lamps & Supplies, Ltd., 1920- 
1928. (Signed by) G. W. F. Holroyd, C. W. Rogers, C. P. Hines. 

Baw, Huta, 3, Tylney Road, Sheffield. Burmese. Student. B.Sc. 
(Calcutta). Journ. Ind. Chem. Soc., Vol. III, No.2. ‘* The Use of Leucotrope 
as a Benzylating Agent.’’ Demonstrator in Chemistry, University of Rangoon, 
Burma. J.C.S., 1927, ‘‘ o-Nitrobenzylphenyldimethyl ammonium chloride.” 
(Signed by) W. P. Wynne, G. M. Bennett, 8. Glasstone. 

Bioom, Jack, 38, Albert Grove, Leeds. British. Research Student. 
B.Se. (Hons. I) Chemistry, Leeds, 1928. (Signed by) C. K. Ingold, C. W. 
Shoppee, J. W. Baker. 

Brooke, Rupert Woorsy, 19, Gloucester Road, 8S. Kensington, 8.W. 7. 
British. Pharmacist. Member of the Pharmaceutical Society. Associate 
of the Apothecaries Society. First prizeman in Botany, Materia Medica, 
Dispensing. Thirty-one years in Phiarmacy. Twenty years as Principal. 
Specialising in manufacturing, analytical, dispensing, and the professional 
side of Pharmaceutical Chemistry. Desirous of keeping in touch with the 
developments of Biological Chemistry, and to receive current literature and 
publications of the Society. (Signed by) Reginald Bowsher, Arthur C. V. 
Weston, George W. Ferguson. 

Burt, Francis Atan, Pentire, St. Mary’s Hill, Paignton. British. Chief 
Chemist, Torquay & Paignton Gas Co. (Signed by) George William Slatter, 
H. Higham, Ernest Quant. 

CUNNINGHAM, Rosert Nei, 62, Blenheim Gardens, N.W.2. British. 
B.Se. (Special in Chemistry) University of London. Research Student 
in Organic Chemistry at University College, London, since July, 1927. 
(Signed by) Henry Terrey, F. G. Donnan, R. Robinson. 

Fuxupa, Masao, Chemical Institute, Faculty of Science, Tohoku Imperial 
University, Sendai, Japan. Japanese. Research Student. Graduate of the 
Tohoku Imperial University in 1927 with dissertation on “‘ The Constituents 
of Typha angustata, Bory. et Chaub”’ (Bull. Chem. Soc. Japan, 3, 1928, 53; 
C. 1928, Bd. 1, 2100). Engaged at present in research work in Organic 
Chemistry under Prof. H. Nomura at the Tohoku Imperial University. 
(Signed by) Riko Majima, Hiroshi Nomura, Sin-iti Kawai. 

GatLtoway, James, 30, Buccleuch Street, Garnethill, Glasgow. British. 
Work’s Chemist. Glasgow University. 4 years study in Faculty of Science. 
Manufacturing Chemistry: Coal Tar Products and Ammonia Products, 
Glasgow Corpn. Chem. Dept. (Signed by) T. 8. Patterson, G. G. Henderson, 
8S. Horwood Tucker, T. S. Stevens, F. R. Storrie. 

Hiceinspottom, ConsTaNcE, Quarry Bank, New Mills, Nr. Stockport. 
British. Technical Assistant in Clinical Laboratory. M.Sc. (Victoria Uni- 
versity of Manchester). Student at Manchester University—three years in 
the Honours School of Chemistry and one year as Research Student. (Signed 
by) Arthur Lapworth, Frederick Challenger, Arnold T. Peters. 

Home-Morrton, ANDREW, 27, Lancaster Gate, W.2. British-born. General 
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Manager, The Hoffmann-La Roche Chemical Works, Limited, 51, Bowes Road, 
N. 13. M.Inst.C.E., M.I.Mech.E., M.I.E.E. (all of London). 1900—23, 
Consulting Engineer, responsible for, inter alia, the design, layout and install- 
ation of Buildings, Plant and Equipment for (i) Glasgow Main Drainage, 
Treatment by Chemical Precipitation of over 100,000,000 gallons of sewage 
per day, and (ii) many private concerns, engaged in Paper-making, Dyeing 
and Bleaching, Zine-recovery, Brass extrusion, drawing and rolling, Whitelead- 
making, Sugar-refining, Extraction of Tar by-products, Fertilisers, etc. in- 
volving Chemical Processes. 1923—Date, General Manager of The Hoffmann- 
La Roche Chemical Works, Ltd., 51, Bowes Road, N. 13, Manufacturers 
and Distributors of Alkaloids, Fine Chemicals and Pharmaceutical Products. 
(Signed by) Herbert A. Berens, Ernest T. Neathercoat, Leonard Bayley. 

JoNES, JoHN LioypD, 374, Hartham Road, N.7. British. Temporary 
Assistant Government Chemist. B.Sc. Wales [Aberystwyth College]. B.A. 
Oxon [Jesus College]. Hons. Chemistry, Wales, and Physics, Oxford. At 
present assistant to Sir Robert Robertson in his researches on infra-red 
radiations. (Signed by) Robert Robertson, J. J. Fox, Geo. Stubbs. 

KARKHANAVALA, DaADABHOY MANECKSHAW, “ Tardeo Terraces,’’ Tardeo 
Road, Bombay (India). Parsi Zoroastrian. Ag. Assistant Chemical Analyser 
to Govt. Bombay. Licentiate of Technical Chemistry (Victoria Jubilee 
Technical Institute), Bombay. Extensive experience in analyses of food, 
drugs, chemicals and other technical products in addition to toxicological 
analysis for the last six years in the office of the Chemical Analyser to Govt. 
Bombay. (Signed by) 8S. J. Shah, N. J. Vazifdar, C. H. Nanavati. 

Kent, ANDREW, 207, Kenmure Street, Glasgow, 8.1. Scots. Assistant 
to Professor of Organic Chemistry. M.A., B.Sc. (Glasgow University). Five 
years on Chemistry Staff of Glasgow University. (Signed by) G. G. Henderson, 
T. S. Patterson, T. S. Stevens, F. R. Storrie. 

Laycock, Joun Craven, The Spinney, Market Lavington, Wiltshire. 
English. Student. Chemistry (Honours) Student, Cambridge University. 
(Signed by) A. J. Berry, F. G. Mann, R. G. W. Norrish. 

LEISHMAN, MarGaRet AvuGusta, Wyberton, Park Hill Road, Croydon, 
Surrey. British. Demonstration in Chemistry, Bedford College, University 
of London. B.A. and B.Sc. (Oxon.). (Signed by) Ernest 8S. Hedges, James 
F. Spencer, M. P. Applebey. 

LITTLEJOHN, Witt1AM Rowe, “ Ronda,’’ Evesham Road North, Reigate, 
Surrey. English. Analytical Chemist at White, Tomkins & Courage, Ltd., 
Reigate. B.Sc. (London), lst Class Honours in Chemistry, 1928. Student 
at University College, Exeter, 1924—1928. (Signed by) W. H. Lewis, Ruth 
King, Ernest J. Parry, Milton Dewhurst. 

Morritr, Witt1am GEORGE, Bridge House, Carleton Road, Pontefract. 
British. Research Student. B.Sc. (Hons. I) Chemistry, Leeds, 1928. (Signed 
by) C. K. Ingold, C. W. Shoppee, J. W. Baker. 

NAKANISHI, SoxkicHt, Pharmaceutical Institute, Tokyo Imperial Uni- 
versity. Japanese. Assistant of the Pharmaceutical Institute, Tokyo 
University. Graduated 1925 (T.I.U.). Assistant 1925. ‘‘ Chemical Study 
of Seeds of Pharbitis Nil, Chois,’’ Journ. Pharm. Soc. Japan, No. 520. “On 
Kessylalkohol,”’ idid., No. 536, 544, 551. (Signed by) Y. Asahina,- Junzo 
Shinoda, Shoichi Terada. 

Nanpbi, BrrENDRA LAL, Prome Hall, University Estate, Rangoon, Burma. 
Hindu. Demonstrator in Chemistry, University College, Rangoon. M.Sc., 
Caleutta University. A paper on “‘ Reduction of Nitrites, Nitrates, and Nitric 
Acid with Magnesium Amalgam; a New Method of Preparing Hyponitrites ” 
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(J.C.S., 1928, 1449). Demonstrator in Chemistry for 1 year in University 
College, Rangoon. (Signed by) D. H. Peacock, Maung Ba San, G. C. Moitra. 

Ocutal, E131, Pharmaceutical Institute, Tokyo Imp. University. Japanese. 
Assistant of the Pharmaceutical Institute, Tokyo Imperial University, 
Graduated 1922 (T.I.U.). Assistant 1925. ‘‘ On Sinomenin,” Journ. Pharm. 
Soc. Japan, No. 497, 503, 538, 539, 549. “‘ On Matrin,”’ ibid., 522, 532, 537, 
557, 560, 561. (Signed by) Y. Asahina, Junzo Shinoda, Shoichi Terada. 

Prennycuick, Stuart Wortley, University of Adelaide, South Australia. 
British. Lecturer. in Physical Chemistry. M.Sc. (Univ. of Queensland); 
D.Sc. (Univ. of Adelaide). Publications other than J.C.S.: J. Amer. Chem. 
Soc., 1923, 45, 1355; 1926, 48,6; 1922,44, 1133. J. Phys. Chem., November 
1928. Aus. J. Exp. Biology, 1926, 3, 173; 1927, 4, 99; 1928, 5, 95; also 
various papers in the Aus. Assoc. Adv. Science Reports. J.C.S., 1924, 125, 
2049; 1927, 2600; 1928, 551, 2018. (Signed by) Henry E. Armstrong, R. 
Robinson, H. Terrey. 

Ripiey, THomas Moore, 18, Scotland Road, Carlisle. British. Pharma- 
ceutical Chemist. Major Examination Pharmaceutical Society of Great 
Britain. Student of the late Professor A. W. Crossley, F.R.S., 1906—7. 
Member of the Board of Examiners, Pharmaceutical Society of Great Britain, 
since January 1927. I am desirous of receiving the Society’s Publications. 
(Signed by) Wm. Forster, H. Humphreys Jones, Henry B. Mackie. 

Roy1Lz, Frank ALBERT, Research Dept., The Graesser Monsanto Chemical 
Works, Ltd., Ruabon, N. Wales. British. Research Chemist. M.Sc., 
Ph.D., Manchester. 1913 B.Sc.Chem.Honours(Manc.). 1914M.Se. 1916— 
1919, 1851 Exhibition War Scholarship. 1920—24 Assistant Lecturer, Chem. 
Dept., University, Manchester. 1924 Sir Clement Royds Scholarship (Man- 
chester), resigned. 1924—1929 Chief Chemist, Graesser Monsanto Chem. 
Works, Ltd., Ruabon. Joint Author of: ‘‘ Pungent Principle of Gingerol,” 
Part I, J.C.S., 1917, 111, 777. ‘‘ Capsaicin,’’ Part I, J.C.S., 1919, 115, 1109. 
** Homocamphor,” J.C.S., 1920, 117, 743. ‘‘ Hydroxynaphthoic Acids,” 
Parts I and II, J.C.S., 1923, 128, 1641, 1649. ‘“‘ The Nitration of 8-Naphthoic 
Acid and some New Amino- and Nitro-naphthoic Acids,” J.C.S., 1926, 84. 
(Signed by) J. E. Myers, Fred Fairbrother, Colin Campbell. 

Ruzicka, LEOPOLD, Utrecht. Organic Chemical Lab. Catharijuesingel 59. 
Swiss. Professor. ‘‘ Dr. Ing.’ (Signed by) Jocelyn Thorpe, C. 8. Gibson, 
N. V. Sidgwick. 

SmiTtH, CHARLES GorDON, “ Craigside,”’ Higher Bebington, Cheshire. 
British. Chief Chemist to the Salt Union, Ltd. M.Se., Birmingham. (Signed 
by) W. E. Gibbs, D. V. Plumbridge, T. P. Hilditch. 

Sutty, Bernarp Tuomas DupDLEy, 10, Old Town, Clapham Common, 
S.W. 4. British. Analytical Chemist. B.Sc. (2nd Class Hons.), London. 
A.R.C.S. (2nd Class Hons.). A.I.C. Royal College of Science (1924—1927). 
Assistant Science Master (Chem.) Battersea Grammar School (1927—1928). 
Diploma in Education, University of London (1928). Present position, 
analytical chemist, Thos. Parsons & Sons. (Signed by) Jocelyn Thorpe, 
G. A. R. Kon, F. P. Walton. 

SuMNER, ANDREW THEODORE, “ Melatti,’’ Hurst Road, East Molesey, 
Surrey. British. Civil Servant. B.Se., London University. Assistant 
Lecturer, Chemical Dept., Middlesex Hospital, Medical School, 1911—14. 
Process Chemist with Messrs. Burroughs, Wellcome & Co., 1919—21. On 
the staff of Chemical Warfare Research Dept. from 1921 to date. (Signed by) 
J. Davidson Pratt, Jocelyn Thorpe, A. J. Allmand. 

Terasaka, Masanosvu, Tokushima Technical College, Japan. Japanese. 
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Lecturer. ‘‘ Action of Organomagnesium Compounds upon Oxynitrils. I.” 
(A New Method for the Preparation of Substituted Benzoins.) Y. Asahina 
and M. Terasaka, Journ. Pharm. Soc. Japan, 1923, 19, C. 1923, ITI, 434. 
(Signed by) Yasuhiko Asahina, Tatsuo Nakasato, Junzo Shinoda. 

TYRRELL, LEONARD NOEL, 6, Providence Rd., Yiewsley, Middlesex. British. 
Work’s Analytical and Research Chemist. Three years chemist in the 
Analytical Laboratory of the Gramophone Co., engaged in miscellaneous works 
analyses, and the analysis of record materials in particular. Four years 
Chief Assistant Chemist, Chemical Research Laboratories, of Gramophone 
Co., Hayes. At present Chief Chemist to the Electramonic Co., in charge of 
all analytical and chemical research work, and (shortly) to take technical 
responsibility for the manufacture of records, matrices, recording waxes, etc. 
Also three years with the Techno-Chemical Laboratories of Clapham. (Signed 
by) P. C. L. Thorne, H. A. Williams, J. R. Booer. 


The following Certificate has been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


Coox, LAWRENCE Harvey, Box 607, Menlo Park, Calif., U.S.A. American. 
Professor of Organic Chemistry at Santa Clara Univ. A.B., Stanford; A.M. 
Stanford. Teacher of chemistry, and research worker. (Signed by) James W. 
McBain. 





ADDITIONS TO THE LIBRARY. 


1. Donations. 


ACADEMIE POLONAISE DES SCIENCES ET DES LETTRES. Classe 
des Sciences Mathématiques et Naturelles. Mémoires. Series A and 
B. No. 1, ete. Cracovie 1928 +. (Reference.) 

a Comptes Rendus Mensuels des Seances. No. l, etc., 
Cracovie 1929 +. (Reference.) From the Academy. 

AmERIcAN CHEMICAL Socrety. Industrial and Engineering 
Chemistry. Analytical edition. Vol. I, etc. New York 1929 +. 
(Two copies.) From the Society. 

CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE. 5th edi- 
tion. Edited by Dupitey Maurice Newitt. London 1929. 
pp. 401. ill. (Reference.) 15s. net. 

From the Publishers : Messrs. Leonard Hill. 

COLLECTION OF CZECHOSLOVAK CHEMICAL COMMUNICATIONS. 
Year I, etc. Prague 1929+. (Reference.) From the Editors. 

ELEKTROTECHNISCHE ZEITSCHRIFT. (Zentralblatt fiir Elektro- 
technik.) Year XLIX, etc. Berlin 1928+. (Reference.) 

From Dr. R. E. W. Maddison. 

GLassTONE, SaMUEL. Chemistry in daily life. London 1929. 
pp. vi-+ 250. ill. 6s. net. (Recd. 7/3/29.) From the Author. 

HATFIELD, WILLIAM HERBERT. The application of science to the 





steel industry. Edward de Mille Campbell Memorial Lecture. 
Cleveland 1928. pp. x + 154. ill. (Reed. 7/3/29.) 
From the Author. 
HavsBranD, Evcen. Evaporating, condensing, and cooling 
apparatus. Explanations, formule and tables for use in practice. 
Translated from the 2nd German edition by ArtHur C. WRicur. 
4th English edition. Revised and enlarged by Bast HEastiEz. 
London 1929. pp. 468. ill. 25s. net. (Recd. 6/3/29.) 
From the Publishers : Messrs. Ernest Benn. 
KONINKLIJKE AKADEMIE VAN WETENSCHAPPEN TE AMSTERDAM. 
Verslag van de gewone vergadering der Afdeeling Natuurkunde. 
Vol. XX XVIII, etc. Amsterdam 1929+. (Reference.) 
From the Academy. 
Konova.ov, Dmirri Petrovic. Vapour pressure of solutions. 
Leningrad 1928. pp. viii+ 67. ill. [In Russian.] (Reed. 
18/2/29.) From the Author. 
Lowry, THomas Martin, and Suapren, Samuget. A class book 
of physical chemistry. London 1929. pp. viii + 436. ill. 6s. 6d. 
net. (Recd. 18/2/29.) From the Authors. 
MarsH, JAMES ERNEST. The origins and growth of chemical 
science. London 1929. pp. x+ 161. ill. 5s. net. (Reed. 
19/2/29.) From the Author. 
Russian Puysicat AND CHEmIcaL Society. Journal of Applied 
Chemistry. Vol. I, etc. Leningrad 1928+. (Reference.) [In 
Russian. } From the Society. 
Union or Soctatist Soviet Repustics. Thermotechnical Insti- 
tute. Annales. No. 1 (34), etc. Moscow 1928+. (Reference.) 
{In Russian. ] From the Institute. 


Il. By Purchase. 


BapGer, WaLTER Lucius, and Baker, E.M. Inorganic chemical 
technology. New York 1928. pp. viii + 228. ill. 12s. 6d. net. 
(Recd. 22/2/29.) 

Hovsen, Joser, and Fiscuer, Watter. Das Anthracen und 
die Anthrachinone mit den zugehérigen vielkernigen Systemen. 
Leipzig 1929. pp. xxiii + 890. M.90. (Recd. 10/1/29.) 

KEFFER, ROBERT, in collaboration with CHarLtes L. McNEt. 
Methods in non-ferrous metallurgical analysis. Prepared for 
publication by ALLIson Butts. New York 1928. pp. xviii + 335. 
ill. 20s. net. (Recd. 22/2/29.) 

LassaR-CouNn. Organic laboratory methods. Authorized trans- 
lation from the general part of the 5th revised edition. By Ratrx 
E. OzspeR. Edited by Rocer Apams and Hans THACHER CLAREE. 
[Baltimore] 1928. pp. xii + 469. ill. 30s. net. (Recd. 22/2/29.) 
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Lewin, Louis. Gifte und Vergiftungen. Vierte Ausgabe des 
Lehrbuchs der Toxikologie. Berlin 1929. pp. viii + 1087. ill. 
M. 55. (Recd. 22/2/29.) 

[ManviILLE, OotavE, HapaMaRD, JAcQuEs, and Daron, A.] 
L’wuvre scientifique de PrerRE DuHEM. Paris 1928. pp. 554. 
ill. 120 fr. (Reed. 15/2/29.) 

Martin, Husert. The scientific principles of plant protection. 
London 1928. pp. xii + 316. 21s. net. (Reed. 17/1/29.) 

Mayruorer, Apotr. Mikrochemie der Arzneimittel und Gifte. 
Teil II. Die Arzneimittel organischer Natur. Berlin 1928. pp. 
x + 270 + 15 plates. ill. M.18.50. (Recd. 15/1/29.) 

MERNAGH, LAURENCE REGINALD. Enamels: their manufacture 
and application to iron and steel ware. London 1928. pp. xvi + 
234. ill. 18s. net. (Recd. 20/12/28.) 

Norton, THomas. The ordinall of alchimy: being a facsimile 
reproduction from Theatrum Chemicum Britannicum with anno- 
tations by Exias AsHMOLE. With introduction by Eric JoHN 
HotmyarD. London 1928. pp. viii+ 125. 10s. 6d. net. (Recd. 
22/12/28.) 

OsEEN, CaRL WILHELM. Die anisotropen Fliissigkeiten, Tat- 
sachen und Theorien. (Fortschritte der Chemie, Physik und 
physikalischen Chemie, Vol. XX.) Berlin 1929. 

Pavuuine, Harry. Elektrische Luftverbrennung. Halle (Saale) 
1929. pp. vili+ 188. ill. M.17.50. (Reed. 15/2/29.) 

PorTER, CHARLES WALTER. Molecular rearrangements. New 
York 1928. pp. 167. 17s. net. (Recd. 23/2/29.) 

RicutER, Victor von, and Anscuiitz, Ricnarp. Chemie der 
Kohlenstoffverbindungen oder Organische Chemie. 12th edition. 
Edited by Richarp Anscuttz. Vol. I. Aliphatischen Verbin- 
dungen. By Fritz ReErmnpe.. Leipzig 1928. pp. xvi-+ 882. 
(Reference.) M. 59. 

Rigcet, Emm Raymonp. Industrial chemistry: an intro- 
duction. New York 1928. pp. 649. ill. 37s. 6d. net. (Reed. 
22/1/29.) 

RoBeErts, J. KetrH. Heat and thermodynamics. London 1928. 
pp. xvi + 454. ill. 30s. net. (Recd. 20/12/28.) 

ROSENTHALER, LEOPOLD. Grundziige der chemischen Pflanzen- 
untersuchung. 3rd edition. Berlin 1928. pp. iv+ 160. WM. 9. 
(Recd. 16/1/29.) 

ScHMIEDER, Kart CuristopH. Geschichte der Alchemie. Halle 
1832. Edited by Franz Strunz. Miinchen—Planegg 1927. pp. 
28+x-+613. M.10. (Recd. 30/1/29.) 

Scnuttz, Gustav. Farbstofftabellen. 7th edition. By Lupwic 
LeHMANN. Vol. I, etc. Berlin 1928 +. (Reference.) 
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- ScrentiFic AMERICAN CYCLOPEDIA OF ForMULAS. Partly based 
upon the 28th edition of Scientific American cyclopedia of receipts, 
notes and queries. Edited by ALBERT A. Hopxins. New York 
1928. pp. viii-+ 1077. ill. (Reference.). 27s. 6d. net. 

Snoperass, KATHERINE. Copra and coconut oil. California 
1928. pp. xiv-+ 135. ill. 8s. net. (Recd. 22/1/29.) 

THomson, Sir JosEPH JOHN, and THomson, GEORGE Pacer. 
Conduction of electricity through gases. 3rd edition. Vol. I. 
Cambridge 1928. pp. viii+ 491. ill. 25s. net. (Recd. 17/1/29.) 

TRAVERS, Morris Wiiu1am. The discovery of the rare gases. 
London 1928. pp. viii-+ 128. ill. 15s. net. (Reed. 20/12/28.) 

TREADWELL, FREDERICK PEARSON. Analytical chemistry. 7th 
edition. Vol. II. Quantitative analysis. Translated, enlarged 
and revised by Wim11am THomas Hatt. New York 1928. pp. 
xiv + 848. ill. 30s. net. (Reed. 22/1/29.) 

Vai, JAMES G. Soluble silicates in industry. New York 1928. 
pp. 443. ill. 40s. net. (Recd. 17/1/29.) 

VeRNoN, Writ14mM Harowp Jucerns. A bibliography of metallic 
corrosion, comprising references to papers on ferrous and non- 
ferrous corrosion (including methods of protection) published up 
to the end of 1927. London 1928. pp. xii-+ 341. (Reference.) 
21s. net. 

Waener, Hans. Die Kérperfarben. (Chemie in Einzeldarstel- 
lungen, Vol. XIII.) Stuttgart 1928. pp. xx + 506. ill. WM. 36. 
(Reed. 5/2/29.) 

WHITEHEAD, S. Dielectric phenomena. II. Electrical dis- 
charges in liquids. Edited by E. B. Wepmore. London 1928. 
pp. 137. ill. 12s. 6d. net. (Recd. 20/12/28.) 

WouryzeK, Oskar. Chemie der Zuckerindustrie. Ein Hand- 
buch fiir Wissenschaft und Praxis. 2nd edition. Berlin 1928. 
pp. xvi + 680. ill. M. 38. (Reed. 22/2/29.) 

Wo.rr, Hans. Die natiirlichen Harze. (Monographien aus 
dem Gebiete der Fett-Chemie, Vol. X.) Stuttgart 1928. pp. xvi + 
379. ill, M.28. (Recd. 31/12/28.) 


JII. Pamphlets. 

AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Bulletin No. 38. The chemical composition 
of wool with especial reference to the protein of wool-fibre (keratin). 
By Hepiey R. Marston. Melbourne 1928. pp. 36. ill. 

— Bulletin No. 39. The utilization of sulphur by animals 
with especial reference to wool production. By HeEpiey R. 
Marston and THORBURN BRaILsFOoRD ROBERTSON. Melbourne 
1928. pp. 51. 
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Bartkov, A. A. Dmitri Petrovic Konovalov. Leningrad 1928. 
pp- 19. ill. [In Russian.] 

BENGAL, GOVERNMENT OF. Department of Industries. Bulletin 
No. 18. Bleaching of gangwa wood (Excecaria agallécha) in the 
manufacture of matches. By Rasim Lat Datta and TINKARI 
Basu. Calcutta 1923. pp. ii + 6. 

—— Bulletin No. 23. Chemical composition for matches. 
By Rastk Lat Datta and Trykari Basu. Calcutta 1927. pp. 4. 

—— Bulletin No. 27. On the preparation of a solution con- 
taining phosphoric acid directly from bone ash for the impregnation 
of match sticks for making them non-glowing. By Rasim La 
Datra and TrnKARI Basu. Calcutta 1927. pp. 5. 

BuatnaGaR, 8. 8. and Matnur, R. N. Magnetic properties of 
molecules constituting electronic isomers. Lahore 1928. pp. 13. 

Coats, Hat B., and Brown, GErorRGE GRANGER. A vapor- 
pressure chart for hydrocarbons. (Department of Engineering 
Research, University of Michigan, Circular Series No. 2.) 1928. 
pp. 17 + chart. 

Farapay Society. Celebration of twenty-fifth anniversary, 
9th November 1928. London 1928. pp. [15]. 

First Spiers Memorial Lecture by Sm Ottver Lopes, on 
“Some debatable problems in physics.” London 1928, pp. 12. 

Inpian Lac ASSOCIATION FOR RESEARCH. . Bulletin No. 1. 
Physical properties of shellac solutions. By M.. Rancaswami and 
M. VENUGOPALAN. Calcutta 1928. pp. 14. ill. 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. 
The costing of chemical manufacturing processes. By L. StTant- 
FORTH. London 1929. pp. 24. 

KonovaLov, Dmitri Petrovic. See BatKov, A. A. 

Mines DeParTMENT. Safety in Mines Research Board. Paper 
No. 49. Firedamp explosions within closed vessels: “ pressure 
piling.” By C. S. W. Grick and RicHarpD VERNON WHEELER. 
London 1929. pp. 26. ill. 

Paper No. 50. The deterioration of colliery winding 
ropes in service with descriptions of some typical failures. By 
8. M. Drxon, M. A. Hoaan, and J. M. Ropertson. London 1928. 
pp. 42 + 6 plates. 

Ministry OF HEALTH and MINIsTRY OF AGRICULTURE AND 
FisHERIES. Joint Advisory Committee on River Pollution. First 
Report. London 1928. pp. 8. 

NEewcoms, CiiveE. On the interpretation of nutritional experi- 
ments. (From the Indian J. Med. Research, 1928,16.) ill. 

NEWELL, Lyman C.. Count Rumford—scientist and philanthropist. 
(From Science, 1928, 68.) 
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NEwELL, Lyman C., and Davis, Tennsy L. Notable New 
England chemists. Boston, Mass. 1928. pp. 16. ill. 

RumrorD, Sirk Benzamin THompson, Count. See NEWELL, 
Lyman C. 

ScrENTIFIC AND INDUSTRIAL RESEARCH, Department of. Third 
report of the Gas Cylinders Research Committee. (Alloy steel light 
cylinders.) London 1929. pp. iv +74. ill. 

—— Fourth report of the Gas Cylinders Research Committee. 
(Cylinders for liquefiable gases.) London 1929. pp. vi-+ 151. 
ill. 

Building Research. Special Report No. 11. Heat trans. 
mission. By MARGARET FISHENDEN and ARTHUR FELIx DurFToy. 
London 1929. pp. vi-+ 19. ill. 

—— —— Technical Paper No. 7. Investigations on breeze and 
clinker aggregates. By FREDERICK MEasHAM LEA. London 1929. 
pp. iv + 86. 

Fuel Research. Physical and chemical survey of the 
national coal resources, No. 13. The Yorkshire, Nottinghamshire, 
and Derbyshire coalfield. South Yorkshire area: the Parkgate 
seam. London 1929. pp.iv-+ 61. ill. 

Technical Paper No. 21. The assay of coal for carbon- 
isation purposes. (Part ii.) By James GrizvE Kine, Cyr 
TasKER, and L. J. EpacomsBe. London 1929. pp. vi-+ 34. ill. 

ScortisH Boarp oF Heattu. The pollution and purification of 
rivers with special reference to domestic sewage. Reprinted from 
the 9th annual report, 1927. Edinburgh 1928. pp. 46. 

Unton oF Soctauist Soviet ReEpvustics. Scientific Technical 
Department of the Supreme Council of National Economy. Central 
Institute for Tobacco Investigations. Bulletin No. 29. Die 
Ergebnisse der physiologischen Arbeiten der fermentativen Section, 
1925. (Part 1.) By A. J. Smirnov [and others]. Krasnodar 
1926. pp. iv+ 54. [In Russian. German summary.] 

Bulletin No. 30. Das Verhiltniss der Tabak- 
pflanze zur Phosphorsaurediingung. (Vorlaufige Mitteilung.) By 
A. V. OrryGaniEv. Krasnodar 1926. pp. 42. [In Russian. 
French summary. ]} 

Bulletin No. 31. Tabakkulturversuche mit 
Mineraldiingung auf den Feldern der Stanitze Abinskaja (Kubange- 
biet) im Jahre 1925. By A. V. Orryaantiev and D. V. BaLanpa. 
Krasnodar 1926. pp. 31. [In Russian. German summary.] 
Bulletin No. 33. Contents of carbohydrates and 
phenols in tobacco in relation to its colour and quality. By A. 
Scumvuck (in collaboration with V. Srmenova). Krasnodar 1927. 
pp. 22. [In Russian. English summary.] 

















PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


ANNIVERSARY DINNER. 


Tue Anniversary Dinner of the Chemical Society was held in 
the Town Hall, Leeds, on Thursday, 21st March, 1929, at 7 for 
7.30 p.m. The President, Professor J. F. THorrz, C.B.E., D.Se., 
F.R.S., was in the Chair, and the following were present (282) : 


Achmatowicz, O. 

Adam, N. K. 

Allan, J. 

Anderson, J. 

Applebey, M. P. 

Applebey, Mrs. M. P. 

Appleyard, G. H. 

Asquith, B. 

Asquith, Miss K. R. 

Baillie, J. B., O.B.E., Vice-Chancellor, 
Leeds University. 

Bain, W. 

Baker, J. W. 

Baker, Mrs. J. W. 

Baly, E. C. C., C.B.E., F.R.S. 

Baly, Mrs. E. C. C. 

Barker, 8S. G. 

Barker, Mrs. 8S. G. 

Barritt, J. 

Bearder, E. A. 

Bedford, C. S. 

Bedson, P. P. 

Belton, J. W. 

Bennett, Miss D. M. 

Bennett, G. M. 

Bentley, A. 

Biilmann, Einaar, President, Union 
Internationale de la Chimie Pure et 
Appliquée. 

Billbrough, 8. 

Bodenstein, Max, representing the 
Deutsche Chemische Gesellschaft. 


Bousfield, H. D., C.M.G., D.8.O., 
T.D., J.P. 

Bovill, P. J. 

Boyce, F. 

Boyle, C. H. 

Boyle, Mrs. C. H. 

Branson, F. W. 

Briggs, 8. H. C. 

Briscoe, H. V. A. 

Briscoe, Mrs. H. V. A. 

Bruce, J. 

Burgess, W. A. A. 

Burrell, Miss A. M. 

Burton, H. 

Burton, Mrs. H. 

Bywaters, H. W. 

Bywaters, Mrs. H. W. 

Calam, P. 

Calam, Mrs. P. 

Carr, S. E., Assistant Secretary. 

Cawood, W. 

Chaunon, H. J. 

Channon, Mrs. H. J. 

Chapman, A. W. 

Charlton, W. 

Child, G. 

Clarke, C. H. 

Clarkson, G. D. 

Clayton, W. F. 

Clemo, G. R. 

Clibbens, D. A. 

Coates, J. E., O.B.E. 











Cobb, J. W., C.B.E. 
Cobb, Mrs. J. W. 
Cohen, J. B., F.R.S. 
Colbeck-Welch, G. M. 
Comber, N. M. 
Comber, Mrs. N. M. 
Connell, Mr. 
Cooper, K. E. 
Copley, James F. 
Coppock, J. B. 
Coppock, Mrs. J. B. 
Craven, J. A. 
Cronshaw, C. J. T. 
Cronshaw, Mrs. C. J. T. 
Cumming, W. M. 
Daily Mail. 
Dawson, H. M. 
Dawson, Mrs. H. M. 
Denham, W. S. 
Denham, Mrs. W. 8. 
Dixon, G. 

Dixon, H. B., C.B.E., F.R.S., Past 
President. 
Dixon, H. W. 

Dodd, A. H. 

Donald, M. B. 

Donald, M. H. 

Donnan, F. G., 
Foreign Secretary. 

Draper, W. G. 

Dunn, F. P. 

Dunn, J. T. 

Eagles, B. A. 

Eastman, Cyril, President, Society of 
Dyers and Colourists. 

Eastwood, D. B. 

Eldridge, A. A. 

Evans, T. 

Everest, A. E. 

Everest, Mrs. A. E. 

Fargher, R. G. 

Findlay, A. 

Finn, C. P. 

Fleck, A. 

Forster, R. B. 

Forster, Mrs. R. B. 

Fowweather, F. 8. 

Frank, G. H. 

Frobisher, Arnold. 

Gawler, R. 

Gawler, Mrs. R. 

Gibson, C. 8., O.B.E., Secretary. 

Glasstone, 8. 


C.B.E., F.RS., 


Gomersall, Miss. 

Goss, F. R. 

Gray, R. Whytlaw, O.B.E., F.R.S. 

Gray, Mrs. R. Whytlaw. 

Greenaway, A. J. 

Gregory, J. C. 

Hagues, G. 

Hagues, Mrs. G. 

Hanley, J. 

Hardwick, W. R. 

Hardwick, Mrs. W. R. 

Harley, R. B. 

Harral, J. C. 

Haskew, R. S. 

Hatswell, F. T. 

Hatswell, Mrs. F. T. 

Haworth, W. N., F.R.S. 

Hay, F. W. 

Hebden, G. A. 

Henry, T. A., Vice-President. 

Hickson, B. 

Hill, W. B. 

Hindle, G. W. 

Hinks, E., M.B.E., President, Society 
of Public Analysis. 

Hirst, H. R. 

Hodsman, H. J., M.B.E. 

Holborn, M. W. 

Holborn, Mrs. M. W: 

Houston, C. 

Hughes, J. D. I. 

Hunter, H. 

Ingle, W. L. 

Ingold, C. K., F.R.S. 

Jafié, Adoff. 

James, E. C. 

James, T. C. 

Jamieson, J. Kay, Dean of the Faculty 
of Medicine, Leeds University. 

Johnson, G. Y. 

Jones, B. Mouat, D.S.O. 

Kenner, J., F.R.S. 

King, A. T. 

Kitson-Clark, E. D. 

Lady Mayoress of Leeds. 

Lampitt, L. H. 

Lascelles, Rt. Hon. the Viscount, 
K.G., D.S.O. 

Legg, V. H. 

Legg, Mrs. V. H. 

Levinstein, H., Chairman of Council, 
Society of Chemical Industry. 

Liley, T. A. 





Livesey, C. E. L. 

Lord Mayor of Leeds. 

Lowson, W. 

Luff, B. D. W. 

Lunn, J. W. 

Macaulay, Mr. 

McCandlish, David. 

McCandlish, Mrs. David. 

McCandlish, Douglas. 

McCandlish, Mrs. Douglas. 

McCombie, H., D.S.O., M.C. 

McLennan, B. G. 

McSwiney, B. A. 

McSwiney, Mrs. B. A, 

Manley, C. H. 

Manley, Mrs. C. H. 

Marston, H. B. 

Mason, Miss E. 

Mason, H. M. 

Mason, Mrs. H. M. 

Masson, Irvine, M.B.E. 

Mellor, L. 

Milne, W. P. 

Milne, Mrs. W. P. 

Mitchell, A. D., Assistant Editor. 

Moffitt, W. G. 

Mond, Emile S., Vice-President. 

Moore, T. S., Secretary. 

Morris, H. J. 

Narayanan, B. T. 

Nicholson, A. 

Nickols, N. F. 

Orton, K. J. P., F.R.S. 

Parkin, John. 

Parkin, Mrs. J. 

Patterson, H. 8. 

Patterson, J, W. 

Pease, C. 

Pentecost, L. S., M.C. 

Pentecost, 8S, J. 

Perkin, A. G., F.R.S. 

Perkin, Mrs. A. G. 

Perkin, W. H., F.R.S., Past-Presi- 
dent, 

Philip, J. C., O.B.E., F.R.S., Vice- 
President. 

Philip, Miss J. L. 

Pickard, R. H., F.R.S. 

Pickering, G. F. 

Pickering, Mrs. G. F. 

Pitt, H. Russell. 

Rao, K. A. N. 

Richardson, F. W. 








Rimmington, C. 

Roberts, J. A. F. 

Robertson, Sir 
F.R.S. 

Robinson, R., F.R.S. 

Rowe, F. M. 

Rowe, Mrs. F. M. 

Rule, A. 

Russell, Mrs. F. C. 

Russell, J. 

Russell, W. R., Sectional Chairman, 
Coke Oven Managers’ Association. 

Savage, F. C. 

Shaw, Miss F. R. 

Sheffield Telegraph. 

Shoppee, C. W. 

Sidgwick, N. V., F.R.S. 

Simonsen, J. L. 

Simonsen, Mrs. J. L. 

Slade, R. E. 

Slade, Mrs. R. E. 

Smallwood, A. 

Smith, C., Editor. 

Smith, F. E. 

Smith, G. F. 

Smith, H. Greville. 

Smith, Henry G. 

Smith, J. Cruickshank. 

Smith, T. B. 

Stembridge, G. 

Stevenson, W. W. 

Stock, C. J. H. 

Tainsh, P., O.B.E. 

Tankard, A. R. 

Tansley, L. B., M.C. 

Taylor, F. 

Tetley, C. F., J.P. 

Tetley, Col. C. H., D.S.O., Pro-Chan- 
cellor, Leeds University. 

Tetley, Mrs. C. H. 

Tetley, E. H. 

Thomas, R. 

Thompson, F. C. 

Thompson, Mrs. F. C. 

Thompson, J..T. 

Thorpe, J. F., C.B.E., F.R.S., Presi- 
dent. 

Thorpe, Mrs. J. F. 

The Times. 

Towers, J. C. 

Turner, Miss E. G. 

Usher, F. L. 

Vardy, W. A. 5. 


Robert, K.B.E., 








Vardy, Mrs. W. A. S. Wilson, F. J. 

Vass, C. C. N. Wilson, Capt. 

Waghray, P. N. Witham, E. 

Walker, F. H. Woolcock, J. W. 

Watson, H. W. i j Wuorinen, O. A. 

Watson, Mrs. H. W. Wynne, W. P., F.R.S., Past-Presi- 
West, Miss E. dent. 

Wightman, W. A. Yorkshire Observer. 

Wightman, Mrs. W. A. Yorkshire Post. 

Williams, R. H. Young, A. F. 


The following is a list of the Toasts proposed :— 

1. The King. 

2. The Queen, the Prince of Wales, and the other members of the 
Royal Family. 

By The Right Honourable THe Viscount Lascetuzs, K.G., 


DS8.0. :— 
3. “The Chemical Society,” coupled with the name of the 


President. 


By Sir Roxpert Ropertson, K.B.E., D.Sc., F.R.S., Vice- 


President :— 
4. “The City of Leeds,” coupled with the name of the Lord 


Mayor of the City of Leeds. 


By Professor Harotp B. Drxon, C.B.E., D.Sc., F.R.S., Past 
President :— 

5. “The University of Leeds,’ coupled with the name of Dr. 
J. B. Baru, O.B.E., M.A., Vice-Chancellor of the University of 
Leeds. 


By Professor R. Waytiaw Gray, O.B.E., Ph.D., F.R.S. :-— 

6. “The Guests,” coupled with the name of Professor Ernaar 
BuuMann, President, Union Internationale de la Chimie Pure et 
Appliquée. 


After the Loyal Toasts had been honoured, Viscount LascELLEs, 
proposing the Toast of ““ The Chemical Society,” said :— 


‘* Upon my shoulders has been put the duty of proposing the most 
important toast of the evening, and I rise with great trepidation to 
do so, partly because I have never felt very much at home in the 
presence of great scientists, and I have always been very frightened 
of the chemists. 

“* Now the present company has started the evening by instilling 
a mortal fear in me—one of you gentlemen in front of me introduced 
to our company a black cat, and a black cat always gives me a furry 
feeling of the tongue. I therefore must beg you to excuse me if 








my tongue plays me false and I say anything I should not. But, 
ladies and gentlemen, on behalf of the West Riding of Yorkshire I 
do want to express our great pleasure in having this great and 
important Society in our midst. I say so especially because there 
is, I am confident, no portion of this country which owes more to 
the activities of the science of chemistry. 

“In the Charter of this Society it is stated that it was formed 
for the advancement of chemical science as connected with the 
prosperity of manufactures in the United Kingdom. Now, we in 
the West Riding of Yorkshire are more dependent upon the dis- 
coveries connected with the art of dyeing than almost any other 
county in the country, and the great achievement which was started 
by two Fellows of this Society—Frankland and Crum Brown—and 
further developed by Sir William Perkin, has been instrumental, 
if not in creating the prosperity of a large portion of this county, at 
any rate in saving it from the worst periods of distress which have 
fallen upon other portions of the country. ‘The art of dyeing has 
so strong an influence upon the prosperity of our textile industry 
that I need not labour the point any more with a West Riding 
audience. The textile industry is widespread. Weaving, spinning, 
and the making of the machinery which is used in those industries, 
which again reflects upon the iron and steel industry in the southern 
portion of the county—all of them have to some extent benefited 
by these great discoveries. The intimate connection which exists 
between this Society and the University of Leeds has been greatly 
fostered by the son of one of those distinguished gentlemen whom I 
have named, namely, Professor A. G. Perkin. 

“It is not my intention to trespass upon the toast which will be 
proposed to your notice later in the evening, but, as I understand 
the activities of the Chemical Society, they are very largely con- 
nected with the dissemination of knowledge and applying the dis- 
coveries which take place in the sphere of chemistry for use in the 
practical life of this country. We have noted the happy connection 
between this Society and the University of Leeds—a combination 
which I hope will in time achieve even greater things than it has 
already done for the benefit of the West Riding of Yorkshire. 

‘‘ Mr. President, your Chemical Society has an income whick I am 
sure you find inadequate for the uses to which you would like to put 
it, but I have not yet met a Society or a man that had an income 
adequate to the uses to which it or he would like to put it, and, if I 
may say so, the Society or the man whose income is adequate to the 
uses to which he would like to put it is one whose energy is dwindling. 
The man whose energy is on the increase will always require more 
income and more scope for that energy. Let me hope that this 
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Society, in common with all others; continues to find its income 
inadequate on the ground that I have already mentioned. Never- 
theless, I ask you, ladies and gentlemen, to join me in wishing 
for an increased income and prosperity for the Chemical Society, 
and I ask you to rise and empty your glasses in order to prove the 
sincerity of your wishes.” 


The PresipENtT, who responded, said: ‘In the first place I 
should like to thank Lord Lascelles for the kindness he has shown us 
in coming here to-night and also for the very happy words in which 
he has proposed the toast of ‘ The Chemical Society.’ I think you 
will agree that not for many years has this toast been proposed in such 
admirable terms as those which Lord Lascelles has used to-night. 

“ It is not my duty to propose the toast of ‘ The Guests,’ but I 
should like to mention that besides Lord Lascelles, we have present 
with us the Lord Mayor and Lady Mayoress of Leeds and the 
Vice-Chancellor of the University of Leeds, and we wish to offer 
them a very hearty welcome. There are certain telegrams I have 
to read. One is from Dr. Whiteley, wishing success to the meeting, 
another from Dr. Slater Price, our Treasurer, expressing regret for 
his inability to be present, and the third from the French Society 
of Chemical Industry. My next duty is to thank the General 
Committee and the Executive Committee, of whom Professor 
Whytlaw Gray is the Chairman, and particularly Mr. H: 8. Patterson, 
who has undertaken the very arduous secretarial work attaching to 
a meeting of this kind. I would like to express, on my own behalf 
and on that of the Council and the Fellows, my sincere thanks to these 
gentlemen. Also we have a number of co-operating Societies who 
have helped to bring about what I feel, and you will all agree, is a 
successful meeting—the local sections of the Institute of Chemistry, 
the Society of Chemical Industry, the Society of Public Analysts, 
the Coke Oven Managers’ Association, and the Society of Dyers and 
Colourists. We are profoundly grateful to them for what they have 
done. 

“ Another pleasant duty I have to perform is to offer the con- 
gratulations of the Society to those Fellows who have completed 
fifty years in Fellowship. Mr. William Jago, I understand, is 
unable to be present at the Dinner, though he attended the Annual 
General Meeting, but we have present Professor P. Phillips 
Bedson, and we all wish to express to him our heartiest congratula- 
tions, coupled with the hope that he may not only be here ten years 
hence, but twenty years hence. 

““ Well, Lord Lascelles, I feel that you have never met so many 
chemists before. They are not really a bad lot. As was remarked 
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by our Foreign Secretary, speaking to the President of the Royal 
Academy at’ our last Anniversary Dinner, ‘ They are not so bad as 
they are painted.’ But they suffer under one very great dis- 
advantage—they are saddled with a name which is given by Act of 
Parliament to some totally different body of people who in other 
countries are called apothecaries and druggists. In almost: every 
other country in the world the people who dispense drugs are called 
druggists. I doubt whether the Fellows of this Society are really 
competent to fulfil the functions of a druggist. It is possible 
that quite a number of people in this room would be able, after 
mature consideration, to tell the difference between Epsom salts 
and oxalic acid, but I doubt if any who attempted to prescribe a 
dose of either could avoid being prosecuted for manslaughter. 
Why people who deal with minerals should be called mineralogists, 
and people who deal with chemicals should not be called chemical- 
ogists, no one knows. 

“ This, ladies and gentlemen, is my last appearance as President 
at a public dinner. I go on functioning till next March, but my 
spring will be run down just before the anniversary meeting next 
year, and therefore I should like to point out to you the progress the 
Society has made during the year I have held the Presidency. 

“IT think the most important item in that connection is the fact 
that we have been definitely recognised by the Inland Revenue as a 
Society constituted in the public interest. That is a real step 
forward. It shows that the Society has undertaken and carried 
through the work which was assigned to it in its Charter so many 
years ago. It has published freely and placed everything at the 
disposal of those who wish to utilise it. I don’t know whether I can 
say anything—I should like to—about the very large number of 
chemical societies existing in this country. I touched upon that 
point in my address this afternoon. I don’t know why English 
people are so intensely individual, but it is a characteristic of 
British people and has to be dealt-with. It makes usa nation, in a 
sense, in many respects, greater or better than others, but it has its 
handicaps. It seems to me that the Anglo-Saxon race is apt to have 
too many queen bees—people who want to hive off and form societies 
of their own. Well, ladies and gentlemen, that may be an excellent 
thing from an apiarian point of view—I am sure it is a very bad thing 
from a chemical point of view. If we really take matters into 
consideration, we may find, as we have found in the last few years, 
that we have many points in common, and we can save duplication 
and so forth by co-operation.” 


Sir Rosert Rospertson proposed * The City of Leeds,’ and in 











doing so said: “‘ The toast which I have to lay before you is that 
of ‘ The City of Leeds,’ coupled with the name of the Lord Mayor. 
In proposing such a toast, the first thought that naturally comes 
to one’s mind is that of hospitality. I speak with the recollection 
of two years ago, when the British Association met in Leeds, and all 
of us who were here on that occasion will recollect the wonderful 
hospitality we received at the hands of this city. We recollect the 
civic hospitality, and we have the pleasantest of memories of the 
private hospitality of its citizens and of the beauty of the surround- 
ings of the city. Torefresh my memory I had recourse to that blue 
book issued by the British Association, and in that book you will 
find possibly some of the reasons why Leeds is the great city it is. 
You will find references to the geological formation, strata and line, 
the geographical contours of the land, its position with regard to 
rivers, and all that sort of thing, with the implication that these 
have been the features which have made it great, but I prefer to 
think there is another reason—the essential qualities of the York- 
shireman. The chief guest of this evening has told us of the great 
diversity of industries which are the salvation of this city. Its 
fame and its prosperity rest not upon one foundation, but upon 
many, and our President this afternoon in his review laid stress upon 
the close collaboration and the necessity for it in the future. 

“The present Lord Mayor of the city is characterised by his 
devotion to civic duty. _ For a long time his idealism in civic matters 
has been carried to a point which places him on a pinnacle in regard 
to these matters. He said to-day in his civic welcome that he felt 
somewhat awkward in the presence of scientific men. I should like 
to assure him we are very human people.”’ 


The Lorp Mayor of Lzxps, in responding, said: “I am 
grateful for the very gracious words used in relation to the city. I 
appreciate very highly Sir Robert Robertson’s reference to the 
wonderful hospitality of Leeds, which I think is magnificent, but 
what I couldn’t quite understand was something he said about rivers. 
We have a river in Leeds—perhaps some of you have seen it, If 
not, I think you ought to inspect it, with a view to have it treated. 
I have had the advantage of tracing it to its source. If ever you 
have the chance of going to Malham, and seeing the beginnings of it, 
you will hardly believe it is the same river which passes through 
Leeds. It seems to have gathered a good many things in its pro- 
gress. If you suffered from blindness, you would not be able to see it, 
but so long as your nasal organ is in good trim, you will discover it all 
right by walking near it. I don’t consider it one of the beauties of 
Leeds, and I am sure you will forgive me if I just exempt the river 
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from the list of the beauties of the city of which we who live here are 
so proud. Who pollutes the river? Well, there may be somebody 
here from Bradford, and I have heard it said that although Bradford 
is not exactly on the river side, there is a possibility of matter from 
Bradford getting into theriver. I don’t think it all gets into the river 
as it passes Bradford—some gets in a little higher up nearer Skipton. 

“T have often heard Leeds compared with Manchester, and I 
know quite a number of interesting instances in which Manchester 
and Leeds have competed. We do think sometimes that we will 
really have a ship canal to Leeds, so that we can compete with 
Manchester on a more equal footing. 

“The President has said that Britishers are apt to produce too 
many queen bees. Personally I am very grateful that women are 
now asked to share the responsibility in the government of the city 
and the country. What are we going to do to mark the incoming 
of that tremendous change? I think that the fact that this city 
and all our towns are going to be governed by the women as well as 
the men is a remarkable development in the history of the country, 
and I am proud to be a Britisher in this particular, whether we have 
too many queen bees or not. In some parts of the world they are 
heading for far worse forms of government, whereas we in this 
country are marching steadily forward to the ideal government for 
the human race, and I am proud that I happen to be the Lord Mayor 
of this great city at a time when women and men are to share equally 
in its government. 

“ The development of cities brings with it a great need for collec- 
tive life, and demands, in my judgment, an intensified collective 
consciousness. It needs a bigger man to say ‘ we’ than it does to 
say ‘ I,’ and it takes a very much bigger man to act ‘we ’ than it does 
toact ‘I.’ If by any means we can help to develop the collective 
sense and collective enterprise, we ought to be proud. We want 
more private enterprise, so that we may have more collective enter- 
prise. Our cities must not be asleep. as corporate bodies while the 
citizens are struggling to develop the common life. Collectively we 
must be alive to provide the conditions which will make possible the 
developments that private enterprise is so anxious to bring about.” 


Professor Haroip B. Drxon proposed “ The University of Leeds.”’ 
He said, ‘‘ Mr. President, I have known the Leeds University in 
its various forms for more than fifty years. I knew it originally 
as the Yorkshire College of Sicence, which became famous not only 
throughout Yorkshire, but throughout the whole country, by the 
brilliant work of its staff. Just to mention only one instance—that 
wonderful symposium on coal written by five professors of the 

















Yorkshire College of Science. It was a scientific treatise with 
learning put readably that would be hard to equal. For those 
professors—and I had the privilege of knowing them all—were 
masters of their several Sciences, and they not only achieved a great 
fame in the country, but they persuaded practical Yorkshire to 
believe that just as Science had improved her industries, so it might 
be that her thought and feeling would be raised by the cultivation 
of the Arts in her midst: Hence Science joined hands with the 
Arts and the Yorkshire College began a career which has continued 
ever since, until it has culminated in the great and growing 
University of Leeds. 

“* But there were those of that generation who didn’t altogether 
appreciate this equal union of the Arts and Sciences. I remember 
very well Huxley dealing with those pessimists. . There are people, 
he said, who look on this scientific birth of our times as a sort of 
monster rising out of the sea with the purpose of devouring the 
Andromeda of the Arts. And now and then a would-be Perseus, 
equipped with the cap of invisibility, tries conclusions with the 
dragon of Science. I rather think Huxley thought that the real 
end of the story would be-—in fact was, as Yorkshire now knows— 
the marriage of the dragon of Science and the Andromeda of Art, 
and perhaps we should look upon Perseus as a kind of liberator 
who cut off the shackles that bound Andromeda to the rock. 

“It has been said that there is some kind of rivalry between 
Manchester and Leeds; I rather think there has been an entenie 
cordiale. If we in the past gave to Leeds three distinguished 
chemists, Leeds has now repaid us with a brilliant physiologist. 
Everyone who knew the first Principal and Vice-Chancellor of Leeds, 
Professor Bodington, recognised that he bore great learning and 
urbanity like a garment. Many will remember Michael Sadler, 
whose spell seemed to have the power of reducing eloquence almost 
to the level of an exact science. I have not the privilige of knowing 
your present Vice-Chancellor. Of his academic Odysseys I can 
only beg the Muse to record ‘ how many are the men whose cities 
he has seen, and whose mind he has learnt.’ But if we had to look 
for one who could hold the scales evenly between Science and the 
Arts, we might well find him in a philosopher who holds, with 
Hegel, that ‘ Reason is the essential nature of Reality,’ or, if you 
prefer it, that ‘ Reality is the essential nature of Reason ’—for 
philosophers applied the principle of the reversible equation long 
before chemists rediscovered it. I think I can quote one other 
Hegelian phrase that may appeal to him—that there is a logic 
inherent in the development of all human. institutions: I presume 
also then in the development of the University of Leeds. 
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“I give you the toast of ‘ The University of Leeds ’ coupled with 
the name of the Vice-Chancellor.” 


Dr. J. B. Barre, Vice-Chancellor of the University of Leeds, 
in responding, said : ‘‘ First of all, may I express, on behalf of my 
colleagues here and of the University as a whole, our grateful 
appreciation of the very gracious terms in which Professor Dixon has 
proposed this toast, and to you all for the way you have received it ? 

‘“‘ We are happy indeed to welcome the Chemical Society on its 
eighty-eighth birthday in this city. In Yorkshire at that age people 
just begin to be young, and we trust this is the beginning for you of 
a future of increased prosperity—financially and otherwise. For 
another reason, too, it is appropriate you should have come here, 
because this city is celebrated, amongst many other things, for 
having produced one of the founders of modern chemistry—Priestley. 
In Leeds you have an illustration of that close association between 
science and industry which I trust is to be in the future a character- 
istic of all the great industrial cities of the world. It may be 
said that the University represents the intellectual side of industry. 
I understand, Mr. President, that you, this afternoon, dealt 
with that fruitful and important subject, the alliance between 
science and industry. That is a topic which is constantly discussed 
in this area, and, indeed, it. was largely the association of science and 
industry that started the University. I trust you laid stress upon 
the fact that the practical application of science is by no means easy. 
I have come to the conclusion that the practical application is in 
certain respects far more difficult than purely theoretical activity. 

“ We in the University are doing our best to advance the bound- 
aries of chemical science. We have in our departments seven distinct 
sections of chemistry represented. We trust we are able to assist 
you as a Society as well as industry, which depends upon chemical 
science. 

“* After all, this science of chemistry is one of the oldest forms of 
curiosity in human history. It goes back certainly to the time 
of the Egyptians. It has stimulated not merely the intellectual 
curiosity, but the cupidity of mankind. Reputations have been 
won and lost, fortunes have been lost and found. This science has 
developed the resources of mankind in managing the forces of nature 
as few other sciences can be said to have done. The ingenuity 
displayed by you and conceived by you in trying to get to the heart of 
the material world awakens our admiration and wonder. Your 
success seems to depend on a peculiar combination of poetry, 
patience and penetration. How far you will go in the future no man 
can say. You have already done a very great deal for this country, 











and I am satisfied that in the future you are destined to do much 


39 


more, 


Professor R. WuyTLAw Gray gave the toast of “ The Guests.” 
He said: ‘It is a delightful duty to propose such an important 
toast. Other speakers, I think, have alluded to the fact that this 
is the first time the Chemical Society has taken its guests to 
Yorkshire. As I look round the tables, I must say I feel very proud 
and perhaps a little abashed at having to propose the health of so 
many bright stars. In such a constellation I derive comfort from 
the reflection that they are nearly all of the ‘ first magnitude.’ 

“ First of all, I would offer a very cordial welcome to our two 
distinguished foreign representatives, Professor Einaar Biilmann and 
Professor Max Bodenstein. Professor Biilmann’s activities range 
over wide fields of chemistry, and among his later investigations 
I may mention his important work on hydro-electrodes, which has 
had far-reaching consequences and added to his great reputation 
as a physical chemist. He has also been an active worker in inter- 
national chemistry. Professor Bodenstein is one of the great 
outstanding figures of the world in physical chemistry, and our 
Society is to be congratulated on having at this dinner so distin- 
guished a representative from the German Chemical Society. 

““ We have here to-night nearly every shade of chemical activity 
represented—pure and applied. We have Dr. Herbert Levinstein— 
and all chemists will recall the great part played by his father—and 
also Mr. Cyril Eastman and Mr. E. Hinks. We are also delighted 
to have with us the Lord Mayor of Leeds, and everyone will extend a 
hearty welcome to Col. Bousfield, Col. Tetley, and others whom it is 
our privilege to entertain.” 


Professor BoOLMANN, in responding, said: “Mr. President, 
My Lord, ladies and gentlemen, I shall have the very great honour 
to reply to the toast of the guests. In the first place, I must thank 
the Chemical Society and our British colleagues for the very kind 
invitation to come to Leeds and attend this annual meeting and this 
Dinner here to-night. In the second place, I wish to thank Pro- 
fessor Whytlaw Gray for the very charming way in which he has 
proposed the toast of the health of all the guests, including myself. 

“ The Chemical Society, if I am allowed to'say so, is a little like 
the moon. Every month a new moon shines on the earth, and every 
month a new number of your Journal shines in our laboratories all 
round the world and tells us what you are doing in chemistry here in 
old England. And even a chemist who has never had the luck to 
visit England knows a great deal not only about chemistry but also 
about English chemists, if he reads that Journal of yours. But just 





as oOo. & 


as esr oedes wa 


> ell — | 





as we only know one side of the moon, and have never seen the other, 
so in your Journal only one side of our English colleagues presents 
itself to us, and of course we are very eager to see the other side of 
you as well, and to do so you have given us the most excellent 
opportunity here in Leeds. 

“‘ T think some people might ask, What is the use of such an annual 
dinner? But they only ask because they have not read the old 
philosophers as they should have done. But we remember that 
Democritus, the old philosopher, one of the parents of the atomic 
theory—yes, Democritus himself said that life without feasts is like a 
highway without inns. And so we, the chemists, the true pupils of 
the old man Democritus, we know the use of personal meeting as here 
between colleagues, personal exchange of views, personal friendship 
between men of science, and of personal mutual confidence and 
intimacy, which is so natural to men of science, regardless of nation- 
ality, because science itself is international—the most international 
thing of all, the quintessence of internationality. There is certainly 
positive affinity for international co-operation between all chemists, 
and I hope that the International Union may be a good catalyst for 
this reaction, so that the natural state of equilibrium may be estab- 
lished. But although science itself is international, all of us belong 
to a nation and bear the impress of our nationality, and we wish to 
do so, I do so, and you do so, and we wish to honour our country 
through the work we do. Not only that, but all of us wish to decide 
what we shall do, which problem we shall treat, and we will never 
allow anybody to tell us that we ought to do other things than those 
we care todo. Only so can we make good science. If anyone comes 
and wants to organise our personal scientific work, we may reply to 
him in the words of my famous countryman, Hamlet, Prince of 
Denmark : ‘ You would play upon me . . . asona pipe; ... you 
would seem to know my stops. . . . Call me what instrument you 
will, though you can fret me, you cannot play upon me.’ 

“ Yet our science is international, and we all pursue the same end. 
We are like those men who, having to make a tunnel through a 
mountain, start from opposite sides: from north and south they 
break their way through the darkness of the mountain, quite certain 
to meet each other in the depths of the rocky mass. Why so 
certain? Because they took bearing of the stars far, far away. 
And the same we do, taking bearing by the stars of natural science, 
the truth far away from opinions which change every day. 

“Surely life in the chemical laboratory makes a man modest 
regarding the importance of his personal opinions. Every day’s 
experimental work tells him that ‘ there are more things in heaven 
and earth than are dreamt of in our philosophy ’"—if I may quote 
again Prince Hamlet. 


























** But I have to come back to ourhosts. I said just now that all 
of us wish to honour our own country by our work. In London, in 
the Tate Gallery, I saw a picture by Millais, showing an old sailor 
sitting with maps of the polar region and studying how to pass them. 
On the frame are carved these words: ‘It might be done, and 
England should do it.’ I think the same words are carved in your 
minds when you treat problems of our science, and I wish luck to the 
English chemists in their work for the progress of chemistry and 
for the honour of their country. 

“IT beg my fellow guests to drink together with me to the honour 
of the English chemists and the Chemical Society.” 


Professor Max BopENSTEIN also briefly responded to the toast, 
and expressed his pleasure at being present in the industrial and 
musical city of Leeds. He emphasised the common interest 
between scientific people the world over, and the friendship that 
existed between them. He trusted that these good relationships 
would be fostered and encouraged in the future. 


The dinner concluded with the singing of the National Anthem. 





PEDLER LECTURE. 


The first Pedler Lecture will be delivered by Professor W. H. 
Perkin, Sc.D., LL.D., F.R.S8., on’ Thursday, May 30th, 1929, at 
5.30 p.m., the title of his lecture being ‘“‘The Early History of the 
Synthesis of Closed Carbon Chains.” The lecture will be given in 
the Meeting Hall of the Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park, 8.W.1. Tickets of admission will 
not be required. 





LIST OF FELLOWS FOR 1929. 


It has been decided to publish the List of Fellows for 1929, 
and to supply it to those Fellows who make application before 
August 31st, 1929. In order that the new List may be as complete 
as possible, Fellows are asked to notify the Assistant Secretary of 
any change of address or other alteration before the end of July. 





RESEARCH FUND COMMITTEE MEETING. 

A meeting of the Research Fund Committee will be held next 
June. Applications for grants, to be made on forms obtainable 
from the Assistant Secretary, Chemical Society, Burlington House, 
Piccadilly, London, W. 1, must be received on or before Saturday, 
June Ist. 
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All those who received grants in June 1928, or in June of any 
previous year, whose research grant accounts have not been closed 
by the Council, are reminded that their reports must be returned 
to the Assistant Secretary by June Ist. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 

ABDERHALDEN, Emi. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden. Teil 2, 2 
Hilfte. Heft iii. Berlin 1929. pp. 1969 to 2148. 

From the Publishers : Herren Urban & Schwarzenberg. 

BayLey, THomas. A pocket book for chemists, chemical manu- 
facturers, metallurgists, dyers, distillers, brewers, sugar refiners, 
photographers, students, etc. 9th edition. Edited by Rosrrt 
Ensott. London 1929. pp. xvi + 460. (Reference.) 8s. 6d. net. 

From the Publishers : Messrs. E. & F. N. Spon. 

Briegs, Dennis Broox. Chemical analysis, qualitative and 
quantitative. London 1928. pp. viii + 144 + 135. ill. 6s. net. 
(Recd. 27/3/29.) 

-—— Qualitative analysis. London 1928. pp. viii + 144. 3s. 6d. 
net. (Reed. 27/3/29.) From the Author. 

CoNSTABLE, FREDERICK Hurn. A concise summary of elementary 
organic chemistry. London 1929. pp. xiv-+ 149. 4s. 6d. net. 
(Recd. 22/3/29.) From the Publishers : Messrs Methuen & Co. 

FatcroLa, Pretro. Trattato di chimica analitica qualitativa. 
Vol. I. Milano 1929. pp. xx + 512. L.75. (Recd. 16/4/19.) 

From the Publishers : Soc. An. Istituto Editoriale Scientifico. 

MENSCHUTEIN, NrkoLal ALEXANDROVICH. Analytical chemistry. 
15th edition. Moscow 1929. pp. 528. ill. [In Russian.] (Reed. 
9/4/29.) From Professor B. N. Menschutkin. 


Il. By Purchase. 

Curtis, C. A. Kiinstliche organische Pigmentfarben und ihre 
Anwendungsgebiete. Berlin 1929. pp. vii + 230. M.24. (Recd. 
21/3/29.) 

JANDER, G. and Prunpt, O. Die visuelle Leitfahigkeitstitration 
und ihre praktischen Anwendungen. (Die chemische Analyse. 
Vol. XXVI.) Stuttgart 1929. pp. viii + 64. ill. (Reference.) 
M. 8.80. 

MantTett, CHARLES Letnam. Industrial carbon. New York 
1928. pp. x +410. ill. 21s. net. (Reed. 5/4/29.) 

Meroxe, ReEmNHARD. Bandenspektra und ihre Bedeutung fiir die 
Chemie. (Fortschritte der Chemie, Physik und physikalischen 
Chemie, Vol. XX.) Berlin 1929. 
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SOMMERFELD, ARNOLD. Atombau und Spektrallinien. Wellen. 
mechanischer Erganzungsband. Braunschweig 1929. PP. x + 352. 
ill. M. 14.50. (Reed. 21/3/29.) 

UnitepD States. Institute for Government Research. The Bureau 
of Chemistry and Soils, its history, activities and organization. By 
Gustavus A. WEBER. Baltimore 1928. pp. xii + 218. 7s. net. 
(Recd. 20/3/29.) 

Ill. Pamphlets. 

AusTRALiA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research.. Pamphlet No. 10. The health and nutrition 
of animals. Reports by Sm ARNOLD THEILER and JoHN Boyp Orr. 
Melbourne 1929. pp. 76. 

HENDRICK, JAMES. Some notes on the conditions of nitrification. 
(From the Proc. Papers 1st Int. Cong. Soil Sci., 1927, 3.) 

HeENpDRICK, JAMES, and NEwLANDS, GEORGE. The mineral 
composition of the soil as a factor in soil classification. (From the 
Proc. Papers 1st Int. Cong. Soil Sci., 1927, 4.) 

HENDRICK, JAMES, and WetsH, H. D. The substances removed 
by the drainage from a Scottish soil. (From the Proc. Papers lst 
Int. Cong. Soil Sci., 1927, 2). 

Lozanié, 8S. M. Numerical regularities in the atomic weights of 
elements. (From the Bull. Int. Acad. Sci. Bohéme, 1928.) 

Mives Department. Safety in Mines Research Board. Paper 
No. 51. The testing of explosives for use in fiery coal mines. 
London 1929. pp. 50 + 5 plates. 

NEWLANDS, GEORGE. Scottish soil types with special reference to 
Northeast Scotland. (From the Proc. Papers 1st Int. Cong. Soil 
Sci., 1927, 4.) 

Perera, ARTUR Carposo, A vida e a obra de M. Berthelot. 
(From the Rev. Quim. Pura e Applicada, 1928.) _ ill. 

A obra e a vida de James Marsh. (From the Arch. Inst. 
Med. Legal, Lisboa, 1929, Series B, 3.) . ill. 

ScreNTIFIC AND InpustTRiat ReEsEARCH. Department of. 
Engineering Research. Special Report No. 12. Lanoline rust 
preventers. By C. JakemMan. London 1929. pp. iv + 22. ill. 

—— Special Report No. 15. Properties of materials at high 
temperatures. V. The “creep” strength of a “ high nickel-high 
chromium steel,’’ between 600° C. and 800°C. By Herpert James 
Tapsect and J. Remrry. London 1929. pp. iv +7. ill. 

—— Fuel Research. Physical and chemical survey of the national 
coal resources, No. 14. Description of the coalfields of North 
Staffordshire. London 1929. pp. vi + 16. 

Gas Cylinders Research Commitiee. Ordinary commercial 
cylinders for the “ permanent” gases: summary of recom- 
mendations (revised). London 1929. pp..iv + 7. ill. 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Extra Meeting held at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, 8.W. 1., on Thursday, April 25th, 1929, 
at 5.30 p.m., the President, Professor J. F. Taorpz, C.B.E., D.Se., 
F.R.S., in the Chair. 


After a brief introduction dealing with the life and work of 
Professor Theodore W. Richards, the PrestpEnt called upon Sir 
Harold Hartley to deliver the Theodore W. Richards Memorial 
Lecture. 

At the conclusion of the lecture, a vote of thanks to the Lecturer 
was proposed by Professor Arthur Smithells, seconded by Professor 
T. M. Lowry, and carried with acclamation, Sir Harold Hartley 


making acknowledgment. 





Ordinary Scientific Meeting, Thursday, May 2nd, 1929, at 8 p.m., 
the President, Professor J. F. Toorpz, C.B.E., D.Sc., F.R.S., in the 
Chair. 


The PrEsIpENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Thomas B, Osborne (Honorary 

March 7th, 1912.. Jan. 20th, 1929. 

Dec. 7th, 1905. Jan. 22nd, 1929. 
Ernest Francis Ehrhardt June 6th, 1887. April 20th, 1929. 
Harold J. Hailstone Dec. 15th, 1921. April 4th, 1929. 
Charles James Feb. 15th, 1912. Dec. 10th, 1928. 
Herbert B. Stocks Nov. 17th, 1887. Feb. 7th, 1929. 
John Tomlinson May 5th, 1927. March 3rd, 1929.° 


Certificates were read for the first time in favour of : 


Charles Alfred Allgood, St. George’s Hospital, Hyde Park Corner, S.W. 1. 
Leslie Herbert Angus, M.Sc., The Cottage, Market Bosworth, Nuneaton. 


Knowles Edge, B.A., Ribble ‘Ledge, Lytham, Lancs. 
Howard Ernest Gouden, A.R.C.8S., A.LC., 7, Brentwood Grove, Armley, 
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Gwilym Owen Griffiths, B.Sc., 40, Rating Row, Beaumaris, Anglesey. 

Walter Reginald Hunt, 21, Sandy Lane South, Wallington. 

Alexander Leicester McAulay, Prof., M.A., Ph.D., B.Sc., University of 
Tasmania, Hobart, Tasmania. 

Harry Gordon Poole, M.Sc., Waite Agricultural Research Institute, Glen 
Osmond, Adelaide, South Australia. 


Alan Richard Powell, Red Roofs, Sycamore Road, Amersham, Bucks. 

John Roberts, Arley House, Bracondale, Norwich. 

Alice Mary Robinson, B.Sc., 4, Arkleigh Mansions, Hendon, N.W. 4. 

Archibald Affleck West Russell, B.A., B.Sc., 3, Woburn Square, W.C. 1. 

William Russell-Smith, 1, Aubert Park, Highbury, N. 5. 

Ralla Ram Seth, B.Se., Sheo-Asharam, Delhi, India. 

Harold Taylor, 161, St. James’s Road, Blackburn. 

Leslie Walter Tiller, B.Sc., 39, Waimea Road, Nelson, New Zealand. 

Jugatram Shankerprasad Vaidya, Zandu Pharmaceutical Works, Ltd., 
Sayani Road, Dadar, Bombay, India. 

Harold Walmsley, 11, St. Stephens Road, Lewisham, 8.E. 13. 


The following certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


Pauchapagesa Krishnamurthy, M.A., 210, Bowbazar Street, Calcutta, India. 
André Meyer, Prof., D.-és-Sc., 3, Rue Docteur-Maret, Dijon, France. 


Dr. E. H. Farmer and Mr. 8. H. Woolhouse were elected 
Scrutators, and a ballot for the election of Fellows was held. The 


following were subsequently declared elected as Fellows : 


John Norman Aldington, B.Sc. 

Hla Baw, B.Sc. 

Jack Bloom, B.Sc. 

Rupert Woolby Brooke. 

Francis Alan Butt. 

Lawrence Harvey Cook, A.M. 

Robert Neil Cunningham, B.Sc. 

Masao Fukuda. 

James Galloway. 

Constance Higginbottom, M.Sc. 

Andrew Home-Morton, M.Inst.C.E., 
M.1.Mech.E., M.I.E.E. 

John Lloyd Jones, B.A., B.Sc. 

Dadabhoy Maneckshaw Karkhana- 
vala. 

Andrew Kent, M.A., B.Sc. 

John Craven Laycock. 


Margaret Augusta Leishman, B.A., 
B.Sc. 

William Rowe Littlejohn, B.Sc. 

William George Moffitt, B.Sc. 

Sokichi Nakanishi. 

Birendra Lal Nandi, M.Sc. 

Eiji Ochiai. 

Stuart Wortley Pennycuick, D.Sc. 

Thomas Moore Ridley. 

Frank Albert Royle, M.Sc., Ph.D. 

Leopold Ruzicka, Dr. Ing. 

Charles Gordon Smith, M.Se. 

Bernard Thomas Dudley Sully, B.Sc., 
A.R.C.S., A.C. 

Andrew Theodore Sumner, B.Sc. 

Masanobu Terasaka. 

Leonard Noel Tyrrell. 


The following papers were read : 

“The volatility and structures of the azides and aliphatic diazo- 
compounds.” By N. V. Srp@wick. 

“The unsaponifiable matter from the oils of elasmobranch fish. 
Part V. The constitution of squalene as deduced from its 
degradation products.”” By I. M. Hemsron, W. M. Owens, 
and I, A. Sumpson. 
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“The unsaponifiable matter from the oils of elasmobranch fish. 
Part VI. The constitution of squalene as deduced from a study 
of the decahydrosqualenes.” By I. M. Hemsron and A. 
THOMPSON. 

“Catalytic influences in three-carbon tautomerism. Part I. 
Sodium alkyloxides.” By G. A. R. Kon and R. P. LinstEap. 

‘Studies in the sterol group. Part III. The acetylation and 
catalytic hydrogenation of ergosterol.”” By I. M. HEImLBRON 
and W. A. Sexton. 

‘Studies in the sterol group. Part IV. The existence of isomeric 
naturally occurring ergosterols.”” By I. M. Hemsron, W. A. 
Sexton, and F. 8. Serine. 

‘Styrylpyrylium salts. Part XI. The determination of the 
reactive group in ketones of the type CH,-CO*CH,R by means 
of the benzo-$-naphthaspiropyran colour change.” By I. M. 
HEILBRON and F. Irvine. 





Ordinary Scientific Meeting, Thursday, May 16th, 1929, at 
8 p.m., Professor J. F. THorpz, C.B.E., D.Sc., F.R.S., President, 
in the Chair. 


Reference was made to the loss sustained by the Society, 
through death on March 31st, of Henry Edward Aykroyd, who was 
elected a Fellow on December 3rd, 1896. 

The PRESIDENT announced that, accompanied by the Senior 
Secretary, he had attended a ‘‘ Besondere Sitzung ” of the German 
Chemical Society held in the “ Hérsaal” of Hofmann House, 
Sigismundstrasse 4, Berlin at 7 p.m. on the evening of May 6th, 
and had presented the copy of the “‘ Muspratt ” portrait of von Liebig 
which had been painted at the request of the Council by Mr. G. A. 
Pownall. In making the presentation he said: 

“Herr Prasident, meine Damen und Herren. Wahrend der 
Liebig- Wéhler-Feier in Darmstadt im Juli des vorigen Jahres wurde 
auf der Biihne des Versammlungssaales ein von Trautschold gemaltes 
Bildnis Justus von Liebig’s ausgestellt. Dieses Bildnis, welches 
von der Englischen Chemischen Gesellschaft geliehen war, wurde 
der Gesellschaft durch Frau Alec Tweedie, einer Patin Justus von 
Liebig’s geschenkt. 

“Frau Alec Tweedie’s Mutter, geborene Emma Muspratt, war 
nimlich mit dem beriihmten Chemiker sehr befreundet—um ihr 
das Leben zu retten soll von Liebig zuerst seinen Hiihnerfleisch 
Extract bereitet haben. Das Portrait wurde Fraulein Emma 
Muspratt gelegentlich ihrer Vermahlung mit Dr. Harley in 1860 
gegeben. 
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“ Da das andere Trautscholdsche Portrait Justus von Liebig als 
alteren Mann darstellt, wihrend er im Musprattschen Bildnis in der 
Bliite des Mannesalters erscheint, hat die englische Chemische 
Gesellschaft durch einen hervorragenden Kiinstler eine Kopie dieses 
Bildes herstellen lassen. 

** Mit dem gréssten Vergniigen iiberreiche ich nun, Herr Prasident, 
diese Kopie im Namen des Vorstandes und der Mitglieder der 
englischen Chemischen Gesellschaft der deutschen Schwester 
Gesellschaft, nicht nur im Andenken an einen weltberiihmten 
Deutschen, durch dessen Lebenswerk unsere ganze Kultur bereichert 
wurde, sondern auch als Zeichen der Hochschatzung und der Ehre, 
welche sein Name in allen Zweigen des chemischen Berufs in Gross. 
britannien geniesst.”’ 

The President of the German Chemical Society (Geheimrat Pro- 
fessor Dr. H. Wieland) asked the President to convey to the Council 
and Fellows of the Chemical Society the sincere thanks of the 
German Chemical Society for their most-welcomed gift which it 
would treasure among its most valued possessions. He regarded 
it as -an expression of international friendship and goodwill which 
they wished most heartily to reciprocate. 

The following were formally admitted Fellows of the Chemical 


Society : A. Herbert Spong, Allan Domleo, James G. Fife, and 


R. Neil Cunningham. 
Certificates were read for the first time in favour of : 


Albert Charles Chibnall, M.A., Ph.D., Cedar House, Chiswick, W. 4. 

James Gerald Crowther, Oxford University Press, Falcon Square, E.C. 1. 
Herbert Tasman Davies, Arcana, High Salvington, Worthing. 

Kin Kin Gyi, B.A., 4, Fairfax Mansions, Swiss Cottage, N.W. 3. 

John Arthur Hetherington, B.Sc., 57, Durham Road, Blackhill, Co. Durham. 


George Berthold Loeffler, Springside, Gorey, Jersey. 
Shigehiko Sugasawa, Chemical Department, University College, Gower Street, 


W.c. 1. 
Hubert Bradford Vickery, B.A., M.Se., Ph.D., Connecticut Agricultural 
Experiment Station, New Haven, Connecticut, U.S.A. 


The following papers were read : 

“The dissociation constants of organic acids. Part I. The 
primary dissociation constants of some alkyl malonic acids.” 
By A. I. VoGEL. 

“The dissociation constants of organic acids. Part Il. The 
primary dissociation constants of some cyclic 1 : 1-dicarboxylic 
acids.” By A. I. VoGEL. 

‘The properties of nicotine and its derivatives. Part I. Mole- 
cular extinction-coefficients.”” By T. M. Lowry and W. V. 
LioyD. 
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“The properties of nicotine and its derivatives. Part II. Optical 
rotatory power and rotatory dispersion.” By T. M. Lowry 
and W. V. Lioyp. 

“ Investigations on the dependence of rotatory power on chemical 
constitution. Part XXXIV. Borotartaric acid.” By S. G. 
Bureess and H. Hunter. 





LIST OF FELLOWS FOR 1929. 


It has been decided to publish the List of Fellows for 1929, and 
to supply it to those Fellows who make application before August 
3lst, 1929. In order that the new List may be as complete as possi- 
ble, Fellows are asked to notify the Assistant Secretary of any 
change of address or other alteration before the end of July. 





HARRISON MEMORIAL PRIZE 


The Prize, of the value of about £150, is to be awarded to the 
chemist of either sex, being a natural born British subject and not 
at the time over thirty years of age, who, in the opinion of the 
Selection Committee, during the previous five years has conducted 
the most meritorious and promising original investigations in any 
branch of pure or applied chemistry and published the results of 
those investigations in a scientific periodical or periodicals. 

Provided that, in the opinion of the Selection Committee, there is 
a candidate of sufficient distinction to warrant an award of the Prize, 
the next award is to be made in December, 1929. 

Applications, five copies of which must be submitted, should 
contain the following information : 


a) Name (in full). 
6) Age (birth certificate to accompany application). 
c) Degrees (name of University where obtained). 
d) Other qualifications. 
e) Experience. 
Titles of published papers, with authors’ names, including full 
references to publication. 
(9) Where research was carried out. 
(h) Testimonials or references. 
(i) Any other information bearing on the application. 


The Selection Committee is prepared to receive applications, 
nominations, or information as to candidates eligible for the Prize. 
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Any such communication must be received by the President, The 
Chemical Society, Burlington House, Piccadilly, London, W. 1, not 
later than Monday, December 2nd, 1929. 





List of Papers, or Abstracts thereof, received between March 7th 
and May 16th, 1929. (This List does not include the titles of papers 
which have been read at an Ordinary Scientific Meeting, or which 
have appeared in the Journal.) 

“The viscosity of iodine—-potassium iodide solutions.” By F. V. 
Davis. 

“The action of thionyl chloride on alcohols in the presence of 
pyridine.” By D. E. LapHams. 

“The effect of gases on the electric charges developed by heated 
metals.” By D. H. Bancuam and D. R. Lewis. 

“‘ Organic derivatives of silicon. Part XXXIX. The action of 
sodium on phenoxychlorosilicanes.” By R. A. THompson and 
F. S. Kierra. 

“ Organic derivatives of silicon. Part XL. Attempts to prepare 
unsaturated compounds from pheny] silicon trichloride.” By 
F, S. Kreprne, A. G. Murray, and (in part) J. G. Maursy. 

“The effect of a gas upon the pressure of a vapour.” By L. A. 
Sayog and H, V. A. Briscor. 

“The dissociation constants of organic acids. Part I. The 
primary dissociation constants of some alkyl malonic acids.” 
By A. I. VocEt. 

“* Studies in complex salts. Part II. The preparation, properties, 
and stability of some bisdicarboxylate copper salts.” By H. L. 
RILEY. . 

“ The effect of gases on the colour of iodine vapour, and the solvent 
action of various vapours on solid iodine.” By R. Wricxt 
and T. McGrecor. 

“* On the modifications of galactose.” By C. N. Riser, J. Mmysaas, 
and R. T, Lyons. 

“The Walden inversion. Part II.” By H. N. K. Réppam. 

“The decomposition of carbon monoxide in the silent electric 
discharge. Part III.” By R. W. Lunt and L. 8S. Mumrorp. 

“Cobalt with a co-valency of four. A new series of complex 
compounds.” By E. G. V. Perctvat and W. WaRpLaw. 

“ Nicotine tetrachloroiodide.” By F. D. Cuatraway and G. D. 
PARKES. 

‘“‘ N-Methyl derivatives of 2-phenylnaphthylene-1 : 3-diamine.” 
By W.S. Kentisa. ' 
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“The production of pinacols in the reaction between a carboxylic 
ester and a Grignard reagent.” By H. H. Harr. 

“Tsatin anil. Part I. The isomerism of isatin-2-anil.” By R. K. 
CaLLow and E. Hope. 

“A wandering of the acyl group in partially acylated phenolic 
compounds. Part II. Synthesis of anthragallol 1:2- and 
1 : 3-dimethyl ethers.”” By A. G. Perxmy and C. W. H. Story. 

“The mechanism of tautomeric interchange and the effect of 
structure on mobility and equilibrium. Part IV. Further 
evidence relating to the mechanism of acid catalysis in the 
mutarotation of nitrogen derivatives of tetra-acetylglucose.” 
By J. W. Baker. 

“The product of the reaction between ammonium thiocyanate and 
nitric acid.” By P. L. Ropryson and W. E. Scort. 

“The production of kojic acid from pentoses by Aspergillus 
Oryze.” By F. Caatcencsr, L. Kuerm, and T. K. WALKER. 

“The properties of the chlorides of sulphur. Part II. Molecular 
extinction coefficients.” By T. M. Lowry and G. JEssopP. 

“10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
IX. The synthesis of nitromethyldiphenylamine-6’-arsinic 
acids and their conversion into nitromethyl derivatives 
of 10-chloro-5 : 10-dihydrophenarsazine. Constitution of 
10-chloro-5 : 10-dihydrophenarsazine.”” By C. 8S. Grsson and 
J. D. A. JoHNson. 

“The constitution of the red isomeride of creatinine picrate 
responsible for Jaffé’s colour reaction.” By W. K. ANsSLow 
and H. Kine. 

“New polynuclear co-ordination compounds of cobalt.” By 
E. G. V. Perctvat and W. WaRDLAw. 

“The isomerism of derivatives of 2-phenylnaphthylene-1 : 3-di- 
amine.” By M.S. Lesstiz and E. E,. TURNER. 

“The mobility of symmetrical triad prototropic systems. Part V. 
A new triad system (methyleneazomethine).’”’ By C. K. 
InGoLp and C. W. SHOPPEE. 

‘* Influence of poles and polar linkings on tautomerism in the simple 
three-carbon system. Part II. Some bis-quaternary «y-prop- 
enylenediammonium salts.” By C. K. Ineoup and E. Rots- 
STEIN. 

“The parachor and chemical constitution. Part XII. Fused 
metals and salts.” By S. SuepEen and H. WIxK1ns. 

“Tertiary phosphines containing the higher alkyl radicals.” By 
W. C. Daviss, P. L. Pearssz, and W. J. Jonzs. 

“The photolysis of potassium ferrioxalate solutions. Part I. 
Experimental.” By A. J. ALLMAND and W. W. WEBB. 
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“The photolysis of potassium ferrioxalate solutions. Part II. 
Discussion.” By A. J. ALLMAND and W. W. WzsB. 

“Potassium hexathionate.” By J. R. Partrneron and A. F. 
TIPLER. 

“* Ethylene dimercaptan and 1 : 3-dithian.” By D. T. Gipson. 

“The isomeric monohydroxyphenylalanines. Part I. A new 
synthesis of the ortho- and meta-isomerides and a comparison of 
their properties with those of tyrosine.” By W. P. DickrNson 
and P. G. MARSHALL. 

“ Nitrofurfuraldehyde.” By H. J. Stern. 

“The application of the Guareschi reaction to quinones. Part I. 
Benzoquinone.”” By R. CRAVEN. 

“The parachor and chemical constitution. Part XIII. Some 
compounds of titanium and tin.” By F. B. Garner and S$. 
SUGDEN. 

“The nitrosation of phenols. Part VI. Further study of the 
nitrosation of m-chlorophenol.” By H. H. Hopason and A. 
KERSHAW. 

** A micro-method for determining semicarbazones and its application 
to the analysis of ketones.”” By R. P. Hosson. 

** Note on the bromination of coumarin.” By D. M. Wrxrams. 

“The adsorption of fumaric and maleic acids by pure charcoals.” 
By H. J. PHELps. 

“The formation and stability of the 2-thio-1 : 2-dihydrobenziso- 
thiazoles.” By E. W. McCretianp, L. A. Warren, and 
J. H. Jackson. 

“Acid and salt effects in catalysed reactions. Part XX. The 
ionisation of acids in salt solutions.” By H. M. Dawson and 
W. Lowson. 

“The chemistry of the caryophyllene series. Part NH. Clovene 
and isoclovene.” By G. G. HenpERson, R. O. O. McCronz, 
and J. M. RoBERTSON. 

“Investigations on the bivalency of carbon. Part II. The dis- 
placement of chlorine from desyl chloride. Benzoin diethyl- 
acetal.” By A. M. Warp. 

“Studies of valency. Part XIII. Further experiments on the 
molecular structure of the quadrivalent derivatives of tellurium.” 
By T. M. Lowry and F. L. GILBERT. 

“The chemistry of the three-carbon system. Part XXI. Some 
cycloheptane compounds.” By W. E. Huan, G. A. R. Koy, 
and T. MITCHELL. 

“ The influence of ethyl ether and of dimethylpyrone on the avail- 
ability of hydrogen chloride in alcoholic solution.” By V. E. S$. 
MitTcHELL and J. R. ParTINGToN. 
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“ 1-Methoxy-derivatives of thioxanthone.”’ By K. O. RoBErts 
and S. SMIzEs. 

“The relationships between hydrogen chloride and the chlorides 
of sulphur. Part I. Freezing points of the system hydrogen 
chloride-sulphur monochloride.” By H. Trerrey and H. 
SPONG. 

“ Note on a possible source of error in the capillary tube method 
of measuring surface tension.””’ By 8. ToLansky. 





CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, JUNE 20th, 
1929. 


ALLGOOD, CHARLES ALFRED, St. George’s Hospital, Hyde Park Corner, 
§.W.1. Chief Pharmacist to St. George’s Hospital. Member of the Pharma- 
ceutical Society of Great Britain. Teacher of Practical Pharmacy to St. 
George’s Hospital Medical School. (Signed by) Charles Alex. Hill, John W. 
Heath, Edward A. Andrews. 

Aneus, Lrestiz Hersert, The Cottage, Market Bosworth, Nuneaton. 
British. Science Master. M.Sc., Leeds, 1925. I wish to keep in touch with 
the developments of chemistry through the Society’s publications. Research 
experience in the Department of Physical Chemistry, University of Leeds. 
(Signed by) H. M. Dawson, W. Lowson, C. W. Shoppee, H. Burton. 

CHIBNALL, ALBERT CHARLES, Cedar House, Chiswick Mall, W.4. British. 
Hon. Assistant, Biochemical Dept., University Coliege, London. M.A. 
(Cantab.); Ph.D. (London). Papers dealing with the protein and fat meta- 
bolism of green leaves published in the Biochemical Journal and Journal of 
Biological Chemistry. (Signed by) C. 8. Gibson, J. C. Drummond, Paul Haas. 

CricHTron, Davip ANDREW, 51, Dalmeny Road, Tufnell Park, N. 7. 
British. Temporary Assist. Chemist, Govt. Chem. Lab., London. B.Sc. 
(2nd Class Honours Chemistry), Edinburgh University. Student at Edin- 
burgh University for four years (October 1924 to June 1928). Graduated 
June, 1928. Became Temporary Assistant Chemist, Govt. Chem. Lab., 
London, on Ist November, 1928. (Signed by) Robert Robertson, Geo. Stubbs, 
J.J. Fox. 

CROWTHER, JAMES GERALD, c/o Oxford University Press, Falcon Square, 
E.C.1. British. Publisher’s Assistant. Author of “Science for You” 
(Routledge). Scientific Correspondent to the Manchester Guardian. (Signed 
by) N. V. Sidgwick, A. Robertson, N. K. Adam. 

Davies, Hersert Tasman, “ Arcana,’ High Salvington, Worthing, 
Sussex. British. Metallurgical Chemist. Certificate Metallurgy, Melbourne 
University. Student, Berkeley University, California. Manager, Gindalbie 
Gold Mines, W. Australia. Exploring Party South Sea Islands, also in Rocky 
Mountains, Canada. Reporting and Erection of Metallurgical Plant, New 
Zealand. At present running Analytical and Research Laboratory, 34, Queen 
Street, Hammersmith, W.6. (Signed by) A. M. Low, 8. H. Jones, A. H. 
Stevens. 

Ep¢e, Knowes, Ribble Lodge, Lytham, Lancs. British. Manufactur- 
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ing Chemist (Director of Company). B.A. (Cantab.), Ist Class Applied 
Chemistry, June, 1925. Technical Director and Head of Research Dept. 
of Wm. Edge & Sons, Ltd., Manufacturing Chemists, Bolton. (Signed by) 
J. Harold Edge, G: T. Morgan, D. D. Pratt. 

Evans, Davip Lioyp Emrys, 10, Victoria Square, Aberdare. British. 
Pharmist. M.P.S. Desirous of availing himself of the use of the library. 
(Signed by) D. Hughes, J. Macvie Hill, Geo. A. Turner. 

Goopson, HowarpD Ernest, 7, Brentwood Grove, Armley, Leeds. English. 
Lecturer in Chemistry. Diplomas: Associate, Royal College of Science, 
London (A.R.C.S.). Associate, Institute of Chemistry (A.I.C.). Chief 
Lecturer since 1920 at the Technical College, Leeds, in the Department of 
Chemistry. From 1916 to 1919 engaged in analytical work in the high- 
explosives section of the Department of Chemical Inspection at Woolwich 
Arsenal. (Signed by) S. Parrish, W. P. Wynne, James C. Philip, M. A. 
Whiteley, R. Gawler. 

GrirriTus, Gwitym OwEn, 40, Rating Row, Beaumaris, Anglesey. British. 
Teacher of Chemistry. B.Sc. (Wales), Ist Class Honours, 1922. Science 
Master at the Grammar School, Beaumaris, from 1924 to date. (Signed by) 
Kennedy Orton, A. E. Bradfield, H. B. Watson, Brynmor Jones. 

Gy, (Miss) Kix Kin, 4, Fairfax Mansions, Finchley Road, Swiss Cottage, 
N.W.3. Burmese. Student Teacher. B.A. Chemistry, Burma University. 
(Signed by) L. W. Townsend, J. W. Cook, F. H. Burstall. 

Hamitton, GrorceE Monty, 9, The Green, Twickenham, Middlesex. 
British. Research Chemist. B.Sc. (London); M.Sc. (London). Research 
for M.Sc. (two years), Birkbeck College, London. Research (fourteen months) 
with Research Association of British Paint, Colour, and Varnish Manu- 
facturers (Teddington). (Signed by) J. Outram Cutter, Samuel Sugden, 
Louis Arnold Jordan. 

HENTHWAITE, JOHN STEPHEN, Canadian Celanese, Ltd., Drummondville, 
Quebec, Canada. English. Works Chemist at present in the employment 
of British Celanese, Ltd. Ex-service student at the University of Leeds. 
(Signed by) Arthur Smithells, W. Lowson, H. M. Dawson, R. B. Forster, 
A. G. Perkin. 

HETHERINGTON, JoHN ARTHUR, 57, Durham Road, Blackhill, Co. Durham. 
British. Research Scholar, Durham University (Durham Division). B.Sc., 
Durham (lst Class Hons.). Am carrying out research at Durham, and wish 
to devote myself to investigation. (Signed by) Irvine Masson, H. V. A. 
Briscoe, G. H. Christie. 

Hitt, Henry Rowtanp, 2, Beeches Walk, Carshalton, Surrey. British. 
Chemist and London Manager to The British Gas Purifying Materials Co., 
Ltd. B.A., chemistry, Oxford. For some time Assistant Works Chemist to 
Messrs. H. J. Enthoven & Co. (lead refiners). Analytical and research work 
in connection with coal-gas purification and particularly the treatment of 
English iron ore for this purpose. ‘‘ The Interaction of Diazonium Salts and 
Phenols,”” by F. D. Chattaway and H. R. Hill, J.C.S., 1922, 121, 2756. 
(Signed by) F. L. Garton, Harold Heron, F. D. Chattaway. 

Hunt, Waiter Reorarp, “ Kenilworth,” 21, Sandy Lane, South Wal- 
lington, Surrey. British. Student of Chemistry and Chemical Dealer. 
Student of chemistry as applied to laundry materials. Dyeing. (Signed by) 
8. P. Schotz, Eric C. Pickering, Charles Dorée. 

LoerrtER, GrorGe BertrHoip, “ Springside,”’ Gorey, Jersey, C.I. 
Canadian citizen, Manufacturing Chemist. M.P.S. (Gt. Britain). Object 
in desiring admission to the Chemical Society is to attend the meetings and 
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follow up the publications of the Society, and to have the use of the Library. 
(Signed by) F. W. Toms, E. J. Woodcock, G. Cofman-Nicoresti. 

McAvuLay, ALEXANDER LEICESTER, University of Tasmania, Hobart, 
Tasmania, Australia. British. Professor of Physics. M.A. (Cantab.); 
Ph.D. (Manchester); B.Sc. (Tas.); F.Inst.P. Papers on Physical Chemical 
subjects (overpotential and corrosion) (J.C.S., 1925; Proc. Roy. Soc., Feb. 
1926; Phil. Mag., June 1926; Nature, Aug. 4,.1928; J.C.S., 1929). “An 
Investigation of the Effect of Differential Aeration on Corrosion by means of 
Electrode Potential Measurements” (J.C.S., 127, 1925), McAulay and. 
Bowden. (Signed by) Ulick R. Evans, R. G. W. Norrish, Guy D. Bengough. 

PooLE, Harry Gorpon, Waite Agricultural Research Institute, Glen 
Osmond, Adelaide, South Australia. British. Assistant Chemist under 
Prof. J. A. Prescott. M.Se. (Melbourne); A.A.C.I. Two years’ research 
in organic chemistry at Melbourne University. Joint or independent author 
of papers below. At present soil research under Commonwealth Council 
for Scientific and Industrial Research. J.C.S., 1927, 1122, 2661; 1928, 
1378, 1616. (Signed by) J. A. Prescott, E. J. Hartung, A. C. D. Rivett. 

PowrEtL, ALAN RicHarpD, “‘ Red Roofs,’? Sycamore Road, Amersham, 
Bucks. British. Research Chemist. Analytical Chemist with Messrs. 
G. T. Holloway & Co., Ltd., 1913-1918; Chief Research Chemist to Messrs. 
Johnson, Matthey & Co., Ltd., 1918 to date. Publications : ‘‘ Determination. 
of Tin in Wolfram Ores,” J.S.C.I., 1918, 37, 285. Papers on the Determin- 
ation of Nickel and Cobalt [with Dr. W. R. Schoeller], Analyst, May 1916, 
June 1917, August 1919. Papers on the Analytical Chemistry of Tantalum, 
Niobium, and their Mineral Associates, J.C.S., 1921, 119, 1927; Analyst, 
1925, 50, 485; 1928, 53, 258; Z. anorg. Chem., 1926, 151, 223. (Signed by) 
Henry J. 8. Sand, E. de Barry Barnett, A. M. Ward. 

RoseErts, JonN, Arley House, Bracondale, Norwich. British. ‘‘ Almata ”’ 
(Infant Food) Factory Manager, J. & J. Colman, Ltd., Norwich. Formerly 
Research Chemist. Received training in chemistry, etc., at Bradford Grammar 
School and Bradford Technical College. Six years’ Chemist at Bradford 
Dyers Association. Studied colour chemistry at Leopold Cassella Co., 
Frankfurt-on-Main. Assistant Director (Technical) to Minister of Food. 
Ten years in the service of J. & J. Colman. (Signed by) L. J. Harris, R. A. 
Morton, F. C. Guthrie, T. P. Hilditch, V. J. Occleshaw, J. W. Corran. 

Ropryson, (Mrs.) AticeE Mary, 4, Arkleigh Mansions, Brent Street, 
Hendon, N.W. 4. British. Research Student. B.Sc., London. (Signed by) 
E. E. Turner, Florence R. Shaw, James F. Spencer, Mollie Barr. 

RUSSELL, ARCHIBALD AFFLECK WEsT, 3, Woburn Square, W.C.1. British. 
Student (Research). B.A., B.Sc., Oxford. I am at present researching 
under Dr. Sugden at Birkbeck College and should like to keep myself abreast 
with current happenings in chemistry. (Signed by) Samuel Sugden, F. E. 
King, F. J. Thorneycroft. 

RussEtL-SmirH, WiLL1AM (Heathfield, Little Heath, Potters Bar, Middle- 
sex) (Private), 1, Aubert Park, Highbury, London, N.5. British. Analytical 
Chemist. Engaged since 1907 as Analytical Chemist in Laboratory of Tesche- 
macher & Smith, 1, Aubert Park, Highbury, N.5. Partner since 1912. 
(Signed by) John Millar Thomson, Patrick H. Kirkaldy, H. Russell-Smith. 

Seru, Ratia Ram, Sheo-Asharam, Delhi, India. Indian (British subject). 
Research Student for Ph.D. degree of Leeds University, Leeds. B.Sc. (Pun- 
jab, India). Studied up to M.Sc. (Chemistry) (Punjab). Demonstrated for 
five years in Hindu College, Delhi. Lecturer for a short period in the same 
College. Chemical Adviser and Director to Rallay Colour Works, Delhi. 
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Still on staff. Formerly Manufacturing Chemist to Imperial Disinfectant 
and Chem. Works, Delhi, and The Capital Oil and Soap Works, Delhi. 
(Signed by) F. M. Rowe, R. B. Forster, R. Whytlaw Gray. 

Sueasawa, SHicEHIKO, Chemical Department, University College, Gower 
Street, W.C.1. Japanese. Assistant of The Tokyo Imperial University. 
Doctor of Pharmacy (Tokyo. Imperial University, Japan). Studies on the 
synthesis of some amino-acids. Studies on the synthesis of some indol 
derivatives, ete. Abstract of Chemical Papers, A., 1928, 874; 1929, 195-196; 
and others in Journ. Pharm. Soc. Japan, 1926-1928. (Signed by) Robert 
Robinson, William Bradley, Shinzo Murakami. 

Tayitor, Harotp, 161, St. James’s Road, Blackburn, Lanes. British. 
Chief Chemist, County Borough of Blackburn Gas Dept. Educated: Cock- 
burn High School; Holborn Hall College; Leeds University. Experience : 
Messrs. Brotherton & Co., Ltd., Messrs Chance & Hunt, Ltd., Messrs. British 
Dyestuffs Corporation, Ltd., Messrs. City of Birmingham -Gas Dept., and 
County Borough of Blackburn Gas Dept. (Signed by) J. B. Cohen, W. Low- 
son, Edward Halliwell. 

THORNTON,. W1t11AM, 11, John Street, Maidstone, Kent. British. School 
Teacher. M.Sc., 1927; B.Sc. (1st Class Honours in Chemistry), 1926 (Shef- 
field University). Chemistry Master at Asheton Schools, Tenterden, Kent. 
Anxious to keep in touch with modern developments in chemistry. (Signed 
by) W. P. Wynne, F. G. Tryhorn, G. M. Bennett, Thos. B. Smith, E. G. 
Turner, W. F. Wyatt. 

Trier, Lestre WattTer, 39, Waimea Road, Nelson, New Zealand. 
British. Orchard Chemist to The Cawthron Institute, Nelson, N.Z. 
B.Sce., N.Z. (Vietoria University College). Author of ‘‘ Cold Storage Investig- 
ations, Season 1926’’ (Cawthron Institute Bull. No. 6, New Series). Co- 
author of following Cawthron Institute Bulletins : “ Flesh Collapse in Apples, 
Season 1923,” “‘ Flesh Collapse in Apples, Season 1924,” ‘“‘ Cold Storage 
Investigations, Season 1925 ’’ (Bull. No. 1, New Series), ‘‘ A Report on Certain 
Diseases of the Apple in the Nelson District, Season 1925-26 ”’ (Bull. No. 4, 
New Series); also of “‘ Soil Problems of the Montere Hills’ (Rep. Australas. 
Assoc. Advan. Sci., Vol. 16, 1923, p. 809). (Signed by) Thomas H. Easter- 
field, P. W. Robertson, H. O. Askew. 

VAIDYA, JUGATRAM SHANKERPRASAD, Zandu Pharmaceutical Works, Ltd., 
Sayani Road, Dadar, Bombay, 14. Hindu (British subject). Manufacturing 
Chemist; Director, Zandu Pharmaceutical Works, Ltd., Bombay, 14. 
Diploma as Pharmaceutical Chemist from The Laxman Meram Chemical 
Laboratory, Rajkot (this institution is now abolished by the Government, 
but I possess the Diploma). I started the Zandu Pharmaceutical Works in 
1910 and have worked as a manufacturing chemist ever since. I am con- 
ducting a Technical Research Laboratory connected with my works and 
have had practical experience in manufacturing chemistry for the last eighteen 
years. (Signed by) V. K. Bhagwat, K. M. Sheth, Kapilram H. Vakil. 

WALMSLEY, HARoLp, 11, St. Stephen’s Road, Lewisham, 8.E.13. English. 
Chemist-Optician. M.P.S.(Lond.); M.I.C.O. (Lond.). (Signed by) W. Chas. 
Sayers, John J. Laws, Percy Barrs. : 

Waricut, Hersert Lawron, 117, Queen’s Road, Bury St. Edmund’s, 
Suffolk. British. Works Chemist (Beet Sugar Factory). Diploma in 
Chemistry (Woolwich Polytechnic). Present position as above stated. 
Previous experience (chiefly analytical) in the following industries: (1) Oils 
and Lubricants, (2) Coal Tar distillation, (3) Dyestuffs, (4) Sugar refining. 
(Signed by) P. M. Mooney, H. E. C. Powers, L. J. de Whalley. 
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The following certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


KRISHNAMURTHY, PANCHAPAGESA, 210, Bowbazar Street, Calcutta, India. 
Hindu. Research Associate, Indian Association for the Cultivation of 
Science, Calcutta. M.A. (Madras). Previously worked as a Research 
Scholar of the University of Madras, and also as a Chemical Assistant in the 
Governmental Test House, Alipore. ‘“‘The Union of Benzoylacetonitrile 
with Organic Bases in the Presence of Salicylaldehyde,’’ Parts I and II, 
J.C.S., 1927, 1349; 1928, 415. (Signed by) B. Sanjiva Rao, P. C. Guha. 

MEYER, ANDRE, 3, Rue Docteur-Maret, Dijon (Céte d’Or), France.’ 
Frangaise. Directeur, Laboratoire de Chimie Appliquée de la Faculté des 
Sciences, Université de Dijon. Docteur és Sciences; Professeur & la faculté 
des Sciences, Dijon. Ancien Chef de Laboratoire aux Etablissements Kuhl- 
mann. (Signed by) Jocelyn Thorpe. 

O’CALLAGHAN, MicHAaEL ANGELO, Florida 734, Buenos Aires, Argentine 
Republic. Irish born. Resident in Sydney from 1897-1925 as Dairy Com- 
missioner for the Government of New South Wales, and afterwards as Chief 
Dairy Commissioner for the Australian Commonwealth Government. (Signed 
by) Walter Thorp, Daniel J. O’ Mahony. 

PascHALL, BENJAMIN StuART. Business address: 1015, American Bank 
Building, Seattle, Washington, U.S.A.; Residence: 1222, Summit Avenue, 
American, born Doylestown, Penna., U.S.A., 1879. Physician and Chemist. 
M.D., University of Pennsylvania, Philadelphia, Penna, 1903. Have done 
biochemical research since 1905 and run a commercial laboratory. Member 
of American Chemical Society, Society of Chemical Industry, Fellow of 
American Medical Association, etc. (Signed by) J. P. Longstaff. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 


HorMann, Karu. Die radioaktiven Stoffe nach dem neuesten 
Stande der wissenschaftlichen Erkenntnis. Leipzig 1904. pp. 76. 
(Recd. 7/5/29.) From Mr. W. W. Starling. 

INTERNATIONAL CONGRESS OF PHoToGRAPHY, VII, London, 
July 9—14, 1928. Proceedings. London 1929. pp. xiv + 571. 
ill. (Reference.) 25s. net. From the Editors. 

Mrrcuey, H. H., and Hammrton, T.S. The biochemistry of the 
amino acids. (American Chemical Society Monograph Series.) 
New York 1929. pp. 619. ill. $950 net. (Recd. 3/5/29.) 

From the Publishers: The Chemical Catalog Company, Inc. 

Scuusert, Max. Die Cellulosefabrikation (Zellstofffabrikation). 
4th edition. By Ernst Atrmann. Berlin 1924. pp. xii + 279. 
ill. (Reed. 11/5/29.) From Dr. R. E. W. Maddison. 

TEEPE, Joun E., and associates of the AMERICAN PoTASH AND 
CuemIcaL CoRPORATION. The industrial development of Searles 
Lake brines, with equilibrium data. (American Chemical Society 
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Monograph Series.) New York 1929. pp. 182. — ill. $3 net. 
(Recd. 3/5/29.) 
From the Publishers: The Chemical Catalog Company, Inc. 


IL. By Purchase. 

DEvuTSCHE CHEMISCHE GESELLSCHAFT. System der organischen 
Verbindungen. Ein Leitfaden fiir die Benutzung von Beilsteins 
Handbuch der organischen Chemie. By BERNHARD PRaGER, 
Dora Stern, and Konrap Inpere. Berlin 1929. pp. 246. (Two 
copies.) M.24. (Recd. 19/4/29.) 

Fow.er, R. H. Statistical mechanics: the theory of the pro- 
perties of matter in equilibrium. Cambridge 1929. pp. viii + 570. 
ili. 35s. net. (Recd. 16/5/29.) 

KENDALL, Epwarp C. Thyroxine. (American Chemical Society 
Monograph Series.) New York 1929. pp. 265. ill. 23s. net. 
(Recd. 16/5/29.) 

Rawtitns, F. I. G., and Taytor, A. M. Infra-red analysis of 
molecular structure. Cambridge 1929. pp. xvi+ 176. __ ill. 
10s. 6d. net. (Reed. 16/5/29.) 

ScHEIBER, JOHANNES, and Sanpic, Kirt. Die kiinstlichen 
Harze. (Chemie in Einzeldarstellungen, Vol. XIV.) Stuttgart 
1929. pp. xv + 376. ill. M.28. (Recd. 7/5/29.) 

SUTERMEISTER, Epwin. Chemistry of pulp and paper-making. 
2nd edition. New York 1929. pp. x + 565. ill. 32s. 6d. net. 
(Recd. 16/5/29.) 

Wa.pscumipt-LzeItz, Ernst. Enzyme actions and properties. 
Translated and extended by Ropert P. Watton. New York 1929. 
pp. xviii + 255. 20s. net. (Recd. 16/5/29.) 


Ill. Pamphlets. 

AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Bulletin No. 41. Studies concerning the 
so-called bitter pit of apples in Australia, with special reference to 
the variety ‘‘ Cleopatra.” By W. M. Carng, H. A. Prrrman, and 
H. G. Exxztor. Melbourne 1929. pp. 101. ill. 

BLooMFIELD, J. J., and Ispett,H.S. The problem of automobile 
exhaust gas in streets and repair shops of large cities. (From the 
U.S. Public Health Reports, 1928, 43.) 

GOLDBERGER, JOSEPH [and others]. A further study of experi- 
mental blacktongue with special reference to the blacktongue 
preventive in yeast. (From the U.S. Public Health Reports, 1928, 43.) 

Karavasyv, N. L., and Parkin, A. P. Das Trocknen der Zucker- 
riibe und Estrahieren des Zuckers aus derselben mittelst, Diffusion. 
(From Acta Univ. Asie Med., Ser. vi, No.3.) [In Russian. German 


summary. | 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Extra Meeting at the Institution of Mechanical Engineers, on 
Thursday, May 30th, 1929, at 5.30 p.m., the President, Professor 
J. F. Toorpsz, C.B.E., D.Sc., F.R.S., in the Chair. 


The PRESIDENT stated that the Council had been fortunate in 
securing Professor W. H. Perkin to deliver the first of the lectures 
founded in honour of the late Sir Alexander Pedler, C.I.E., F.RB.S., 
a generous benefactor to the Society. He then called upon Pro- 
fessor Perkin to deliver his lecture entitled : ‘‘ The Early History of 
the Synthesis of Closed Carbon Chains.” 

At the conclusion of the lecture a vote of thanks to Professor 
Perkin was moved from the Chair, seconded by Professor R. 
Robinson, and carried unanimously, Professor Perkin making 
acknowledgment. 





Ordinary Scientific Meeting, Thursday, June 6th, 1929, at 8 p.m., 
the President, Professor J. F. Toorpr, C.B.E., D.Sc., F.R.S., in 
the Chair. 

The PRrEsmpENtT referred to the loss sustained by the Society, 
through death, of the following Fellows :— 

Elected. Died. 
H. H. Maharaj Rana Sir Bhawani Singh 

Bahadur of Jhalawar Feb. 15th, 1917. April 13th. 
Walter Leach Dec. 16th, 1886. April 12th. 
Henry Harcourt Phillips Feb. 16th, 1882. May 19th. 


It was announced that the following Committees for 1929—1930 
had been appointed by the Council :— 


Finance Committee : J. L. Baker, F. P. Dunn, C. A. Hill, E. 8. Mond, 
J. C. Philip, R. H. Pickard, W. P. Wynne, and the Officers 
(Treasurer as Chairman), with the Assistant Secretary as 
Secretary. 

House Committee : J. L. Baker, Sir Herbert Jackson, Sir William J. 
Pope, Sir Robert Robertson, Alexander Scott, J. M. Thomson, 
and the Officers, with the Assistant Secretary as Secretary. 
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Library Committee: J. J. Fox, T. A. Henry, J. R. Partington 
(Chairman), 8. W. Smith, J. F. Spencer, 8. Sugden, and the 
Officers, together with representatives of contributing Societies, 
with the Librarian as Secretary. 

Publication Committee : M. P. Applebey, H. Bassett, G. M. Bennett, 
H. V. A. Briscoe, J. J. Fox, R. Whytlaw Gray, A. J. Green- 
away, T. A. Henry, C. N. Hinshelwood, J. T. Hewitt, C. K. 
Ingold, J. Kenyon, H. King, K. J. P. Orton, J. C. Philip, F. L. 
Pyman, E. K. Rideal, R. Robinson, N. V. Sidgwick (Chairman), 
J. L. Simonsen, 8. Smiles, 8. Sugden, and the Officers, with the 
Editor as Secretary. 

Research Fund Committee: A. J. Allmand, F. E. Francis, W. N. 
Haworth, G. G. Henderson, C. K. Ingold, A. Lapworth, W. H. 
Mills, K. J. P. Orton, Sir Robert Robertson, N. V. Sidgwick, 
and the Officers, with the Assistant Secretary as Secretary. 


The following were formally admitted Fellows of the Chemical 
Society : Rupert Woolby Brooke, Tom Heap, and William Bradley. 
Certificates were read for the first time in favour of : 


Wilfrid Herbert Cliffe, 1, Main Avenue, Levenshulme, Manchester. 

Oscar Vincent Hellestrand, 133, St. George’s Road, Bexley, New South Wales. 

Eric Frank Hersant, 1, Prince of Wales Crescent, Chalk Farm, N.W. 1. 

Robert Ewen Jeffery, 9, Greycliffe Avenue, Vaucluse, New South Wales. 

Ramanlal Chhaganlal Shah, B.A., M.Se., 21, Cromwell Road, South Kensing- 
ton, S.W. 7. 

Alfred Pattinson Telford, 140, Harrowby Street, Liverpool. 

Albert Reuben Tremain, B.Sc., c/o Australian Institute of Tropical Medicine, 
Townsville, North Queensland. 

Frederick Thomas Trustrum, 36, Fordwych Road, N.W. 2. 


The following papers were read :— 


“‘ The production of kojic acid from pentoses by Aspergillus Oryza.” 
By F. CHALLENGER, L. KLEtn, and T. K. WALKER. 

“The properties of the chlorides of sulphur. Part II. Molecular 
extinction-coefficients.”” By T. M. Lowry and G. JEssop. 
“The isomerism of derivatives of 2-phenylnaphthylene-1 : 3-di- 

amine.’ By M.S. Lzssiim and E. E. Turner. 

“Studies of valency. Part XIII. Further experiments on the 
molecular structure of the quadrivalent derivatives of 
tellurium.” By T. M. Lowry and F. L. Giuperr. 

“‘ Synthetical experiments in the iso-flavone group. Part V. A 
new general method applicable to the synthesis of derivatives 
of 7-hydroxyisoflavone.”” By W. Baker, A. PoLiarp, and 
R. Roprnson. 
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Ordinary Scientific Meeting, Thursday, June 20th, 1929, at 8 p.m., 
the President, Professor J. F. Toorrg, C.B.E., D.Sc., F.R.S., in the 
Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of Professor Charles Moureu, who was elected an 
Honorary Fellow on March Ist, 1923, and stated that the following 
resolution had been passed by the Council at its meeting held that 
afternoon :— 


The President, Officers, and Council of the Chemical Society 
learned with profound regret at their meeting on June 20th, 
1929, of the death of their distinguished Honorary Fellow, 
Professor Charles Moureu, and desire to record their high 
appreciation of the eminent services rendered by Professor 
Moureu to the Science of Chemistry. They offer to Madame 
Moureu and to the Société Chimique de France their sincere 
sympathy in the irreparable loss they have sustained. 


It was announced that 

1. The following had been proposed by the Council as Honorary 
Fellows of the Society, and that a ballot for their election would 
be held at the first Ordinary Scientific Meeting next Session, 
October 17th : 


Professor M. Bodenstein, Professor N. Bohr, Sir William H. 
Bragg, Professor P. Debye, Professor A. Hantzsch, Doctor 
I. Langmuir, Professor W. Nernst, Professor W. Ostwald, Sir 
Ernest Rutherford, Professor O. Wallach, and Professor H. 
Wieland. 

2. The following letter had been received from Professor Joji 
Sakurai, to whom the Council had conveyed its congratulations and 
its appreciative thanks. 

3 Akebono-cho, Hongo, Tokyo. 
May Ist, 1929. 
THE SECRETARY, 
THE CHEMICAL SOCIETY, 
LonpDon. 
Dear Sir, 

In the course of the present year I shall complete my fifty years 
of Fellowship of the Chemical Society, and I desire to mark the occasion 
by contributing a small sum of ten guineas to the fund of the Society. 
The sum is shamefully small compared with the great benefit I have 
derived from being a Life Member for half a century, but it is what my 
means allow and not what my heart desires. If the Society will accept 
the enclosed cheque and use the money for any purpose it may consider 


appropriate I shall be happy. 
Yours faithfully, 


(Signed) Jost SAKURAI. 





- 3. The following Address of Congratulation had been sealed in 
Council that afternoon and would be presented on behalf of the 
Society by Principal H. R. Raikes to the University of Cape Town 
on the occasion of the centenary celebrations of the South African 
College to be held at Cape Town from October Ist to 5th, 1929. 


The Chemical Society 
to 
The Chancellor, Vice-Chancellor, Council, and Senate of the 
University of Cape Town. 

The President, Council, and Fellows of the Chemical Society 
send hearty greetings to the Chancellor, Vice-Chancellor, 
Council and Senate of the University of Cape Town on the 
occasion of its Celebration of the Centenary of the South 
African College. 

Founded in 1829 as a private institution by a Committee 
which “was formed to frame a plan for providing better 
means of education than the Government Schools at that time 
afforded,” the South African College was the first institution of 
its kind to be established in South Africa, and the pioneer 
work of the College during the first century of its existence will 
ever be regarded as having laid the sure foundation on which 
Higher Education in South Africa has been built.. The task 
accomplished by the South African College was fittingly 
recognised by its incorporation in 1918 as the University of 
Cape Town. 

The Chemical Society welcomes this opportunity of recording 
its appreciation of the great services rendered by the College 
to South Africa, and in conveying its congratulations expresses 
the hope that the University of Cape Town may contribute in 
ever-increasing measure to the progress of education. 

Signed on behalf of the Chemical Society. 


JOCELYN THORPE, President. 


(s) T. StaterR Price, Treasurer. 
C. S. Grson, P 
(8) T. S. Moors, } havent 


F. G. Donnan, Foreign Secretary. 


CS £6 et. Oe) Oe BE et, 


Sealed this Twentieth Day of June, One Thousand Nine 
Hundred and Twenty-Nine. 


4. A communication had been received from the Committee of 
the Van. ’t Hoff Fund for the endowment of research in pure and 
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applied chemistry. The amount from this fund available for dis- 
tribution during 1930 is about 1200 Dutch guilders. 

A Committee consisting of Professor A. F. Holleman (President), 
Professor F. M. Jaeger, Professor A. Smits, and Professor J. P. 
Wibaut (Secretary) has been appointed to award Grants. Applica- 
tions should be sent before November Ist, 1929, by registered post 
to: “‘ Het Bestuur der Koninklyke Akademie van Wetenschappen, 
bestemd voor de Commissie van het ’van *t Hoff-funds,” Trippenhuis, 
Klovenierburgwal, Amsterdam.” Every applicant is requested to 
submit a detailed account of the manner in which he proposes to 
expend the grant and to state the reasons for which he makes his 
application. Papers embodying the results of the research may be 
published in any journal, but acknowledgment must be made of 
the source of the grant. Copies of papers containing the results 
of the research must be forwarded to the Committee. 

5. The attention of the Council had been directed by the Federal 
Council to the appointment of a Committee by the Board of Trade 
to consider 


“whether any, and if so what, amendments in the Patents 
and Designs Acts, or changes in the practice of the Patent 
Office are desirable,” 


with the view to the preparation of a joint memorandum representing 
the considered views of chemists. 

A Committee appointed by the Association of British Chemical 
Manufacturers some six months ago to consider this question would 
act on behalf of the Federal Council, and the Council of the 
Chemical Society had appointed Professor W. A. Bone as its 
representative on this Committee. On the completion of its work, 
this Committee would submit a memorandum to the Federal Council 
for its consideration and this memorandum, if approved, would then 
be forwarded as the considered opinion of chemists to the Board of 
Trade. L 

Fellows are invited to send to the Assistant Secretary of the 
Chemical Society expressions of opinion and suggestions which 
will be communicated by Professor Bone to this Committee. 

The Association of British Chemical Manufacturers desires to be 
in a position to submit its memorandum to the Board of Trade 
before the holidays, and expressions of opinions and suggestions from 
Fellows should be submitted as soon as possible. 

6. The Council had received from the Comité International de la 
Croix Rouge (1, Promenade du Pin, Geneva, Switzerland) the 
following particulars of an international competition for the discovery 
of a detective reagent of yperite (mustard gas) : 
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1. TecHNicaL ConpliTIons. 


Detection of the yperite. The reagent must permit the detection of 
yperite in the air without the least ambiguity. The proposed 
reaction for the detection of the presence of yperite must be 
characteristic for that gas, and the author must specify whether 
the said reaction is influenced by another chemical substance mixed 
with yperite in war materials. 

Characteristics of the reagent. The reagent and the proposed 
apparatus must be easy to construct and capable of being produced 
at a reasonable cost and in large quantities. Accurate indications 
should be given as to how and also as to how long they can be 
preserved. 

Sensibility of the reagent. The sensibility of the reagent will be 
one of the essential points of the competition. The reagent must 
reveal a concentration-limit of 0-07 mgr. a litre of yperite in the air. 


3. REGULATIONS OF THE COMPETITION. 


A sum of 10,000 Swiss francs, granted by the International 
Committee of the Red Cross, shall be attributed by a jury to one or 
several of the competitors, according to the value of the works 
submitted. 

The competition opens on July Ist, 1929, and closes on December 
31st, 1930. 

Chemists desirous of competing should, before December 31st, 
1930, send their proposals to the Secretary of the International 
Committee of the Red Cross, in Geneva, in the following manner. 
The despatch should contain : 


(a) Their names and addresses in a sealed envelope. On 
this envelope must be written a motto and a declaration, on 
their word of honour, that the reagent is the 105 08% of the 
author’s own researches. 

(b) A second envelope sealed, bearing the same motto and 
containing the detailed proposals. The official languages are 
French, English, German and Italian. On January 31st, 1931, 
the International Committee of the Red Cross will open the 
envelopes containing the pr@posals and have these proposals 
translated into French. The proposals will be known only by 
the motto, and not by the authors’ names. When the jury 
meets, both the original texts and the translations are to be 
submitted to it for examination without its knowing the 
authors’ names. At the end of the competition, after the 
proposals have been classed, the envelopes containing the 
authors’ names will be opened and the result of the competition 
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proclaimed. The reagent or the dispositive adopted shall be 
called by its authors’ name and become the property of the 


International Red Cross. 


Certificates were read for the first time in favour of :— 


Duncan Hunter, 110, Harlaxton Drive, Nottingham. 
Frederick Charles Thompson, M.Sc., 16, Springfield Mount, Leeds. 


The following certificate has been authorised by the Council for 
presentation to ballot under Bye-Law I (2) : 


Thomas Alexander Grant, 63, East Street, Kingston, Jamaica. 
Messrs. H. Paget and R. H. Purcell were elected Scrutators, and 


a ballot for the election of Fellows was held. The following were 
subsequently declared elected as Fellows: 


Charles Alfred Allgood. 

Leslie Herbert Angus, M.Sc. 

Albert Charles Chibnall, M.A., Ph.D. 

David Andrew Crighton, B.Sc. 

James Gerald Crowther. 

Herbert Tasman Davies. 

Knowles Edge, B.A. 

David Lloyd Emrys Evans. 

Howard Ernest Goodson, A.R.C.S., 

A.I.C. 

Gwilym Owen Griffiths, B.Sc. 

Kin Kin Gyi, B.A. 

George Monty Hamilton, M.Sc. 

John Stephen Henthwaite. 

John Arthur Hetherington, B.Sc. 

Henry Rowland Hill, B.A. 

Walter Reginald Hunt. 

Panchapagesa Krishnamurthy, M.A. 

George Berthold Loeffler. 

Alexander Leicester McAulay, M.A., 
B.Se., Ph.D. 


The following papers were read : 


André Meyer, D.-és.-Se. 

Michael Angelo O’Callaghan. 

Benjamin Stuart Paschall, M.D. 

Harry Gordon Poole, M.Sc. 

Alan Richard Powell. 

John Roberts. 

Alice Mary Robinson, B.Sc. 

Archibald Affleck West Russell, B.A., 
B.Sc. 

William Russell-Smith. 

Ralla Ram Seth, B.Sc. 

Shigehiko Sugasawa. 

Harold Taylor. 

William Thornton, M.Sc. 

Leslie Walter Tiller, B.Sc. 

Jugatram Shankerprasad Vaidya. 

Harold Walmsley. 

Herbert Lawton Wright. 


“ Manipulation in intensive drying.” By H. B. Baker. 


“Notes on intensive drying of gaseous media.” 


By W. A. Bonz. 


“The light emission from the phosphorescent flames of ether, 


acetaldehyde, propaldehyde, 


EMELEUS. 


and n-hexane.” 


By H. J. 


“The relative configurations of d-8-octanol and its dextrorotatory 


halides. 
by a new method.” 


PHILLIPS. 


“ Amylases of the cereal grains. 


H. F. E. Huron. 


The interconversion of the optically active 8-octanols 
By A. J. H. Houssa, J. Kenyon, and H. 


Oats.” By J. L. Baker and 
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The Council has made the following Grants from the Research 
Fund : 


£ 

Optically active hydrocarbons. C. Buchanan. (Glasgow Univ.) 10 

The reduction of nitric oxide gas. A.J. Butterworth. (E. Lond. 
Coll.) one 10 

The constitution of the sna belie ‘acile apd their Se oksbaiane. 
D. A. Campbell. (Nottingham Univ. Coll.) sie see 10 

The behaviour of boron in union with organic radicals. F. 
Challenger. (Manchester Univ.) ~ = -" alae 6 

Organic acids by fermentation processes. F. ees (Man- 
chester Univ.)  .«.. éde .- 10 

Isomeric change of aromatic ‘compounds (cond). i. W. Chap- 
man. (Sheffield Univ.) 10 

Determination of the structure of certain sesquiterpene deriv. 
atives by synthesis. G. R. Clemo. (Armstrong Coll.) ... 10 

The chemistry of aconitic acid. R.D. Desai. (Imperial Coll.) 12 

The studies on colour and fluorescence of the pyronine dyestuffs. 
A.N. Dey. (Imperial Coll.) ... eee 

The formation and stability of B- lactonas.. A. Kandiah. (Im- 
perial Coll.) noe eae 

The constitution of the glucoside hesperidin. F. E. Bing. (E. 
Lond. Coll.) sp os 

Tautomerism of diamines. M. 8. Leaslio (Miss). "(Bedford Coll.) 

Three-carbon tautomerism. E.Leton. (Imperial Coll.) 

The investigation of centro-asymmetric systems. P. Maitland. 
(Cambridge Univ.) he oe vai ai ae és 

The constitution of sparteine. R. Raper. (Armstrong Coll.) ... 

The electrical conductivities of the copper salts of a series: of 
substituted malonic acids. H. L. Riley. (Imperial Coll.) 

Additive properties of certain conjugated Raia tar a W. D. 
Scott. (Imperial Coll.) .. $e 

Isomerism of diphenyl compounds. F. R. Shew (Miss). Bed- 
ford Coll.) 

Configuration of the hexahydroterephthalis acids. “R. v. ‘Thomas 
(Cambridge Univ.) os 

Syntheses of cyclic compounds (contd. ). 3 I. Vogel. (Tmnperiel 
Coll.) — 

The relation between chemical constitution ond entiseptic ection 
in derivatives of 1: 3-diketohydrindene. T. K. Walker. 
(Manchester Tech. Coll.) esa ee 

Studies of acids and bases in non-aqueous ‘selventa. Ww. F. K. 
Wynne-Jones. (Reading Univ.) bi a a oad 





THE LIBRARY. 


The Library will be closed for Stocktaking from Monday, August 
5th, until Saturday, August 17th (inclusive). During the following 
four weeks (August 19th to September 14th), the Library will close 
daily at 5 p.m. 
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LIST OF FELLOWS FOR 1929. 


It has been decided to publish the List of Fellows for 1929, and 
to supply it to those Fellows who make application before August 
3lst, 1929. In order that the new List may be as complete as 
possible, Fellows are asked to notify the Assistant Secretary of 
any change of address or other alteration before the end of July. 





HARRISON MEMORIAL PRIZE. 


The Prize, of the value of about £150, is to be awarded to the 
chemist of either sex, being a natural born British subject and not 
at the time over thirty years of age, who, in the opinion of the 
Selection Committee, during the previous five years has conducted 
the most meritorious and promising original investigations in any 
branch of pure or applied chemistry and published the results of 
those investigations in a scientific periodical or periodicals. 

Provided that, in the opinion of the Selection Committee, there is 
a candidate of sufficient distinction to warrant an award of the Prize, 
the next award is to be made in December, 1929. 

Applications, five copies of which must be submitted, should 
contain the following information : 


(a) Name (in full). 

(6) Age (birth certificate to accompany application). 

(c) Degrees (name of University where obtained). 

(d) Other qualifications. 

(e) Experience. 

(f) Titles of published papers, with authors’ names, including full 
references to publication. 

(9) Where research was carried out. 

(h) Testimonials or references. 

(t) Any other information bearing on the application. 


The Selection Committee is prepared to receive applications, 
nominations, or information as to candidates eligible for the Prize. 
Any such communication must be received by the President, The 
Chemical Society, Burlington House, Piccadilly, London, W. 1, not 
later than Monday, December 2nd, 1929. 
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List of Papers, or Abstracts thereof, received between May 16th 
and June 20th, 1929. (This List does not include the titles of papers 
which have been read at an Ordinary Scientific Meeting, or whieh 
have appeared in the Journal.) 


“The Reimer-Tiemann reaction with m-fluorophenol and _ the 
nitration of 4-fluoro-2-hydroxy- and 2-fluoro-4-hydroxy-benz- 
aldehydes.”” By H. H. Hopason and J. Nrxon. 

“On the connexion between absorbed energy and velocity in 
photochemical reactions of the I1°> type.” By A. J. ALLManp. 

“ The interaction of sodamide and alkyl iodides with acetophenone 
and its homologues.””’ By A. RUSSELL. 

“The effect of the cohesion of the medium on reaction velocity. 
The velocity of interaction of N-chloroacetanilide and hydro- 
bromic acid in aqueous media.”” By M. Ricwarpson and 
F. G. Sopmr. 

“ The reactions taking place in a mixture of ether, acetyl bromide, 
and naphthol.” By H. L. Basserr and K. F. Taytor. 

“The interaction of carbon tetrabromide with sulphur and 
selenium.” By H. V. A. Briscoz, J. B. Prex, and J. R. 
ROWLANDS. 

“The heat of formation of sodium sesquicarbonate in solution at 
30°C.” By J. C. Swatiow. 

“ Equilibrium between alcohols and salts. Part III.” By G. C. 
Gipson, J. O. Driscoiy, and W. J. JongEs. 

“ Substitution in resorcinol derivatives. Part Il. Bromo-deriv- 
atives of @-resorcylaldehyde and their orientation.”” By (the 
late) M. G. S. Rao, C. Srrkantta, and M. §. Ivenear. 

“ Synthetical experiments on the aporphine alkaloids. Part VI. 
isoThebaine. Attempted syntheses of 3: 4: 5-trimethoxy- 
aporphine.” By R. K. Cattow, J. M. GuLuanp, and R. D. 
HAWORTH. 

“Germanium. Part IV. The solubility of germanium dioxide in 
acids and alkalis.” By W. Puau. 

“Germanium. Part V. The hydrolysis of sodium germanate and 
the dissociation constants of germanic acid.”” By W. Puau. 

“The isomeric trithioacetaldehydes.” By E. V. Bri, G. M. 
BENNETT, and F. G. Mann. 

“Studies in keto-lactol tautomerism. Part III. Influence of 
bulky substituents on the tautomerism of «-carboxy-y-acetyl- 
68-methylethylbutyric acid and _ «a-carboxy-y-acetyl-f6-di- 
ethylbutyric acid.” By M. QupRat-1-Kuupa. 

“Studies in keto-lactol tautomerism. Part IV. Chemistry 
of 1:1 : 2-trimethyl-5-acetylcyclopentane-2-carboxylic acid. 
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Some observations on the constitution of the acid esters of 
camphoric acid and a synthesis of homoepicamphor.” By 
M. QupRatT-I-KHUDA. 

- “The rotatory dispersion of organic compounds. Part XVIII. 
Potassium borotartrate.” By T. M. Lowry. 

“The formation of thionaphthindole.” By E. W. McCLEeLLanp. 

“The reaction between magnesium phenyl bromide and phenyl 
glycide ether.” By D. R. Boyp and G. J. C. VINEALL. 

“ Dyes derived from cinchomeronic acid.”” By J. D. Tewari. 

“Viscosity and constitution.” By J. D. A. Jonnson. 

“The electrokinetic potential and its relation to the rate of 
coagulation of colloids. Part I.” By B. N. GHosa. 

“ Action of alkali on stannic oxide sol. Part I.” By B..N. GHosa. 

“ Action of alkali on stannic oxide sol. Part II.” By B. N. GHoss. 

“The constitution of linolic acid.”” By R. D. Haworru. 

“ Electrometric titration curves of dibasic acids. Part III. Sub- 
stituted malonic acids.” By R. Ganz and C. K. INGoLp. 

“2: 4-Dinitrobenzaldehyde as a reagent.” By G. M. Bennett and 
W. L. C. Pratt. 

“10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part X. 
The 1- and/or 3-methyl derivatives. The condensation of 
arsenious chloride and phenyl-m-tolylamine.” By C. S%. 
Grsson and J. D. A. JoHNSON. 

“The slow oxidation of phosphorus. Part I. The inhibition of the 
glow of phosphorus by phosphorus trioxide.” By C. C. 
MILLER. 

“The slow oxidation of phosphorus. Part II. The oxidation 
products of phosphorus and phosphorus trioxide.” By C. C. 
MILLER. 

“The rates of saponification of various commercial oils, fats and 
waxes and pure triglycerides by aqueous alkali.” By J. W. 
McBarn, C. W. Humpureys, and Y. KAWAKAMI. 

“The equilibrium CO,+C == 2CO, and the structure of carbon.” 
By F. J. Dent and J. W. Coss. 

“ Substances of the phenarsazine type containing the acenaphthene 
nucleus.” By C. 8. Grsson and J. D. A. Jonnson. 

“Hydrolysis and decomposition of menthyl methyl xanthogenate 
and of boronyl methyl xanthogenate.” By I. M. McALPINE. 

“ The action of phosphoric oxide on 6-anilidobutyracetal.” By F. A. 
Mason. 

“The action of phosphorus pentachloride on ethyl tartrate.” By 
T. 8. Patterson and A. R. Topp. 

“Some substances derived from the anhydrocatechin tetramethyl 
ethers.” By W. Baker. 
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“The constitution of carthamin. Part I.” By C. Kuropa. 
“ Thelupin alkaloids. Part II.” By G. R. Cuemo and R. Raper. 
“Glucosides. Part II. The preparation of «-glucosides from 


8-glucosyl chlorides.”” By W. J. HickinBorTom. 

“Note on the phosphorescent flame of arsenic.” By H. J. 
EmeE.Lévs. 

“Comparison of directive powers of elements having consecutive 
atomic numbers in aromatic substitutions. Part I. Orienting 
influence of oxonium oxygen.” By R. J. W. Le Fivre. 

“The synthesis of meso-alkyl and meso-aryl derivatives of 
anthracene. Part VI.” By E. pe B. Barnett and N. F. 
Goopway. 





ADDITIONS TO THE LIBRARY 


I. Donations. 

ABDERHALDEN, Emi. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden, Teil 2, II 
Halfte, Heft iv. Berlin 1929. pp. 2149 to 2307. 

From the Publishers : Herren Urban & Schwarzenberg. 

InstiTuT INTERNATIONAL DE CHIMIE SoLvay. ‘Troisiéme Conseil 
de Chimie tenu a Bruxelles du 12 au 18 Avril 1928. Rapports et 
discussions sur des questions d’actualité. Paris 1928. pp. xvi + 
562. (Reference.) 70 fr. From Sir William Pope. 

Institut INTERNATIONAL DE PuysiquE Sotvay. Cinquiéme 
Conseil de Physique tenu a Bruxelles du 24 au 29 Octobre 1927. 
Electrons et photons. Paris 1928. pp. viii+ 291. ill. 
(Reference.) 60 fr. From Sir William Pope. 

NATIONAL BENZOLE AssocIATION and UNIVERSITY oF LEEDs. 
Joint Benzole Research Commitiee._ Sixth report. London 1929. 
pp. iv+ 212. ill. (Reference.) From the Association. 

Paris, ALBERT HeNDRIK. Verdringing van de aldehyd-groep 
in piperonal en derivaten. Leiden [1929]. pp. xii + 200. (Recd. 
23/5/29.) From the Author. 

Stieeuitz, Junius. [Editor.] Chemistry in medicine: a co- 
operative treatise intended to give examples of progress made in 
medicine with the aid of chemistry. New York 1928. pp. xxii + 
757. ill, $2net. (Recd. 6/6/29.) From Dr. T. A. Henry. 

Toms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V. Part iv. Berlin 1929. 
pp. 753 to 980. ill. M. 10. 

From the Publishers : Herren Urban & Schwarzenberg. 

TINKLER, CHARLES KENNETH, and Masters, HeLen. Applied 
chemistry : a practical handbook for students of household science 
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and public health. 2nd edition. Vol. I. London 1929. pp. 
xii + 296. ill. 15s. net. (Recd. 11/6/29.) 
From the Publishers : Messrs. Crosby Lockwood & Son. 


II. By Purchase. 

ALEMBIC CLUB Reprints, No. 19. The foundations of the 
theory of dilute solutions. Papers on Osmotic pressure by J. H. 
vAN 'T Horr, and on Electrolytic dissociation by SVANTE ARRHENIUS, 
1887. Edinburgh 1929. pp. 67. ill. 2s. 6d. net. (Recd. 
10/6/29.) 

Bauer, K. Huco. Die trockenden Ole. (Monographien aus 
dem Gebiete der Fett-Chemie, Vol. XI.) Stuttgart 1928. pp. 
vii + 354. ill. M.27. (Reed. 12/6/29.) 

CoRDIER, Victor. Die chemische Zeichensprache einst und 
jetzt. Graz 1928. pp. xii+ 220. ill. M.15. (Recd. 28/5/29.) 

ENGLER, CARL, and Hérer, Hans von. Das Erddl, seine Physik, 
Chemie, Geologie, Technologie und sein Wirtschaftsbetrieb. 2nd 
edition. Edited by Jen6 Tausz. Vol. III. Teil2. Lagerung und 
Transport des Erdéls und seiner Produkte zu Lande. By JuLius 
Swopopa. Leipzig 1929. pp. viii+ 256. ill. M.28. (Reed. 
4/6/29.) 

Furst, H. T. Wave mechanics, being one aspect of the new 
quantum theory. London 1929. pp. x+ 117. ill. 3s. 6d. net. 
(Reed. 18/5/29.) 

Hatt, Sm Atrrep Dante. Fertilisers and manures. 3rd 
edition. London 1929. pp. xxiv +414. ill. 8s. net. (Reed. 
18/5/29.) 

Hurp, Cuartes Dewitt. The pyrolysis of carbon compounds. 
(American Chemical Society Monograph Series.) New York 1929. 
pp. 807. 52s. net. (Recd. 20/6/29.) 

Iron AND Steet Institute, with the co-operation of the 
NATIONAL FEDERATION OF IRON AND STEEL MANUFACTURERS. 
Iron, Steel; and Industrial Fuel : survey of current literature. Vol. 
I,ete. London 1929 +. (Reference.) 

Lance, Orto. Technik der Emulsionen. Berlin 1929. pp. 
viii+ 391. ill. M. 29.50. (Reed. 12/6/29.) 

LATIMER, WENDELL MiTcHELL, and HILDEBRAND, JOEL Henry. 
Reference book of inorganic chemistry. New York 1929. pp. 
x+ 442. ill. 16s. net. (Recd. 20/6/29.) 

Lawrence, A. S.C. Soap films: a study of molecular individu- 
ality. London 1929. pp. xii+ 141. ill. 12s. 6d. net. (Reed. 
20/6/29.) 

LunDEGARDH, HENRIK. Die quantitative Spektralanalyse der 
Elemente und ihre Anwendung auf biologische, agrikulturchemische 
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und mineralogische Aufgaben. Jena 1929. pp. vi + 155 + 13 
plates. ill. M.20. (Reed. 12/6/29.) 

Lusk, GraHaM. The elements of the science of nutrition. 4th 
edition. Philadelphia 1928. pp. 844. ill. 32s. 6d. net. (Recd. 
18/5/29.) 

Mayer, A. W. Chemisches Fachwérterbuch, Deutsch-Englisch- 
Franzésisch. Fiir Wissenschaft, Technik, Industrie und Handel. 
Vol. I. Leipzig 1929. pp. xiv + 826. (Reference.) M. 75. 

MicuakEtis, Leonor. Oxydations-Reductions-Potentiale, mit 
besonderer Beriicksichtigung ihrer physiologischen Bedeutung. 
Teil IL of “‘ Wasserstoffionenkonzentration.” Berlin 1929. pp. 
x-+171. ill. M.14.50. (Reed. 12/6/29.) 

Orr, JoHN Boyp, with the assistance of HELEN SCHERBATOFF. 
Minerals in pastures and their relation to animal nutrition. London 
1929. pp. xvi+ 150. 10s. 6d. net. (Recd. 18/5/29.) 

PovucuEer, Wit1t1AM ARTHUR. Perfumes, cosmetics and soaps, 
with especial reference to synthetics. 3rd edition. Vol. II. 
London 1929. pp. xiv-+ 521. ill. 25s. net. (Reed. 18/5/29.) 

ProcHazKA, GEORGE A. Accounting and cost finding for the 
chemical industries. (Chemical Engineering Series.) New York 
1928. pp. x + 242. ill. 15s. net. (Recd. 18/5/29.) 

SCHNEIDEWIND, Ricuarp. A study of chromium plating. 
(Univ. Michigan, Engineering Research Bulletin No. 10.) Ann 
Arbor 1928. pp. 141. ill. 5s. net. (Reed. 14/6/29.) 

UBBELOHDE, Lzo. Handbuch der Chemie und Technologie der 
Ole und Fette. Chemie, Vorkommen, Gewinnung und Ver- 
arbeitung der Ole, Fette, Wachse und Harze. 2nd edition. Edited 
by Hans Hetzer, Vols. I and III, part i. Leipzig 1929. pp. 
xvi + 791, xx + 392. ill. M.75, M.42. (Recd. 4/6/29.) 

VocEL, HERMANN WILHELM. Handbuch der Photographie. New 
edition. Edited by Ertcu Lenmann. Vol.I, parti. Photochemie 
und photographische Chemie. By WatteR Noppack and ERIcH 
LEHMANN. Berlin 1928. pp.x +314. ill. M.15. (Reed. 12/6/29.) 

Vol. I, part ii. Fabrikation und Priifung der photo- 
graphischen Materialien. By Witty Navok and Erica LEHMANN. 
Berlin 1928. pp. viii + 282. ill. M.12. (Recd. 12/6/29.) 

Vol. II, part i. Photographische Optik. By Hays 
Hartinc. Berlin 1925. pp. vi+ 187. ill. M.7. (Reed. 
12/6/29.) 

—— —— Vol. II, part ii. Das Negativverfahren. By Orro 
MenTE, Erich LEHMANN and Witty Navck. Berlin 1926. pp. 
192. ill. M.9. (Recd. 12/6/29.) 

Vol. II, part iii. Die Kopierverfahren. By Enricu 
Stencer. Berlin 1926. pp. 286. ill, M.10. (Recd. 12/6/29.) 
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WALDEN, Pav. Salts, acids, and bases: electrolytes: stereo- 
chemistry. New York 1929. pp. xii+ 397. ill. 20s. net. 
(Reed. 18/5/29.) 


III. Pamphlets. 

AUSTRALIA, COMMONWEALTH oF. Council for Scientific and 
Industrial Research. Pamphlet No. 11. The Tasmanian grass grub 
(Oncopera intricata Walker). A preliminary report on its life 
history, and methods of control. By Grraup F. Hitz. Melbourne 
1929. pp. 43. ill. 

GHOSH, JNANENDRA CHANDRA. Kinetik der Photosynthese bei 
Pflanzen. Eine theoretische Deutung der experimentellen Ergeb- 
nisse Harders iiber die Kohlensaureassimilation bei Fontinalis. 
(From the Jahrb. wiss. Botanik, 1928, 69.) 

Home OrFice. Factory Department. Memorandum on the 
manufacture, use and storage of cellulose solutions. London 1929. 
pp. 12. ill. 

IMPERIAL InsTITUTE. The Mineral Industry of the British 
Empire and Foreign Countries. Cadmium. London 1929. pp. 23. 

Konpakov, J. L. Les sylvestrénes et les carénes. (From 
Parfumerie Mod., 1927, 20.) 

MepricaL ResgarcH Councizt. Special Report Series, No. 123. 
Iodine in nutrition: a review of existing information. By JamEs 
Boyp Orr and IsaBEeLLA LertcH. London 1929. pp. 108. 

—— Special Report Series, No. 128. Reports on biological 
standards. II. Toxicity tests for novarsenobenzene (neosalv- 
arsan). By Fiorence M. Durnam, J. H. Gappum, and J. E. 
Marcnat. London 1929. pp. 40. ill. 

Mrnistry oF HeattH. Report of an investigation regarding the 
emission of fumes from artificial silk works. By the Chief Inspector 
of Alkali, etc., Works. London 1929. pp. 7. 

Oxupa, Yuzuru. A method of estimating cysteine, cystine, and 
their derivatives in tissues and biological fluids, and the application 
of the method. (From the J. Dept. Agric., Kyushu Imp. Uniw., 
1929, 2.) 

Peruitz, HARALD. On the domain of the atom of bismuth in its 
crystal. (From the Sitzungsber. Naturforscher-Ges. Univ. Tartu, 
1929, 35.) 

Some remarks on the change of volumes and electric resist- 
ances of antimony and arsenic at fusion. (From the Sitzwngsber. 
Naturforscher-Ges. Univ. Tartu, 1929, 35.) 

ScIENTIFIC AND InpusTRIAL Researcou. Department of. 
Report of test by the Director of Fuel Research on the Maclaurin 
plant installed at Dalmarnock Gas Works, Glasgow. London 1929. 
pp. vi+ 26. ill. 
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ScrentTiFIc AND InpustTRiIaL Reszarcn. Department of. 
Building Research, Special Report No. 12. Investigations into 
the durability of architectural terracotta and faience. By W. A. 
McIntyre. London 1929. pp. viii + 73. ill. 

—— —— Special Report No. 13. Effect of temperature on the 
setting times of cements, and on thu strength of cements, mortars 
and concretes. By W. N. THomas and N. Davey. London 1929, 
pp. iv + 38. 

Engineering Research. Special Report No. 14. Properties 
of materials at high temperatures. 4. The strength at elevated 
temperatures of low carbon steels for boiler construction. By 
ReemvatpD GrorGE Batson and H. J. Tapsextzt. London 1929. 
pp. vi+ 41. ill. 

—— Food Investigation. Special Report No. 34. The leakage of 
heat into ships’ insulated holds. London 1929. pp. vi + 34. ill. 

—— Forest Products Research. Bulletin No. 2. Lyctus powder- 
post beetles. By Ronaup C. Fisher. London 1928. pp. vi + 46. 
ill. 

Sout Arrica, Union or. Department of Agriculture. (Division 
of Chemistry, Series No. 90.) The determination and application 
of the electrical resistance and p, value in irrigation soil surveys. 
By Artuur Stead. (From the 8S. African J. Sci., 1928, 25.) 

—— (Division of Chemistry, Series No. 91.) The sphere of 
the chemist in agriculture. Solving problems for the farmer. 
(From Farming in S. Africa, 1928.) 

—— (Division of Chemistry, Series No. 92.) Manuring of 
wattles. By C. O. Wutams. Fertilizer trials with wattles. By 
J.B. Ossorn. (From Farming in S. Africa, 1928 and 1929.) ill. 

Srzrce, Henry M. Recent fertilizer experiments with cotton. 
(From Rep. Agric. Exper. Stations, 1927.) 

Union oF Sooratist Soviet Repustics. Scientific Technical 
Department of the Supreme Council of National Economy. Central 
Institute for Tobacco Investigations. Bulletin No. 34. Zur 
Kenntnis der Tabakfermentation. By A. I. Smmnov. Krasnodar 
1927. pp. 115. [In Russian. German summary.] 

Bulletin No. 36. Fertilizer experiments with 
tobacco in Veseloye (near Adler) in 1925. By A. V. OTRYGANIEV. 
Krasnodar 1927. pp. 20. [In Russian. English summary.] 
Bulletin No. 37. Soil investigations of the 
chemical section. By A. Scumuck, 8. NEGOvVELOV, and V. Zapot- 
SKI. Krasnodar 1927. pp. 47. [In Russian.] 











PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, October 17th, 1929, at 
8 p.m., Professor J. F. Toorpe, C.B.E., D.Sc., F.R.S., President, in 
the Chair. 

Among the visitors welcomed by the President were Professor Dr. 
K. Fajans of Munich and Sir Venkata Raman of Calcutta, 


The PRESIDENT reported the loss sustained by the eee through 
death, of the following Fellows : 


Elected. Died. 


John Bairstow Dec. 3rd, 1891. June 19th, 1929. 
Arthur C. Cockburn Dee. 2nd, 1880. July 25th, 1929. 
Ernest Hartshorne June 18th, 1925. Sept. 16th, 1929. 
Ernest E. Mabbott May 7th, 1925. June 6th, 1929. 
Gerald W. Martin Nov. 19th, 1885. Oct. 14th, 1929. 
Thomas H. Moore June 18th, 1902. July 20th, 1928. 
William W. J. Nicol Feb. Ist, 1883. March 18th, 1929. 
William H. Perkin April 17th, 1884. Sept. 17th, 1929. 
Percy B. Phipson Dec. 7th, 1905. March 8th, 1929. 
Sudhindranarayan Ray Dec. 6th, 1923. July 6th, 1929. 
William Regester April 15th, 1880. July 4th, 1929. 
Samuel B. Schryver May 4th, 1899. Aug. 21st, 1929. 
Rustomji N. Unwalla March 4th, 1896. May 25th, 1929. 
Robert L. M. Wallis Dec. Ist, 1910. April Ist, 1929. 
Paul T. White May 6th, 1897. June 29th, 1929. 


In referring to the death of Professor W. H. Perkin, the PRESIDENT 
said : 


“ Fellows will have felt the deepest regret on hearing of the death 
of Professor William Henry Perkin, which occurred at Oxford on 
September 17th last, and will wish to join with the Council in sending 
the following expression of sympathy to Mrs. Perkin : 


The Council and Fellows of the Chemical Society desire to 
express to you their deepest sympathy on the death of your 
husband, Professor William Henry Perkin. They recall with 
gratitude his long and signal services to the Society as Councillor, 
Vice-President, and President and the influence he always 
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exerted. among them by his inspiring personality and his desire 
to further the objects for which the Society was founded. 

In common with the whole Scientific world they mourn the 
loss of one who added lustre to a name already renowned in 
Chemical Science, and whose contributions to our knowledge of 
Organic Chemistry will be remembered as long as the science 
endures. 

‘* William Henry Perkin was born at Sudbury on June 17th, 1860, 
and was the eldest son of the late Sir William Perkin. After 
studying at the Universities of Wiirzburg and Miinich, at the latter 
of which he was Privat-docent, he became successively Professor of 
Chemistry in the Heriot-Watt College, Professor of Organic Chemistry 
in the University of Manchester and Waynflete Professor of 
Chemistry in the University of Oxford. His great contributions 
to Organic Chemistry fall into three classes : 

(1) The chemistry of carbon rings, an account of which he gave 
us as recently as May last when he delivered the first 
Pedler Lecture, 

(2) The chemistry of camphor and the terpenes, 

(3) The chemistry of the alkaloids. 


In all these sections he published papers of the highest fundamental 
importance, and the chemistry of these groups, as it stands to-day, 
is mainly due to him. 

“Perkin was essentially an experimenter, probably as great an 
experimenter and manipulator as organic chemical science has as 
yet produced. To this great gift he was able to apply a mind 
teeming with original ideas and a brain full of detailed knowledge 
and experience such as is rarely possessed by any one man. An 
indefatigable worker, he was able to contribute, both by himself and 
with the aid of his many co-workers, an unusually large number of 
papers which were published in our Journal and elsewhere. These 
will always stand as a monument to his fame.” 


It was also announced that : 

1. Mr. Basil Holmes had presented to the Society a framed picture 
of a group of Fellows of the Royal Society, published July Ist, 1878, 
which was formerly in the possession of the late Dr. J. Hall Gladstone. 

2. The following Address of Congratulation had been sealed in 
Council that afternoon, and would be presented by the President 
to the Comité d’Organisation du Centenaire Paul Schutzenberger at 
the Celebrations to be held in Paris on November 7th, 1929 : 


The President, Council, and Fellows of the Chemical Society 
send greetings to the Comité d’Organisation du Centenaire Paul 
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Schutzenberger and welcome the opportunity of participating 
in the Celebrations in honour of the Centenary of the birth of 
this great French Chemist. 

The work of Paul Schutzenberger embraced a wide section of 
Chemical Science and formed a basis. on which much of our 
modern knowledge is built. His’ work on the derivatives of 
Phosphorus, Arsenic, and Silicon, as well as his notable contribu- 
tions to Organic Chemistry, especially in connection with the 
natural colouring matters, provide examples which have served 
as a source of inspiration to many who have followed after him. 

The Chemical Society joins with its French colleagues in 
offering homage to the memory of a great Frenchman and a 
great Chemist. 

Signed on behalf of the Chemical Society, 


JOCELYN THORPE, President. 

T. SLATER PrRIcE, Treasurer. 

C. S. Gipson, . 

T. S. Moore, } Secretaries. 

F. G. Donnan, Foreign Secretary. 


Sealed in Council this Seventeenth Day of October, One 
Thousand-Nine Hundred and Twenty-Nine. 


3. The second Liversidge Lecture, entitled “‘ Surface Forces and 
Chemical Equilibria,” would be delivered by Professor Dr. H. 
Freundlich on Thursday, December 12th, 1929, in the Meeting Hall 
of the Institution of Mechanical Engineers, Storey’s Gate, West- 
minster, S.W.1 (by kind permission of the Council of that 
Institution). Tickets of admission will not be required. 

4. The Annual Chemical Dinner, at which Lord Dewar would 
preside, would be held in the Connaught Rooms, Great Queen Street, 
W.C. 2, on Friday, November 8th, 1929, at 7.30 p.m. Tickets, 
price 12s. 6d. each, for lady or gentleman, including gratuities, but 
not wines, can be obtained from Mr. F. A. Greene, Chemical Industry 
Club, 2, Whitehall Court, S.W. 1. 


The following were formally admitted Fellows of the Chemical 
Society : B. H. Ingham, H. G. Smith, 8. Sugasawa, W. R. Littlejohn, 
J. A. B. Smith, R. K. Callow, and D. A. Crighton. 

Certificates were read for the first time in favour of : 


Mark Barent, B.Sc., 29, Victoria Park Square, E. 2. 

Lindsay Heathcote Briggs, M.Sc., Massey Agricultural College, Palmerston 
North, New Zealand. 

John Henry Brightman, B.Sc., 102, Hodford Road, Golders Green, N.W. 11. 

William Chalmers, M.A., Department of Chemistry, McGill University, 
Montreal, Canada. 
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Mark Barent, B.Sc., 29, Victoria Park Square, E. 2. 

Lindsay Heathcote Briggs, M.Sc., Massey Agricultural College, Palmerston 
North, New Zealand. 
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Walter Cule Davies, B.Sc., Ph.D., 9, Grove Place, Penarth, Glam. 

Charles Edward Duce, Elsonia, Eling Lane, Totton, Southampton. 

Henry Alexander Sherwin Gothard, Verbena, Southlands Road, Bickley, Kent. 

John Graymore, M.Sc., A.I.C., Sunrising, Lincoln Road, Newark. 

Frank Arnold Greene, M.I.Mech.E., M.I.E.E., M.I.Chem.E., 50, Clifton Hill, 
St. John’s Wood, N.W. 8. 

Chika Kuroda, D.Sc., 970, Minafhi-Somei, Sugamo, Tokyo. 

Leopold Ferdinard Levy, M.Sc., 27, Wilmot Road, Downhills Park, N. 17. 

Albert Reginald McLeod, M.D., C.M., T. & G. _ Building, Elizabeth Street, 
Sydney, N.S.W. 

John Gordon Malloch, M.Se., Ph.D., University of Alberta, Edmonton, 
Alberta, Canada. 

Frederick Cecil Barron Marshall, B.Sc., 91, Calabria Road, N. 5. 

Owen Mathias, M.Sec.Tech., A.I.C., 28, Stanley Road, Whalley Range, 
Manchester. 

Ernest John Miller, B.Sc., 128, Lozells Road, Handsworth, Birmingham. 

Arthur Williams Morgan, 21, Conduit Road, Bedford. 

Basanta Kumar Pal, M.Sc., Chemistry Department, Intermediate College, 
Mandalay, Burma. 

Basrur Sanjiva Rao, Prof., M.A., Ph.D., Central College, Bangalore, India. 

Eric Samuel Richards, 33, Price Street, Smethwick, Staffs. 

Frank Sharples, Assoc.M.C.T., 985, Middleton Road, Chadderton, Oldham. 

Roger Stansfield, 48, Virginia Avenue, Eden Terrace, Auckland, New Zealand. 

Katherine Frieda Taylor, B.Sc., Ph.D., 3, Woodland Place, Penarth, Glam. 

Sidney Charles Gunther Tweedy, 77, The Grove, Palmers Green, N. 13. 

Bishambhar Dayal Varma, 68, Ganeshganj, Lucknow, India. 


The following certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


Atulpati Banerji, D.Sc., Medical Officer, Reformatory & Industrial School, 
Alipore, Calcutta. 

Henri Gault, Prof., Société om Usines Chimiques Rhéne-Poulenc, St. Fons 
(Rhéne), France. 


Mr. H. L. Riley and Dr. I. Vogel were elected Scrutators and a 
ballot for the election of Honorary Fellows was held. The following 
were subsequently declared elected as Fellows : 


Professor Dr. Max Bodenstein (Berlin). 

Professor Dr. Niels Bohr, For.Mem.R.S. (Copenhagen). 
Sir William H. Bragg, K.B.E., F.R.S. 

Professor Dr. Peter Debye (Leipzig). 

Professor Dr. Arthur Hantzsch (Dresden). 

Professor Irving Langmuir (Washington). 

Geh.Reg.-Rat Professor Dr. Walther Nernst (Berlin). 
Geheimrat Professor Dr. Wilhelm Ostwald years 
Sir Ernest Rutherford, Kt., O.M., Pres.R.S. 

Geheimrat Professor Dr. Otto Wallach (Géttingen). 
Geh.Reg.-Rat Professor Dr. Heinrich Wieland (Munich). 


The following papers were read : 


** The modes of addition to conjugated unsaturated systems. Part 
II. The reduction of conjugated unsaturated acids by metals 
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dissolving in aqueous media.” By H. Burton and C. K. 
INGOLD. 

‘ Synthesis of anthracene homologues. Part I. 2: 6- and 2:7-Di- 
methylanthracenes.””’ By G. T. Morean and E. A. CovuLson. 

“Synthesis of anthracene homologues. Part II. 2:3: 6-Tri- 
methylanthracene.” By G. T. Moraan and E. A. CouLson. 

‘‘ Dynamic isomerism involving mobile hydrocarbon radicals. Part 
I. The triarylbenzenylamidines.” By A. W. CHapman. 

‘“ Studies of valency. Part XIV. .An optically-active telluronium 
salt; p-tolylphenylmethyltelluronium iodide.” By T. M. 
Lowry and F. L. GicBert. 

“Studies of valency. Part XV. Optically-active p-tolylphenyl- 
telluroxide.”” By T. M. Lowry and F. L. GitBerr. 





SECOND LIVERSIDGE LECTURE. 


The second Liversidge Lecture, entitled ‘‘ Surface Forces and 
Chemical Equilibria,” will be delivered by Professor Dr. H. Freund- 
lich on Thursday, December 12th, 1929, in the Meeting Hall of the 
Institution of Mechanical Engineers, Storey’s Gate, Westminster, 
S.W.1 (by kind permission of the Council of that Institution). 
Tickets of admission will not be required. 





RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in 
December next. Applications for grants, to be made on forms 
obtainable from the Assistant Secretary, must be received on or 
before Monday, December 2nd, 1929. Applications from Fellows 
will receive prior consideration. 

All persons who received grants in December, 1928, or in December 
of any previous year, whose accounts have not been declared closed 
by the Council, are reminded that reports must be returned by 
December 2nd. 

Attention is drawn to the fact that the income arising from the 
Donation of the Worshipful Company of Goldsmiths is to be more 
or less especially devoted to the encouragement of research in 
Inorganic and Metallurgical Chemistry, and that the income from the 
Perkin Memorial Fund is to be applied to investigations relating to 
problems connected with the Coal Tar and Allied Industries. 





THE HARRISON MEMORIAL PRIZE. 


In accordance with the Trust Deed governing the Harrison 
Memorial Fund, the Selection Committee consisting of the Presidents 
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of the Chemical Society, the Institute of Chemistry, the Society of 
Chemical Industry, and the Pharmaceutical Society, will proceed to 
make an award of the Harrison Prize in December next. 

The Prize, of the value of about £150, is to be awarded to the 
chemist of either sex, being a natural born British subject and not 
at. the time over thirty years of age, who, in the opinion of the 
Selection Committee, during the previous five years has conducted 
the most meritorious and promising original investigations in any 
branch of pure or applied chemistry and published the results of 
those investigations in a scientific periodical or periodicals. 

Provided that, in the opinion of the Selection Committee, there 
is a candidate of sufficient distinction to warrant an award of the 
Prize, the next award is to be made in December, 1929. 

Applications, five copies of which must be submitted, should 
contain the following information : 


(a) Name (in full). 

(6) Age (birth certificate to accompany application). 

(c) Degrees (name of University where obtained). 

(d) Other qualifications. 

(e) Experience. 

(f) Titles of published papers, with authors’ names, including 


full references to publications. 
(g) Where research was carried out. 
(hk) Testimonials or references. 
(¢) Any other information bearing on the application. 


The Selection Committee is prepared to receive applications, 
nominations, or information as to candidates eligible for the Prize. 
Any such communication must be received by 

The President, 
The Chemical Society, 
Burlington House, 
Piccadilly, London, W. 1, 


not later than Monday, December 2nd, 1929. 





A LIEBIG HOUSE UNION. 


A Liebig House Union has been formed at Darmstadt under the 
presidency of Geheimrat Professor Dr. A. von Weinberg, supported 
by a strong Committee. The object of the Union is to maintain, 
as a permanent museum, the birthplace of von Liebig at ‘“‘ Grosse 
Kaplaneigasse 30,”’ which has recently been rebuilt. It is hoped 
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to bring together in this museum all the mementos of the great 
chemist and of the industries with which he was connected. Mem- 
bership subscriptions are as follows: For ordinary membership at 
least 20 M., for corporate membership at least 100 M. yearly. 
Individuals who pay not less than 500 M., or corporations who 
subscribe at least 2000 M. will be known as “ Founders,” and will 
become permanent members of the Union. Members who subscribe 
more than 20 M. yearly will be entitled to a copy of E. Berl’s 
“ Liebigbriefe,”” and those who subscribe more than 100 M. to a 
copy of August Kekulé’s notebook of Liebig’s lecture reproduced 
in facsimile, so long as it is available. Subscriptions should be 
made payable to the Union at the Diskonto-Gesellschaft Filiale, 
Darmstadt. 





ANNUAL REPORTS. 


The price of the Annual Reports for 1929, Vol. XXVI, will be 
5s. 6d. to those Fellows who apply by December 31st, 1929. 

Application should be made to the Assistant Secretary, and must 
be accompanied by a remittance. 





SPECIAL PUBLICATIONS OF THE SOCIETY. 


Fellows are reminded that the following publications can be 
obtained at the reduced prices mentioned : 
Price. 
Memorial Lectures, Vol. I (1893-1900) . . 9s. post free. 
“ * fol. II (1901-1913) . ent} ei 
Faraday Lectures (1869-1928) ; , <—— | 


Photographs of Eminent Chemists, set of 8 . 18s. - 
each. . ae oe 


99 2? 2° 


The Council also has a few sets of the Berichte der Deutschen 
Chemischen Gesellschaft from 1915 to 1924 (inclusive) for £22, post 
free. 





BRITISH CHEMICAL ABSTRACTS ‘‘A"’ FOR 1930. 
(Printed on one side of the page only) 


The Abstracts “A” (Pure Chemistry) for 1930, printed on one 
side of the page only, will be issued to Fellows who make applic- 
ation by December 31st, 1929. On account of the cost of producing 
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these Abstracts, the Council has found it necessary to increase the 
price to £1 10s. A remittance for this amount must accompany 
each application. 





PUBLICATIONS OF OTHER SOCIETIES. 


Fellows of the Chemical Society who are not members of the 
Society of Chemical Industry, the American Chemical Society, or 
the Dutch Chemical Society may procure the publications of these 
Societies for 1930 at the following prices : 


SOCIETY OF CHEMICAL INDUSTRY 


(a) Abstracts in Applied Chemistry (exclusive of Index) £1 10s. post free 
(6) Annual Reports of the Progress of — 

Chemistry for 1929 
(c) Abstracts in Applied Chemistry (printed 0 on one 

side of the page only) 


Application should be made direct to the Secretary, Society of 
Chemical Industry, 46 and 47 Finsbury Square, E.C. 2, and should 
reach him by 3lst December, 1929. Fellows resident abroad 
should apply by return of mail. 


AMERICAN CHEMICAL SOCIETY 

Posiage.* 
(a) Journal of the American Chemical Society . . $6.25 $1.00 
(6) Chemical Abstracts . ; L - $6.25 $1.50 
(c) Industrial and Engineering Chemistry P ‘. - $6.25 $1.00 
Price for all three Journals: . i 4 - $15.00 $3.50 
Price for any two Journals: . ‘ ° - $11.50 $2.00 
(d@) Chemical Reviews ° : - $4.00 $0.50 
Application should he midi direct to the Secretary, American 
Chemical Society, Mills Buildings, Washington, D.C., U.S.A., and 

should be sent by December 31st, 1929. 
(e) Journal of Physical Chemistry ‘ - $8.00 post free 
Application should be made to the Journal of Physical 

Chemistry, Ithaca, N.Y., U.S.A. 


One-half postage rates to Canada. No postage charges to countries in the 
Pan American Union and Spain. 


NEDERLANDSCHE CHEMISCHE VEREENIGING 


(a) Chemisch Weekblad . ‘ ‘ . Fl. 10-25 post free 
(6) Recueil des travaux chimiques des Pays Bas: . FI. 11°50 ,, ,,; 
Application to be made to Dr. A. D. Donk, Nederlandsche 
Chemische Vereeniging, Verspronckweg, 100, Haarlem, Holland. 
Norr.—A remittance, made payable to the Society concerned, must accompany 
each application. 
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DISCOVERY OF A DETECTIVE REAGENT OF 
YPERITE (MUSTARD GAS). 

With reference to the notice appearing in the Proceedings for 
June 1929 (pp. 71 and 72) the Jury appointed to judge the com- 
petition is composed of the following : 

Geh. Reg.-Rat Professor Dr. F. Haber, Kaiser Wilhelm Instituts, 
Berlin-Dahlem. ; 

Sir William J. Pope, K.B.E., F.R.S., The University, Cam- 
bridge. 

Professor F. Swarts, The University, Ghent. 

Professor G. Urbain, 1, Rue Victor Cousin, Sorbonne, Paris. 

Secretary of the Jury: The Technical Adviser of the Inter- 
national Red Cross Committee. 





List of Papers, or Abstracts thereof, received between June 20th, 
and October 17th, 1929. (This List does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 


“The inhibition of chemical reactions. Part III. The inhibition 
by sulphur of the atmospheric oxidation of benzaldehyde.” 
By K. C. Batey. 

“ Nitrogen-phosphorus compounds. Some derivatives of diphenyl- 
phosphoric acid.” By B. BEILENSOHN and R. Dickinson. 

“ Chemical preparation of a substance probably living.” By H. C. 
Wooprvt¥r. 

“The action of visible light on the oxidation of lactic and tartaric 
acids.” By F. BERNHEIM. 

“The anomalous fifth carbon atom in n-fatty nitriles.” By R. A. 
Fuuton and W. B. L&E. 

“The nitration of aromatic thiocyanates.” By F. CHALLENGER, 
C. Hicernsotrom, and A. HUNTINGTON. 

“Studies of the boron-carbon linkage. Part I. The oxidation 
and nitration of phenylboric acid.” By F. CHALLENGER and 
A. D. ATNLEY. 

“4 modified Reimer-Tiemann reaction. The influence of ring 
substituents on the aldehyde yields from the action of phenols 
on an alkaline solution of trichloroacetic acid.” By D. E. 
ArmstronG and D. H. RicHarpson. 

“The influence of solvents and of other factors on the rotation of 
optically active compounds. Part XXVIII. The rotation 
dispersion of mannitol and some of its derivatives. Note on 
rotation dispersion curves.” By T. 8. Parrerson and A. R. 
Topp. 
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“The chemistry of the three-carbon system, Part XXII. The 
influence of substituent..groups on the tautomeric change.” 
By R. P, Liystzap. 

“The classification of the sugars. Part II.” By J. G. Matrsy. 

“The constitution of metal-ion-pyridine complexes in aqueous 
solution.” By F. K. V. Kocu. 

“The constitution of carthamin. Part II. §-Carthamidin methyl 
ether and its synthesis.” By C. Kuropa. 

“ A new isomeris mof halogenohydroxybenzoyltoluic acids. Part II. 
5(4 ?)-Methyl-2-(5’-chloro-2’-hydroxybenzoyl)-benzoic acid.” 
By M. Hayasat. 

“A new isomerism of halogenohydroxybenzoyltoluic acids. Part 
ITI. 3(6 2) - Methyl -2-(3’-chloro-4’ -hydroxybenzoy]) - benzoic 
acid.”” By M. Hayasat. 

“A new isomerism of halogenohydroxybenzoyltoluic acids. Part 
IV. 3(6 ?)-Methyl-2-(4’-chloro-2’-hydroxybenzoyl)-benzoic acid 
and 3(6 ?)-methyl-2-(2’-chloro-4’-hydroxybenzoyl)-benzoic acid. 
(Appendix: 3(6?)-Methyl-2-(2’ : 5’-dihydroxybenzoyl)-benzoic 
acid:)”” By M. Hayasat. 

** Researches on nitrous oxide.” By A. N. C. BENNETT. 

“ The mechanism of the degradation of fatty acids by mould fungi. 
Part IV.” By V.SupramantiaM, H. B. Stent, and T. K. WALKER. 

“ A study into the nature of the development of colour by photo- 
chemical change in strong solutions of ammonium thiocyanate.” 
By B. S. SHarma. | 

“The action of hydrofluoric acid on compounds of selenium and 
tellurium. Part III. Solubilities of tellurium dioxide and 
oxyfluorides.” By E. B. R. Pripgavx and J. O’N. Mix1o77. 

“The conversion of acetylchloroaminobenzene into p-chloroacet- 
anilide by hydrogen and chlorine ions.” By J. W. BELTon. 

“The action of sulphur monochloride on antimonypent achloride.” 
By J. R. Partinerton. 

“* Arsenic trichloride and sulphur chloride.” By J. R. Partrneron. 

“* Derivatives of dihydropentindole. Part II.” By S. G. P. Prant. 

“The relation between chemical affinity and paramagnetism of 
the elements.” By W. E. J. Trask. 

“Researches on ammines. Part III. Derivatives of cupric 
nitrite.” By H. J. S. Kine. 

“The condensations of benzaldehyde and ethyl acetoacetate with 
urea and thiourea.” By L. E. Huyxen and D. H. Hey. 

“The synthesis of glycine.” By W. K. Anstow and H. Kine. 

*“‘ The formation of N-nitrosoamines from tertiary aromatic amines. 
Part I. The conversion of derivatives of dimethylaniline by 
nitrous acid into the corresponding nitrosoamines and mono- 
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methylaniline derivatives.” By W. G. Macmiuuan and T. H. 
READE. 


“ Polynuclear cobalt complexes containing cobalt in the anion.” 


By E. G. V. Perctvat and W. Warpiaw. 

‘Complex bromides of quinquevalent molybdenum.” By F. G. 
ANGELL, R. G. James, and W. WarDLAw. 

‘Acid and salt effects in catalysed reactions. Part XXII. The 
influence of inert salts on the secondary dissociation of dibasic 
acids.” By H. M. Dawson and J. E. Smira. 

‘Germanium. Part VI. An improved method of extracting 
germanium from germanite.” By W. Pues. 


‘The ‘fine-structure’ of certain ‘ straight-chain’ compounds.” 
By W. B. Lze. 


“The unsaturation and tautomeric mobility of heterocyclic deriv- 


“ 


‘The nitrosation of phenols. Part VII. Resorcinol monomethyl 


atives. Part I. Benzthiazole, dihydrobenzthiazole, and 
thiazole derivatives.” By R. F. Hunter. 


‘The effect of hydrogen-ion concentration on the electrode potential 
of iron.” By A. L. McAutay and G. L. Ware. 


‘Cyanine dyes from quaternary salts of methyl-«- and -$-naphtha- 


thiazoles.” By F. M. Hamer. 


‘The influence of substituents on the benzoin reaction.” By 


H. H. Hopeson and W. RosEnBeErc. 
‘Polysaccharides. Part V. Glycogen.” By W. N. Haworrta, 
E. L. Hirst, and J. I. Wess. 


‘The solubilities of o- and p-nitrophenols in aqueous methyl 


alcohol solutions at 25° and 40°. Formation of §-p-nitro- 
phenol.” By J. C. Durr. 


‘Dyes derived from triazole dicarboxylic acid. The effect of 


heterocyclic nitrogen on colour.” By J. D. Tewari. 


‘Chemical kinetics of the system Ag,CO, == Ag,O + CO,.” By 


W. D. Spencer and B. Toptey. 


ether and m-cresol.” By H. H. Hopason and H. Cray. 


‘The nitration of 3-hydroxy-1 : 4-benzisooxazine and its 7- and 


9? 


8-acetamido-derivatives.”” By I. E. BaaBan. 


‘The influence of the sulphur atom on the reactivity of adjacent 


atoms or groups. Part III. 38- and «-Chlorosulphides.” By 
G. M. Bennett, F. Heatucore, and A. N. Mosszs. 


‘Studies of a Bredig silver hydrosol.”” By R. J. Best and A. B. 


Cox. 
‘ Passivity of metals. Part III. The quantity and distribution 
of the superficial oxide.””’ By U. R. Evans and J. STOCKDALE. 


“The formation of 1-substituted benziminazoles.”” By M. A. 


PHILLIPs. 
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“The oxidation of «-terpinene with benzoylhydroperoxide.” By 
L. A. Exson, C. 8. Greson, and J. L. SmmonseEn. 

‘‘ Monohalogenomononitrotoluenes. Arsenical compounds derived 
from 3-bromo-4-nitrotoluene.” By L. A. Exson, C. 8. Grssoy, 
and J. D. A. Jomnson. 

“ 10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
XI. Mono-, di-, and tri-methyl derivatives.” By C. §. 
Gipson and J. D. A. JoHNsoN. 

“ nor-d--Ephedrine, a convenient base for the resolution of extern- 
ally compensated acids. Resolution of dl-benzenesulphonyl- 
alanine and of dl-N-phenylalanineamide-4-arsinic acid.” By 
C. 8S. Gipson and B. Levin. 

“Compounds of the tryparsamide type. Part II. Resolution of 
dl-N-2-methylphenylalanineamide-4-arsinic acid.” By C. S. 
GiBson and B. Levin. 

“ Dimorphism in the aliphatic dicarboxylic acid series (azelaic 
acid).” By W. A. Caspart. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 
ABDERHALDEN, Emit. [Editor.] Handbuch der biologischen 


Arbeitsmethoden. Abt. I. Chemische Methoden. Teil 2, Ii 
Halfte, Heft v. Berlin 1929. pp. 2309 to 2584. M.14. (Recd. 8/8/29.) 
—— Abt. XI. Chemische, physikalische und physikalisch- 
chemische Methoden zur Untersuchung des Bodens und der Pflanze. 
Teil 4, Heft i. Berlin 1929. pp. 1 to 192. M. 10. (Reed. 
10/8/29.) From the Publishers : Herren Urban & Schwarzenberg. 
Britton, Husert Tuomas Stantey. Hydrogen ions: their 
determination and importance in pure and industrial chemistry. 
London 1929. pp. xiv-+ 515. ill. 25s. net. (Reed. 11/9/29.) 
From the Publishers : Messrs. Chapman & Hall. 
CELLULOSECHEMIE. Year VII, etc. Berlin 1926+. (For cir- 
culation.) From the Bureau of Chemical Abstracts. 
Firtu, JaMes BRIERLEY. Physical chemistry. London 1929. 
pp. vi-+ 292. ill. 5s. 6d. net. (Recd. 1/8/29.) 
From the Publishers : The University Tutorial Press, Ltd. 
GESELLSCHAFT FUR LinDE’s EISMASCHINEN A.-G. Geschichte. 
50 Jahre Kaltetechnik 1879-1929. Wiesbaden 1929. pp. 192. 
ill. (Reed. 15/7/29.) From the Society. 
Haas, Pavt, and Hm1, THomas Grorce. An introduction to 
the chemistry of plant products. 2nd edition. Vol. II. London 
1929. pp. viii + 220. ill. 10s. 6d. net. (Recd. 13/7/29.) 
From Dr. P. Haas. 
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INSTITUT INTERNATIONAL DE CuImMiE Sotvay. Troisiéme Conseil 
de Chimie. Rapports et discussions. Paris 1928. pp. xvi + 562. 
(Recd. 26/7/29.) From Dr. E. K. Rideal. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS. Standard methods 
of testing petroleum and its products. 2nd edition. London 1929. 
pp. xiv-+ 140. 7s.6d.net. (Recd.5/10/29.) From the Institution. 

KENDALL, JAMES. At home among the atoms: a first-book of 
congenial chemistry. [New York] 1929. pp. xvi-+ 270. ill. 
7s. 6d. net. (Recd. 18/9/29.) 

From the London Publishers : Messrs. G. Bell & Sons. 

KortscHavu, Rupotr. Einfiihrung in die theoretische ‘Wirt- 
schaftschemie. Dresden 1929. pp.x + 155. ill. M.12. (Recd. 
24/6/29.) From the Publisher : Herr Theodor Steinkopff. 

Koutuorr, Isaak Maurits, and MeEnzet, Herricu. Volu- 
metric analysis. An authorized translation based upon the German 
text by N. Howeit Forman. Vol. Il. New York 1929. pp. xiv 
+ 552. ill. 258. net. (Reed. 15/7/29.) 

From the London Publishers : Messrs. Chapman & Hall. 

MENSCHUTEIN, Boris Nirko.LarvitscH. Molecule and atom in 
chemistry. Moscow 1929. pp.144. [In Russian.] (Recd. 1/7/29.) 

—— Studies in general (inorganic) chemistry. Moscow 1929. 
pp. 600. ill. [In Russian.] (Recd. 1/7/29.) From the Author. 

NatsH, WiLLIAM ARCHIBALD, and CLENNELL, JOHN EDWARD. 
Select methods of metallurgical analysis. London 1929. pp. xii + 
495. ill. 30s. net. (Recd. 19/9/29.) 

From the Publishers: Messrs. Chapman & Hall. 

Noty, Prerre LecomTe pv. Equilibres superficiels des solutions 
colloidales. Etudes de biophysique moléculaire. (Monographies 
de l'Institut Pasteur.) Paris 1929. pp. 228. ill. 32fr. (Recd. 
29/6/29.) From Mr. Emil Hatschek. 

PAPIERFABRIKANT, DER. Wochenschrift fiir die Papier-, Pappen-, 
Holz-, Schliff-, Strohstoff-u. Zellstoff-Fabrikation. Year X XVI, etc. 
Berlin 1928+. (Reference.) From the Bureau of Chemical Abstracts. 

PHARMACEUTICAL Formuxas. P.F.Vol.I. Being “ The Chemist 
and Druggist ’” book of selected formulas from the British, United 
States and other pharmacopeeias, together with non-official formulas 
from various sources. 10th edition. By SamvuEL WaLTER WOOL- 
LEY and GrorGE Peters Forrester. London 1929. pp. xvi + 
1146. (Reference.) 15s. net. From Mr. G. P. Forrester. 

REpDGROVE, HERBERT STANLEY, and Foan, Girpert A. Blonde 
or brunette? A complete account of the theory and practice of 
hair-dyeing in all its branches. London 1929. pp. xii + 182. ill. 
7s. 6d. net. (Reed. 6/9/29.) 

From the Publishers : Messrs. William Heinemann, Ltd. 
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Sours Kznsineton. Science Museum. Handbeek of the col- 
lections illustrating industrial chemistry. Compiled by ALBXANDER 
Barotay. London 1929. pp. 83. ill. 1s. net. (Recd. 8/10/29.) 

From the Compiler, 

TemPLe, M. 8. A survey of the soils of Buckinghamshire. 
(University of Reading. Faculty of Agriculture. Bulletin 38.) 
Reading 1929. pp. 130. ill. (Recd. 5/7/29.) 

From the Dean of the Faculty. 

THoms, Hermann. [Editor.} Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. VI. Part ix. Berlin 1929. 
pp. 2161 to 2402. 

From the Publishers : Herren Urban & Schwarzenberg. 

Untrep States. Department of Commerce. Bureau of Standards 
Journal of Research. Vol. I, ete. Washington 1928+. (For 
circulation.) From the Bureau of Chemical Abstracts. 

Universitatis Ast@ Mepim. Acta. Series VI. Chemia. No. 1, 
etc. Taschkent 1928+. (Reference.) From the University. 

West, CLARENCE Jay, and BEROLZHEIMER, D. D. Bibliography 
of bibliographies on chemistry and chemical technology. First 
supplement 1924-1928. (Bulletin of the National Research 
Council, No. 71.) Washington 1929. pp.161. (Reference.) $1.50. 

From the National Research Council. 


II. By Purchase. 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. Transactions. 
Index to Vols. I to XV, inclusive. New York 1929. pp. ii + 228. 
(Reference.) 25s. net. 

AMERICAN Puysicat Soctzety. The Physical Review Supple- 
ment. Studies in contemporary physics. Vol. I,etc. Minneapolis 
1929 +. (Reference.) 

Batts, Witt1am Lawrence. Studies of quality in cotton. 
London 1928. pp. xxviii + 376. ill. 20s. net. (Reed. 24/6/29.) 

CHEMNITIUS, Fritz. Die Chemie in Jena von Rolfinck bis Knorr 
(1629-1921). Jena 1929. pp. 192. ill. M.8. (Reed. 1/8/29.) 

E1ret, WitHELM. Physikalische Chemie der Silikate. Leipzig 
1929. pp. xii+ 552. ill. M. 63. (Reed. 15/7/29.) 

Fasans, Kasiuir, and Wist, J. Physikalisch-chemisches Prakti- 
kum. Leipzig 1929. pp. xvi+ 217. ill. M. 13.50. (Reed. 
10/9/29.) : 

Fostrr, L. E. The cleaning and dyeing of celanese and rayon, 
including a brief history of rayon and its manufacture. York, 
Nebraska 1929. pp. 216. ill. 12s. 6d. net. (Recd. 24/6/29.) 

FRIEND, JoHN Newton. A text-book of inorganic chemistry. 
Vol. VI. Part iii. Vanadium, niobium, and tantalum. By 
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SypNEY Marks. London 1929. pp. xxvi-+ 222. (Two copies.) 
18s. net. (Recd. 26/9/29.) 

HaNDBUCH DER Puysik. Edited by Hans Geicrr and Kari 
ScuzEL. Vol. IV. Aligemeine Grundlagen der Physik. Edited 
by Hans Turremc. Berlin 1929. pp. xii + 667. ill. M. 638. 
(Reed. 17/7/29.) 

Vol. XXI. Licht und Materie. Edited by HEINRICH 
Konen. Berlin 1929. pp. xii+ 968. ill. M. 96.  (Recd. 
7/10/29.) 

HEERMANN, Pavt. Fiarberei- und textilchemische Untersuch- 
ungen. 5thedition. Berlin 1929. pp. viii + 435. ill. M. 25.50. 
(Reed. 1/8/29.) 

JANDER, GERHARDT, and ZakowskI, JosEF. Membranfilter, 
Cella- und Ulrafeinfilter. (Kolloidforschung in Einzeldarstellun- 
gen.) Leipzig 1929. pp. ix +193. ill. M.13. (Reed. 15/7/29.) 

Lez, [ARTHUR] BoLLEs. Microtomist’s vade-mecum: a hand- 
book of the methods of microscopic anatomy. 9th edition. Edited 
by James Bronté GatTensy and E. V. Cowpry. London 1928. 
pp. x+ 710. ill. 30s. net. (Recd. 24/6/29.) 

Ley, Hermann, and Rarmiscu, Ericu. Technologie und Wirt- 
schaft der Seide. Berlin 1929. pp. viii+ 551. ill. M. 66. 
(Recd. 17/7/29.) 

ScHINDLER, WitHELM. Die Grundlagen des Fettlickerns. 
Leipzig 1928. pp. xii+ 230. ill. M. 15. (Reed. 17/7/29.) 

Scnortky, W., Unicu, H., and Waaner, C. Thermodynamik. 
Die Lehre von den Kreisprozessen, den physikalischen und chemi- 
schen Veranderungen und Gleichgewichten. Berlin 1929. pp. xxvi 
+619. ill, M.59. (Reed. 1/8/29.) 

SincER, Leopotp. Anorganische und organische Entfarbungs- 
mittel. Dresden 1929. pp. xii+ 251. M.21.50. (Reed. 12/7/29.) 

Unirep States. Institute for Government Research. The Bureau 
of Dairy Industry; its history, activities, and organization. By 
JENKS CAMERON. Baltimore 1929. pp. x + 74. 7s. net. (Reed. 
24/6/29. 

wae Ill. Pamphlets. 

Aumap, Magspty. A Persian translation of the eleventh century 
Arabic alchemical treatise ‘Ain as-San‘ah wa ‘Aun as-Sana‘ah. To 
which is annexed a note on the chemistry of the processes given 
in the treatise, by B. B. Datta. (From the Mem. Asiatic Soc. 
Bengal, 1929, 8.) 

AusTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Bulletin No. 42. A soil survey of Block E 
(Renmark) and Ral Ral (Chaffey) irrigation areas. By J. K. 
Taytor and H. N. Eneuanp. Melbourne 1929. pp. 51. ill. 
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Australia, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Pamphlet No. 12. ‘The cattle tick pest and 
methods for its eradication. Melbourne 1929. pp. 23. 

[Batavia.]. Proefstation voor Rubber. Mededeelingen. No. 32. 
Plasticiteitsbepalingen bij ruwe rubber. VI. Veranderingen in 
plasticiteit bij bewaren van de rubber. By Orto DE Varizs. 
Batavia 1928. pp. 12. 

No. 33. Over het conserveeren van latex met 
borax. By N. Beuméz-NrzuwLanpD. Batavia 1928. pp. 12. 
No. 34. Coagulatie-verschijnselen bij Hevea 
latex. VII. Verschijnselen in alkalische latex. By Orto pz 
Vaiss and N. Brumfz-NrzeuwLanD. Batavia 1928. pp. 18. 

No. 35. Room uit latex. II. Rubber bereid 
uit uitgewasschen room. By OrTo DE Vriss, R. RiEsi, and N. 
Brum&E-NIEUWLAND. Batavia 1928. pp. 17. 

No. 36. Rubbergehalte-bepalingen in latex 
geconserveerd met trinatriumphosphaat en formaline. By W. 
Spoon and N. Beuméx-NInUWLAND. Batavia 1928. pp. 16. 

No. 37. Coagulatieverschijnselen in Hevea-latex. 
VIII. Rubber verkregen door bevriezen van de latex.. By Orto 
DE Vrizs.and N. Bruméz-NIEUWLAND. Batavia 1928. pp. 11. 
No. 38. Onderzoekingen over den meeldauw 
bij Hevea Brasiliensis. By W. Bospmiorr. Batavia 1929. pp. 43. 
— No. 39. Onderzoekingen over de roode wortel- 
schimmel bij Hevea. By W. Bosmiorr. Batavia 1929. pp. 20. 
No. 40. Coagulatieverschijnselen in Hevea-latex. 
VIII. Invloed van eenige zwaarmetaalzouten op coagulatie en 
coalescentie. By Otto pE Vrigs and N. Brumiée-NrevwLanp. 
Batavia 1929. pp. 94. ill. 

No. 41. Over het arbeidsverbruik bij crepe- 
bereiding. By R. Rresi. Batavia 1929. pp. 20. 

No. 42. Slakken op Hevea. By R. MENzzEL and 
T. A. TenewatL. Batavia 1929. pp. 5. 

Berry, Pumip A. The estimation of cineol in eucalyptus oil 
with special reference to the crude oil obtained from Eucalyptus 
cneorifolia. (From the Australian J. Pharm., 1929.) ill. 

Berxuovut, P. J. Teprve van. Contribution a l’etude du méta- 
bolisme basal chez les habitants des tropiques. (From the Med. 
Dienst Volksgesondheid Ned.-Indie, 1929.) 

Burton, HaRowp, and INGoLD, CHRISTOPHER Ketk. The exist- 
ence and stability of free radicals. (From the Proc. Leeds Phil. 
Soc. (Sci. Section), 1929, 1.) 

CowarD, Husert Frank. Explosipility of atmospheres behind 
stoppings. (From the Trans. Inst. Min. Eng., 1929, 77.) 



































PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, November 7th, 1929, at 
8 p.m., Professor H. BRERETON Baker, C.B.E., D.Sc., F.R.S., Past- 
President, in the Chair. 

The CHarRMAN referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
George Bult Francis . 6th Nov., 1873. 6th Nov., 1929. 
Charles Francis Townsend 2nd Feb., 1888. 12th Aug., 1929. 
Thomas Barlow Wood 2lst April, 1898. 5th Nov., 1929. 


Mr. B. Dudley Sully was formally admitted a Fellow of the 
Chemical Society. 

Forms of recommendation for Fellowship were read for the first 
time in favour of : 


Alfred Edward Aldridge, 16, The Terrace, Wellington, New Zealand. 

Herbert Charles Baker, B.Sc., 22, Birchington Road, Kilburn, N.W. 6. 

Harry Barron, B.Sc., 25, Shore Road, Hackney, E. 9. 

Frank Philip Bowden, M.Sc., Ph.D., Gonville and Caius College, Cambridge. 

Stanley Edward Boxer, A.R.C.S., 24, Brigstock Road, Belvedere, Kent. 

Frederick Walter Canter, B.Sc., 165, Broadway, Hendon, N.W. 9. 

Francis Henry Swinden Curd, B.Sc., Sapperton, Upper Park, Loughton. 

John Farquharson, B.Sc., A.I.C., 35, Guilford Street, W.C. 1. 

Dorothy Lilian Fox, B.Sc., The Laurels, Creynolds Lane, Monk’s Path, 
Birmingham. 

Alfred Harold Holden, B.Sc., 7, Stratford Avenue, Rochdale. 

Auguste Victor Keller, Kelacoma Laboratories, Broadwater Road, Welwyn 
Garden City. 

Ellis Lloyd, B.Se., Ph.D., Christ’s College, Cambridge. 

Robert Winstanley Lunt, M.Sc., Ph.D., University College, Gower Street, 
W.C. 1. 

Alexander Mackie, B.Se., Ph.D., The Woodlands, Crescent Road, Crumpsall, 
Manchester. 

Elizabeth Esther Jessie Marler, B.Sc., 4, Edith Road, Kensington, W. 14. 

Alfred Ronald Martin, B.Sc., 18, Osborne Road, Forest Gate, E. 7. 

Fagir Chand Mathur, M.Sc., Siddeshwari Bhawan, New Delhi, India. 

Thakorghai Naranji Mehta, B.A., B.Sc., 24, Queensborough Terrace, W. 2. 

James Midgley, M.Sc., A.I.C., Scarsbrook, Natland Road, Kendal. 

Agnes Gellatly Mitchell, B.Sc., 26, Ferry Road, Monifieth, Angus. 

Walter Mitchell, B.Sc., Southbank, Errol, Perthshire. 

James Robertson Myles, B.Sc., The Gorse, Barnhill, Broughty Ferry, Angus. 
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Donald Waring Powell, B.Sc., 113, Muswell Hill Road, N. 10. 

Francis Thomas Garnet Prunty, 32, Crediton Hill, N.W. 6. 

Patrick Dunbar Ritchie, B.Sc., 3, Nelson Terrace, Dundee. 

Conmar Robinson, Ph.D., A.I.C., 9, Bigwood Road, Hampstead Garden 
Suburb, N.W. 11. 

Ernest Woodhouse Smith, D.Sc., F.I.C., Bradda, Manor Road, Cheam. 

Wilfrid Devonshire Spencer, B.Sc., Ph.D., Norton Hall, Norton-on-Tees. 

Richard John Stephenson, B.Sc., 85, Vicarage Lane, Seven Kings, Ilford. 

Adipudi Vasundhara, B.A., 4, Stanhope Road, Highgate, N. 6. 

Clifford Rex Wright, A.R.C.S., 20, Lansdowne Road, Luton, Beds. 


The following papers were read : 


“The nitration of aromatic thiocyanates.” By F. CHALLENGER, 
C. Hieernsortom, and A. HuntineTon. 

“Studies of the boron-carbon linkage. Part I. The oxidation and 
nitration of phenylboric acid.” By F. CHALLENGER and A. D. 
AINLEY. 

“The oxidation of «-terpinene with benzoylhydroperoxide.” By 
L. A. Exson, C. S. Grsson, and J. L. Smwonsen. 

“The constitution of cryptal.” By A. R. Penrotp and J. L. 
SIMONSEN. 





Ordinary Scientific Meeting, Thursday, November 21st, 192%. at 
8 p.m., Professor J. F. Toorpr, C.B.E., D.Sc., F.R.S., President, in 
the Chair. 


The PrestpENT referred to the loss sustained by the Socicty, 
through death, of the following Fellows : 
Elected. Died. 


Clement Ward Lowe Dee. Ist, 1910. Nov. 7th, 192%. 
Samuel Rideal Dec. 7th, 1882. Nov. 13th, 1929. 


The following announcements were made : 

1. The Council had received with thanks the offer to present a 
Silver Mace to the Society from Mr. Ayerst Henham Hooker, F.1., 
on completing his jubilee as a Fellow. 

2. Delegates would represent the Society for the year 1950 as 
follows : 

Professor C. S. Gibson, Mr. A. J. Greenaway, Dr. J. 7. 
Hewitt, and Professor G. T. Morgan, together with the 
Treasurer (ex-officio), on the Bureau of Chemical Abstracts. 

Professor C. 8. Gibson, Sir William J. Pope, and Professor 
J. F. Thorpe on the Federal Council for Chemistry. 

Professor A. J. Allmand, Professor J. Kendall, and Professor 
F. G. Donnan on the Editorial Board of the Journal of Physical 
Chemistry. 
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3. A Conference on Vapour Absorption and Adsorption organised 
by the Institution of Chemical Engineers would be held in the Rooms 
of the Chemical Society on Thursday and Friday, December 5th and 
6th, 1929, at 10.30 a.m. and 2.30 p.m. on each day. 

4. The Report of the Joint Chemical Patents Committee on 
British Patent Law Reform would be published early next year by 
the Association of British Chemical Manufacturers. Fellows 
desiring to purchase this Report, to be sold at about 1s. per copy, 
should apply to Mr. J. Davidson Pratt, Secretary of the Joint 
Chemical Patents Committee, at the Association of British Chemical 
Manufacturers, 166, Piccadilly, London, W. 1. 


Forms of recommendation for Fellowship were read for the first 
time in favour of : 


Kathleen Mary Collier, 85, Worple Road, Wimbledon, S.W. 19. 

Hugh Bouvard Fraser, B.Sc., 32, Lansdowne Crescent, Holland Park, W. 11. 

Robert Gaddie, B.Sc., Laguna, Eskbank, Dalkeith, Midlothian. 

Heizaburo Kondo, Prof., Pharmaceutical Institute, Imperial University, Tokyo. 

Ernest Leton, 60, Brondesbury Park, N.W. 6. 

Cecil Graham Traquair Morison, M.A., Pinsgrove, Hinksey Hill, Oxford. 

Gordon Van Praagh, B.Sc., 15, Langland Gardens, Hampstead, N.W. 3. 

Elsie Ramsden, B.Se., Lyddon Hall, Virginia Road, Leeds. 

George A. Robertson, 146, Holland Street, Glasgow. 

Syed Unwar Ullah, B.Sc., c/o 8S. A. Manzar, Esq., B.A., Patna, Bihar and 
Orissa, India. 

John Hulton Wolfenden, M.A., Exeter College, Oxford. 


The following forms of recommendation for Fellowship have been 
authorised by the Council for presentation to ballot under Bye-Law 
I (2): 

Robert Bienaimé, 141, Avenue du Roule, Neuilly-sur-Seine. 

William Chalmers, M.A., McGill University, Montreal. 

Ernest Fourneau, Institut Pasteur, 26, Rue Dutot, Paris. 

John Horne Gillies, 1, Elmwood Avenue, Norwood, Delaware, Co., U.S.A. 

Wilhelm Gluud, Prof., Dr.Phil., 15, Preussischestrasse, Dortmund, Germany. 

John Keene, Dr.Chem., 22, Corso Cavallotti, San Remo. 

Jnan Ranjan Sanyal, B.Sc., 239, 37th Street, Rangoon. 

Joseph John Sullivan, Prof., S.J., M.A., Ph.D., Boston College, University 
Heights, Chestnut Hill, Mass., U.S.A. 


The following papers were read : 


“The rotatory dispersion of organic compounds. Part XIX. The 
validity of Drude’s equation.” By T. M. Lowry. 

“The influence of the sulphur atom on the reactivity of adjacent 
atoms or groups. Part III. 38- and ¢-Chlorosulphides.” By 
G. M. Bennett, F. Heatrucoat, and A. N. Mossgs. 

“Studies in the penthian series. Part II. Penthian-4-one.” By 


G. M. BennETT and W. B. WappINeToN. 
* 
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“ Studies in the penthian series. Part III. Stereoisomeric deriv- 
atives of some penthianols.”” By G. M. Bennerr and W. B. 
WADDINGTON. 

‘* A new interpretation of the isomerism amongst co-ordination com- 
pounds of platinum.” By F. G. Ancet, H. D. K. Drew, and 
W. WaRDLaw. 





SECOND LIVERSIDGE LECTURE. 


The second Liversidge Lecture, entitled “Surface Forces and 
Chemical Equilibria,” will be delivered by Professor Dr. H. Freund- 
lich, of Berlin, on Thursday, December 12th, 1929, at 5.30 p.m., in 
the Meeting Hall of the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, 8.W.1. (by kind permission of the 
Council of that Institution). Tickets of admission will not be 
required. 





ANNUAL REPORTS ON THE PROGRESS OF 
CHEMISTRY. 


The price of the Annual Reports for 1929, Volume XXVI, will 
be 5s. 6d. to those Fellows who apply by December 31st, 1929. 
Application, accompanied by a remittance, should be made to 


the Assistant Secretary. 





THE LIBRARY. 


The Library will be closed for the Christmas Holidays from 
Tuesday, 24th December, to Saturday, 28th December, inclusive. 





List of Papers, ot Abstracts thereof, received between October 17th 
and November 21st, 1929. (This List does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal) : 


“Some intermolecular halogenations.” By H. H. Hopason and 
A. KERSHAW. 

“‘ Studies in the sterol group. Part VIII. The reactions of 1so- 
ergosterol.” By I. M. Hersron and F. 8. Sprinea. 

** Colloidal phenoxides. PartI. The relation between constitution 
and colloidal properties.” By W. Baxzr and F. M. Eastwoop. 

“On active nitrogen. Part VII. Further studies on the decay 
of the nitrogen afterglow.” By E. J. B. Witey. 

“The interfacial tensions between paraffin and some aqueous 
phases.” By R. L. HamBripcE and W. Huaues. 
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“The stereoisomeric 2:3: 5: 6-tetramethylpiperazines. Part I.” 
By F. B. Kiprre. i 

“The estimation of nicotine.” By F. D. Caatraway and G. D. 
PARKES. 

“The interaction of nitroamines with sulphonyl chlorides.” By F. 
BELL. 

“The nitration of 8-naphthylamine.” By F. BELL. 

“The interaction of sodamide and alkyl iodides with acetophenone 
and its homologues.” By A. RussELL. 

“The pyrophosphate method for the determination of magnesium 
and the temperature of dissociation of magnesium ammonium 
phosphate.” By 8S. 8. Mrmotic. 

“The halogenation of phenolic ethers and anilides. Part I. The 
bromination of ethers in 50% acetic acid.” By A. E. Brap- 
FIELD, B. Jonzs, and K. J. P. Orton. 

“ The reactions of malonic esters with formaldehyde. PartI.” By 
K. N. WEtca. 

“Modification of Beilstein’s test for halogens in organic com- 
pounds.” By K. N. WeEtca. 

“Low-temperature oxidation. Part II. The ignition of some 
hydrocarbons in oxygen.” By J. 8. Lewis. 

“The formation of periodic structures by salting-out and by coagul- 
ation.” By E. 8. Hepess. 

“Compounds of the thioparaldehyde type derived from chloral.” 
By F. D. Caartaway and E. G. Ke.vert. 

“The argentothiosulphuric acids and their derivatives. Part I. 
The preparation of the sodium salts and the isolation of mono- 
argentomonothiosulphuric acid.’”’ By H. Barzs. 

“The partial esterification of polyhydric alcohols. Part X. The 
discovery of the first true 8-glyceride, and the unreliability of the 
supposed structures of certain diglycerides.”’ By A. FarRBOURNE. 

“dl-8-Phenylisopropylamine and related compounds. Co-ordin- 
ation in the «-oximinoketones.” By D. H. Hay. 

“The interaction of butyl chloral hydrate and 2 : 4-dihalogen-sub- 
stituted phenylhydrazines.” By F. D. Caarraway and H. 
IRvING. 

“The cis—trans-ethenoid transformation.” By G. R. CiEmo and 
S. B. Granam. 

“Attempts to find new anti-malarials. Introduction.” By G. 
BarceR and R. Rosrnson; and “ Part I. Some pyrrolo- 
quinoline derivatives.”’ By (Mrs.) G. M. Rosprnson. 

“Attempts to find new anti-malarials. Part II. Aminoalkyl 
quinolinium salts and some related substances.” By T. R. 
SESHADRI. 
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“‘ Attempts to find new anti-malarials. Part III. Some substi- 
tuted aminoalkylaminoquinolines.” By A. W. BaLpwin. 
“Attempts to find new anti-malarials. Part IV. §-Benzimin- 
azolylethylamine and §-5(or 6)-ethoxybenziminazolylethyl. 

amine.” By B. CHATTERJEE. 

“* The solubility of potassium selenate in water between 0° and 100°.” 
By J. A. N. FRIEND. 

“Natural glucosides. Part I. The constitution of phloridzin.” 
By F. R. Jonson and A. ROBERTSON. 

“‘ Properties of conjugated compounds. Part VIII. The additive 
formation of cyclohexenes: A reply.” By F. H. Farmer and 
F. L. WARREN. 

“ The mechanism of cyanoacetamide and cyanoacetic ester condens- 
ations.” By C. K. INeoxp. 

** A synthesis of anthraquinones.’ 
Foster. 

“‘Harmine and harmaline. Part X. The synthesis of 7- and 
8-methoxyketotetrahydro-8-carbolines and the constitution of 
acetylharmaline.” By H. 8S. B. Barrert, (the late) W. H. 
PERKIN, jun.,.and R. RoBrnson. 

“*6 : 7-Dimethoxyisatin, 5 : 6-methylenedioxyisatin, and the nuclear 
degradation of 3:4-methylenedioxyquinoline.” By J. M. 
GuULLAND, R. Rosrnson, J. Scott, and 8. THORNLEY. 

* Stereoisomerism of disulphoxides and related substances. Part V. 
The dioxides of 3: 5-dimethylthiolbenzoic acid.” By E. V. 
Bex and G. M. BENNETT. 

‘* Pellitorine, the pungent principle of Anacyclus pyrethrum.” By 
J. M. Gutianp and G. U. Hopton. 

“An investigation into the formation of 4(5)-aminoglyoxalines. 
Part I.” By I. E. Bauapan. 

‘* Some characteristic colour reactions of certain diamino- and nitro- 
amino-diphenyl mono- and di-sulphides.””. By H. H. Hopeson 
and W. ROSENBERG. 

‘* Nitrations of 2- and 4-nitrophenylpiperidines.” By R. J. W. Lz 
FEVRE. 

“Sugar carbonates. Part IV. The dicarbonates of glucose, 
fructose, mannose, galactose, and arabinose.” By W. N. 
Hawoerts and C. R. Porter. 

‘‘Tsolation of crystalline «- and §-ethylglucofuranosides (-y-ethyl- 
glucosides) and other crystalline derivatives of glucofuranose.” 
By W. N. Haworts and C. R. Porter. 

‘* The absorption spectra of diphenyl and some derivatives.”’ By 
T. C. C. Apam and A. RussELL. 


? 


By A. Farrpourne and G. E. 
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“The measurement of the dielectric constants of organic liquids.” 
By A. O. Bat. 

“The hydrides of boron.” By B. D. Steere and J. E. Mis. 

“Dehydration of copper suiphate, CuSO,,5H,O.” By W. E. 
GARNER and M. G. TANNER. 

“ Acid and salt effects in catalysed reactions. Part XXIII. The 
catalytic activity of acid salts with reference to the catalytic 
effects produced by potassium hydrogen oxalate in the acetone 
iodine reaction.”” By H. M. Dawson and J. E. Smrra. 

“The formation of iron pentacarbonyl from coal gas under pressure 
at the ordinary temperature.” By J. 4. N. Frrenp and R. H. 
VALLANCE. 

“The routine preparation of conductivity waters. Part II.” By 
J. M. Stuart and F. WoRMWELL. 

“Comparison of some physical constants of thiocyanate, azide, and 
nitrite solutions.” By P. Ginter and W. PERSCHKE. 

“Note on the structure of the isomeric methyl ferrocyanides.” By 
S. GLASSTONE. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
BALLOT WILL BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, DECEMBER 
5th, 1929. 


ALDRIDGE, ALFRED EDWARD, Kelbin Chambers, 16, The Terrace, Welling- 
ton, New Zealand. British. Consulting Chemist, Bacteriologist. 1912- 
1918, Pharmaceutical Chemist, qualifying Ph.C. end of war (attendance at 
Technical College and private tuition). 1920-1922, Research work for Wood 
Distillation Company. 1922-1927, General Industrial Laboratory experience. 
1927-1929, Biochemical and Bacteriological training in Laboratory of Christ 
Church Public Hospital. Attendance at University for additional training. 
1929, Private Practice as Industrial Chemist, etc. (Signed by) W. Donovan, 
Stephen B. Bowyer, R. L. Andrew. 

BakER, HERBERT CHARLES, 22, Birchington Road, Kilburn, N.W. 6. 
British. Research Chemist. B.Sc. (University Coll. London). Wish to keep 
in touch with modern developments. (Signed by) H. Terrey, W. Bradley, 
K. R. Krishnaswami. 

BaRENT, Marx, 29, Victoria Park Square, E.2. British. Research 
Student. B.Sc. (London). One year’s research at University College. 
(Signed by) Robert Robinson, T. R. Seshadri, K. N. Menon. 

Barron, Harry, 25, Shore Road, Hackney, E.9. British. Research 
Chemist. B.Sc., lst Class Hons. Chem. (East London College). (Signed by) 
J. R. Partington, W. H. Patterson, D. C. Jones. 

BowpEn, FRANK Puiiir, Gonville and Caius College, Cambridge. British. 
Research. M.Sc. (Tasmania); Ph.D. (Cambridge); A.Inst.P. Demon- 
strator in Physics, Tasmania Univ., Overseas 1851 Exhibitioner, International 
Research Fellow, Senior 1851 Exhibitioner. Papers published (mainly on 
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Interfacial Potentials) : Phil. Mag., 1, 1282, 1926 (with A. L. McAulay); Proc. 
Roy. Soc., A, 120, 59, 1928, and 120, 80, 1928 (with E. K. Rideal), and A, 125, 
446, 1929; Trans. Farad. Soc., 28, 571, 1927; 24, 473, 1928. J.C.S., 127, 
2605, 1925 (with A. L. McAulay). (Signed by) T. M. Lowry, Eric K. Rideal, 
A. F. H. Ward. 

Boxer, STANLEY Epwarp, 24, Brigstock Road, Belvedere, Kent. British. 
Research Student. A.R.C.S. [Lond.] Qualified for B.Sc. Hons. (Lond.) in 
1930. Proceeding to Ph.D. Degree by Research in Organic Chemistry. 
(Signed by) Jocelyn Thorpe, R. P. Linstead, A. A. Goldberg. 

Briees, Lriypsay Heatucote, Massey Agricultural College, Palmerston 
North, New Zealand. British. Student. M.Sc. (Hons.). Lecture Demon- 
strator, Auckland University College, N.Z., 1928. Papers: ‘‘ The Sesquiter- 
pene Alcohol of the Oil of, Eucalyptus, nova Angelica,’’ J. Soc. Chem. Ind., 
1928, 47, 3237. ‘* The Chemistry of Aromadendrene,”’ Part I, J.C.S., 1928, 
2524. ‘“‘ The Oxidation of Dipinene,”’ J.C.S., 1928, 3118. (All papers with 
W. F. Short.) (Signed by) F. P. Worley, W. F. Short, F. H. McDowall. 

BriGHTMAN, JoHN HENRY, Glencairn, 102, Hodford Road, Golder’s Green, 
N.W. 11. British. Civil Servant (Examiner in H.M.. Patent Office). B.Sc. 
Glasgow. Examiner in charge of Class 72, iron and steel manufacture, in H.M. 
Patent Office. Science Master before entering Patent Office. Anti-Gas 
Officer during war, and from July to Dec. 1918 acting British Adviser to the 
Chemical Warfare Service, United States Army. (Signed by) Allan Domleo, 
O. J. W. Napier, James G. Fife. 

CANTER, FREDERICK WALTER, 165, Broadway, Hendon, N.W.9. British. 
University Student. B.Sc. [lst Class Hons. Chem.], London, 1929. (Signed 
by) J. R. Partington, A. Robertson, D. C. Jones. 

CuiFrFE, WitFRID HERBERT, 1, Main Avenue, Levenshulme, Manchester. 
British. Technical Representative (Refractory Materials). Research on 
Dyestuffs, Intermediates, Synthetic Drugs, etc., from 1922 to 1927 at the 
British Dyestuffs Corporation (Blackley), Ltd., Manchester. For some time 
Analyst to the Research Dept. Now connected with manufacturers of Re- 
fractory Materials. (Signed by) E. H. Rodd, W. A. Silvester, F. W. Linch. 

Curb, Francis HENRY SWINDEN, Sapperton, Upper Park, Loughton, Essex. 
British. Research Student in Organic Chemistry. B.Sec., Second Class 
Honours. East London College. (Signed by) J. R. Partington, A. Robertson, 
F. E. King, D. C. Jones. 

Davies, WAtTER CULE, 9, Grove Place, Penarth, Glam. British. Lec- 
turer in Chemistry, University College, Cardiff. First Class Honours Chemis- 
try 1926; B.Sc. (Wales); Ph.D. (in Chemistry) 1929; Joint Author of the 
two following papers : ‘‘ Tertiary Phosphines containing the n-Butyl Radical,” 
J.C.S., 1929, p. 33. “Tertiary Phosphines containing the Higher Alkyl 
Radicals,’’ J.C.S., 1929, p. 1262. (Signed by) W. J. Jones, 8. T. Bowden, 
E. P. Perman. 

Duce, CHARLES Epwarp, “ Elsonia,’’ Eling Lane, Totton, Southampton. 
British. Works Manager and Chief Chemist. 15 Years study and manipul- 
ation of Asphalts and Bitumens, specialising in Cuban (Native) Asphalt. 
(Signed by) E. 8. Shrapnell-Smith, Frank Smith,.T. M. Nightingale. 

FAaRQUHARSON, JoHN, Clyde House, 35, Guilford Street, W.C. 1. British. 
Research Chemist. B.Sc. Aberdeen, A.I.C. Two years’ research experience 
at Aberdeen University. At present engaged in research at University College, 
London. Desire to receive publications and to attend meetings. (Signed by) 
F. G. Donnan, S. Barratt, W. Rogie Angus. 

Fox, Dorotny Liman, The Laurels, Creynolds Lane, Monk’s Path, nr. 
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Birmingham. British. Research Student at Bedford College. B.Sc. Gen. 
Hons. 1927, B.Sc. Hons. Chem. 1928 (London). I wish to receive the 
Journal and to attend meetings of the Society. (Signed by) James F. Spencer, 
E. E. Turner, J. Cattermole. ; 

GoTHARD, HENRY ALEXANDER SHERWIN, Verbena, Southlands Road, 
Bickley, Kent. British. Full Technologist. Specialising in the combustion 
and pre-treatment of Kent coal, in particular that from the ‘‘ Snowdown Deep 
Seam.’ Author of “ Pulverised Fuel Firing,”’ a paper read before Inst. Chem. 
Engs. (Graduates and Students Section), April 26, 1929. (Signed by) R. 
Lessing, C. 8. Garland, J. W. Hinchley. 

GRAYMORE, JOHN, “ Sunrising,’’ Lincoln Road, Newark, Notts. British. 
Teacher. M.Sc. (Lond.), A.I.C. Senior Lecturer in Science, Newark Tech- 
nical College, 1927-1929. (Signed by) F. 8. Kipping, E. B. R. Prideaux, J. B. 
Firth. 

GREENE, FRANK ARNOLD, 50, Clifton Hill, St. John’s Wood, N.W. 8. 
British. Chemical Engineer. M.I.Mech.E., M.I.E.E., M.I.Chem.E. In 
practice as consulting chemical engineer. (Signed by) Jocelyn Thorpe, E. F. 
Armstrong, Francis H. Carr. 

HELLESTRAND, Oscar VINCENT, 133, St. George’s Road, Bexley, New South 
Wales. British subject. Dietitian to Sanitarium Health Food Co. Diploma 
from Sydney Sanitarium, which includes Physiology, Anatomy, Organic 
Chemistry, Dietetics, and allied subjects. I desire to join the Society to keep 
in touch with recent researches in Chemical Science. In addition to my 
Diploma work, I have studied the Chemistry of foods at the Dupain Institute 
for one year, and am at present a student doing further work in Chemistry 
at the Sydney Technical College. (Signed by) Spencer C. G. Moon, George Z. 
Du Pain, Robt. Grant. 

Hersant, Eric Frank, 1, Prince of Wales’ Crescent, Chalk Farm, N.W. 1. 
British. Research Student. B.Pharm. (London). Pharmaceutical Chemist 
at present engaged on Research in the Laboratories of the Pharmaceutical 
Society as Ransom Research Fellow. (Signed by) Wilfrid H. Linnell, T. E. 
Wallis, F. H. Lowe. 

HoLpENn, ALFRED HAROLD, 7, Stratford Avenue, Rochdale, Lancs. British. 
Works Chemist and part-time Lecturer (Technical School, Rochdale). B.Sc. 
Special (Chemistry), London, by reading at University College, Nottingham. 
(Signed by) F. 8. Kipping, E. B. R. Prideaux, J. B. Firth. 

Hunter, Duncan, 110, Harlaxton Drive, Nottingham. British. Born 
Retford (Notts), May 21st, 1892. Manager of Messrs. Linium Products Syn., 
Ltd., Friar Street Works, Nottingham. Research in connection with the 
preparation of cuprammoniacal solutions of cellulose by new methods and the 
usage thereof in the manufacture of artificial silk, wool, hair, and other cellulose 
derivatives; also the preparation of hydro-cellulose from various fibres. 
1923-1929, with the above-mentioned firm. Member of Society of Chemical 
Industry since 1925. (Signed by) T. K. Walker, O. Rhys Howell, W. H. 
Pennington. 

JEFFERY, RoBERT Ewen, 9, Greycliffe Avenue, Vaucluse, New South Wales. 
British. Managing Director. Bardsley’s, Ltd., Manufacturing Chemists, 431, 
Kent Street, Sydney. Associate, Australian Chemical Institute. President, 
Sydney Technical College Chemical Society. (Signed by) Richard W. Challinor, 
Robert Grant, A. W. Oke, A. R. Penfold. 

Ketter, AuGuste Victor, Kelacoma Laboratories, Broadwater Road, 
Welwyn Garden City, Herts. British. Technical Director. Patentee of 
several Chemical and other patents. Desirous of consulting the library and 
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keeping in touch modern developments. (Signed by) James Taylor, H. C. 
Roberts, Edgar W. Foll. 

Kuropa, Miss Curka, 970, Minami-Somei, Sugamo, Tokyo. Japanese. 
Professor of the Tokyo Higher Normal School for Women; Associate of the 
Institute of Physical and Chemical Research. Doctor of Science (Tohoku 
Imperial University, Sendai, Japan). Studies on the organic colouring 
matters; two years’ research in Organic Chemistry under Prof. W. H. Perkin 
at Oxford University. ‘‘ Derivatives of Phthalonic Acid, 4 : 5-Dimethoxy- 
phthalonic Acid and 4: 5-Dimethoxy-o-tolyl-glyoxylic Acid”? (J.C.S., 128, 
2094, 1923). (Signed by) Joji Sakurai, E. Hope, Riko Majima. 

Levy, LEOPOLD FERDINAND, University College, London, and c/oI. A. Harris, 
27, Wilmot Road, Downhills Park, N.17. British. Research Student. 
M.Sc. with distinction. Two years’ research work in Organic Chemistry at 
the University of the Witwatersrand, Johannesburg, South Africa. (Signed 
by) J. A. Wilkinson, Henry Stephen, O. G. Backeberg, R. Robinson. 

Luioyp, Exuts, Christ’s College, Cambridge. British. Research Student, 
B.Sc. (Wales); Ph.D. (Wales). Research on “‘ Equilibrium between Alcohols 
and Salts, Part II,” J.C.S., 1928, 658. (Signed by) T. M. Lowry, Eric K. Rideal, 
D. C. Jones. 

Lunt, RoBert WINSTANLEY, University College, Gower Street, London, 
W.C.1. British. Hon. Lecturer in Chemistry, University College, London. 
M.Se., Ph.D. (Liverpool). Communications mainly relating to reactions in 
electric discharges (some in collaboration) : Proc. Roy. Soc., A, 108, 172, 1925; 
J.C.S., 1925, 127, 2050; 1927, 857; 1929, 1712; Phil. Mag., XLIX, 1238, 
1925; II, 314, 1926; III, 1025, 1927; Trans. Farad. Soc., 28, 57, 1927; 
“* The Dielectric Constants of Benzene, etc.,’’ Proc. Roy. Soc., A (in the press). 
(Signed by) F. G. Donnan, H. Terrey, L. F. Gilbert. 

Macxkig, ALEXANDER, The Woodlands, Crescent Road, Crumpsall, Man- 
chester. Scottish. Chemist. B.Sc. (2nd Class Honours) and Ph.D. 
(Edinburgh), A.I.C. Assistant in Chemistry, University of Edinburgh, 
1928-1929. Joint publications: ‘‘ Alternating Reactive Positions in the 
Nucleus of tert.-Butylbenzene,” J.C.S., 1928, 2334; ‘“‘ The Nitration of 
m-Acetamido-tert.-Butylbenzene,’’ J.C.S., 1929, 476. (Signed by) John B. 
Shoesmith, H. Gordon Rule, J. A. V. Butler. 

McLeop, ALBERT REGINALD, T. & G. Building Elizabeth Street, Sydney, 
N.S.W., Australia. British born. Research Chemist for Chiller’s Ltd. Mem. 
of the Government Transport Board. M.B., M.D., C.M., Queen’s—Toronto 
(1909); Scholar Boston Univ. (1907); Scholar Univ. of Chicago (1906); Dip. 
Anal. Chem. (1905); F.R.M.S. (1905) London; Fell. Science, London (1905). 
Knight Ord. Hesse, “‘ Officer’’ Order of St. John. Some time Capt. and Hon. 
Major, A.I.F. Some time Capt. R.A.M.C. (Signed by) A. W. Dye, George 
Z. Du Pain, Edmond Samuels. 

Mattocu, JoHN Gorpon, University of Alberta, Edmonton, Alberta, 
Canada. Canadian. Research Assistant in Plant Biochemistry. B.Sc. 
(Alberta, 1924); M.Sc. (Alberta, 1926); Ph.D. (Minnesota, 1928). Appointed 
assistant in charge of research in cereal chemistry, Department of Field Crops, 
University of Alberta 1924, and as research assistant in charge of the Plant 
Biochemistry Laboratories of that department in 1927. (Signed by) Alfred E. 
Macintyre, Alfred Tingle, Frank T. Shutt. 

MARLER, ELIzABETH EstTHER JESSIE, 4, Edith Road, Kensington, W. 14. 
British. Research Student. B.Sc. Hons. Chemistry], Bedford College, London. 
I wish to receive the Journal and attend the meetings of the Society. (Signed 
by) James F. Spencer, E. E. Turner, R. V. Henley. 
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MARSHALL, FREDERICK CEecIL BARRON, 91, Calabria Road, N. 5. British. 
Chemist. B.Sc. (London), Ist Class Honours. Student for 4 years. Since 
matriculating at Northern Polytechnic, Holloway, under Dr. T. J. Drakeley. 
Desire to study under Dr. R. F. Hunter of Imperial College for Ph.D. by 
research. (Signed by) T. J. Drakeley, H. J. S. King, R. F. Hunter. 

Martin, ALFRED RoNALD, 18, Osborne Road, Forest Gate, E. 7. British. 
Research Student. B.Sc. (London), (lst Class). Research Student in Organic 
Chemistry. (Signed by) J. R. Partington, D. C. Jones, A. Robertson. 

Maruias, OWEN, c/o The British India Corporation, Ltd., Cawnpore, India. 
Home address: ‘‘ Glenvilla,’’ 28, Stanley Road, Whalley, Whalley Range, 
Manchester. Welsh. Chief Chemist, British India Corporation, Ltd. B.Sc. 
Tech. (2nd Hons.); M.Se.Tech.; A.I.C. 1922-1923 Research under Dr. F. M. 
Rowe, for M.Sc. by presentation of thesis on ‘‘The Action of Formaldehyde 
in Acid, Neutral, and Alkaline Solutions on ar.-Tetrahydro-a-naphthylene.” 
1923-1924 continued research with Dr. Rowe, until obtained industrial situ- 
ation. 1924-1925 Works Chemist, Hillcrest Oil Co., Clayton, Manchester. 
1925-1927 Asst. Chemist, Rivers Dept. (Davyhulme Sewage Works), Man- 
chester Corporation. 1927-1929 Research Chemist, B.I.C., Ltd., Cawnpore. 
1929 appointed Chief Chemist, B.I.C., Ltd., Cawnpore. (Signed by) F. M. 
Rowe, Frank Lee Pyman, John K. Wood. 

MarxHur, Faqrr CHAND, Siddeshwari Bhawan, New Delhi, India. Indian. 
Research Student. M.Sc. (Punjab) India. (Signed by) R. Robinson, 
R. J. W. Le Févre, O. L. Brady. 

Meuta, THAKORGHAI NARANJI, 24, Queensborough Terrace, W. 2. Indian. 
Student. B.A. (Ist Class Hons. Bombay), B.Sc. (2nd Class, Bombay). 
(Signed by) Jocelyn Thorpe, E. H. Farmer, R. D. Desai. 

Mipeitey, James. ‘“ Scarsbrook,’? Natland Road, Kendal. British. 
Science Master. B.Sc., M.Sc. (Leeds). A.I.C. Sept. Ist, 1914 to Nov. 8th, 
1915, Lecturer in Chemistry, Dewsbury Technical College. Nov. 8, 1915 to 
Feb. 1916, in charge of Works Laboratory, Brotherton & Co., Stourton Works, 
Leeds. Feb. 1916 to June 1918, Acids Manager, H.M. Factory, Litherland, 
Liverpool. June 1918 to Oct. 1920, Research Chemist, British Dyes, Ltd., 
Huddersfield. May 3rd, 1921 to present time, Senior Science Master, Stramon- 
gate School, Kendal. (Signed by) H. M. Dawson, W. Lowson, W.A. Wightman. 

MitteR, Ernest Joun, 128, Lozells Road, Handsworth, Birmingham. 
British. Research Chemist. B.Sc. (Hons.), Birmingham. Plus 3 years 
research. Ph.D. exam. will be taken this October. Publications: ‘‘ The 
Structure of the Normal and y-Forms of Tetramethyl Glucose. Oxidation of 
Tetramethyl 5- and y-Gluconolactones ”’ (J.C.S., 1927, 2436-2443). (Signed 
by) E. L. Hirst, H. D. K. Drew, H. G. Bott. 

MrTcHELL, AGNES GELLATLY, 26, Ferry Road, Monifieth, Angus, Scotland. 
British. Research Student. B.Sc. (St. Andrews) with Ist Class Hons. in 
Chemistry. Carnegie Research Fellow. Publications: Biochem. Zeit., 1929, 
208, 456,471. (Signed by) Alex. McKenzie, John D. M. Ross, Isobel A. Smith, 
Robert Roger. 

MitcHELL, WALTER, Southbank, Errol, Perthshire, Scotland. Scottish. 
Research Student. B.Sc. (lst Class Hons. in Chemistry), University of St. 
Andrews. Carnegie Research Fellow. (Signed by) Alex. McKenzie, John 
D. M. Ross, Isobel A. Smith, Robert Roger. 

Morean, ARTHUR WILLIAMS, 21, Conduit Road, Bedford. British. Pharm- 
acist. Principal, The Bedford Drug Co., Manufacturing and Retail Chemists, 
Bedford. Principal, Morgan & Frank, Opticians, Bedford. Pharmaceutical 
Society’s Qualifying examination. Interested in Chemical Analysis. Studied 
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at Birmingham Technical Institute and at London College of Chemistry, 
(Signed by) Fred H. Webb, Chas. H. Maile, J. M. Edwards. 

Mytzs, James RosBertson, The Gorse, Barnhill, Broughty Ferry, Angus. 
Scottish. Research Student. B.Sc. (St. And.) with Ist Class Hons. in 
Chemistry. Carnegie Research Scholar. (Signed by) Alex. McKenzie, John 
D. M. Ross, Isobel A. Smith, Robert Roger. 

Pat, Basanta Kumar, Chemistry Department, Intermediate College, 
Mandalay, Burma. Indian. Lecturer in Chemistry; Intermediate College, 
Mandalay. Master of Science, Calcutta University, 1924. Student of the © 
Presidency College, Calcutta. Assistant Lecturer of Chemistry, University 
College, Rangoon, 1925-27. Lecturer of Chemistry, Govt. Intermediate 
College; Mandalay, since 1927. Have submitted research paper “‘ Sur Quel- 
ques Molybdates de Cobaltiammines et Quelques Molybdato-cobaltiammines,”’ 
Annales de Chemie, 1926. (Signed by) D. H. Peacock, Upo Shin, J. N. 
Mukherjee. 

PowELL, Donatp Warrne, “ Elmcroft,’’ 113, Muswell Hill Road, N. 10. 
British. Chemist. B.Sc., U.C.L. Thesis for M.Sc. in course of preparation. 
I wish to keep in touch with the latest developments of Chemistry. (Signed 
by) Henry Terrey, R. Robinson, K. R. Krishnaswami. 

Prunty, Francis THomas GARNET, 32, Crediton Hill, N.W.6. English. 
Student. I am a student at Trinity College, Cambridge, an exhibitioner of 
the College, and intend to become a biochemist. I wish to keep in touch 
with developments on the subject with an ultimate view to research, and 
desire access to the library and lectures accordingiy. (Signed by) Leslie 
N. Brown, Robert Robertson, F. M. Porter, W. Lester S. Alton. 

Rao, Basrur Sansiva, Central College, Bangalore, South India. Indian. 
Professor of Chemistry. B.A. and M.A., Madras University, India. Ph.D., 
London University. Teaching chemistry for the last thirteen years. Awarded 
a prize by the Mysore University for research in Chemistry. Usher and Rao 
(J.C.S., 1917, 111, 799). (Signed by) M. O. Forster, H. E. Watson, S. G. 
Sastry. 

RicHarps, Eric Samuet, 33, Price Street, Smethwick, Staffs. British 
Subject. Analytical Chemist. Certificates of U.E.I. for Chemistry and 
Metallurgy (Smethwick Technical College). One time Student at Smethwick 
and Aston Technical Schools, was assistant analytical Chemist at two works 
in Smethwick, and 34 years’ experience in a Public Analyst’s Laboratory, 
being a former pupil of Mr. J. Lones, F.I.C., F.C.S. (Signed by) V. S. George, 
Joseph Lones, Arthur Adams. 

Rireniz, Parrick Dunsar, 3, Nelson Terrace, Dundee. British. Re- 
search Student. B.Sc. (St. Andrews) with Ist Class Hons. in Chemistry. 
Carnegie Research Scholar. (Signed by) Alex. McKenzie, John D. M. Ross, 
Isobel A. Smith, Robert Roger. 

Rosryson, Conmar, 9, Bigwood Road, Hampstead Garden Suburb, N.W. 11. 
British. Research Chemist, Imperial Chemical Industries, Ltd. Associate 
of the Royal College of Science for Ireland; Ph.D. (Utrecht); A.I.C. Public- 
ations: ‘‘ Lyopilic Colloids and Poiseuille’s Law,’’ Kruyt and Robinson, 
Proc. Roy. Acad. Amsterdam, 27, 886 (1925); ‘‘ Lyotropy,’’ Kruyt and 
Robinson, Proc. Roy. Acad. Amsterdam, 29, 1244 (1926); ‘‘ The Lyotropic 
Series,’’ Dissertation, Utrecht (1929); ‘‘ Estimation of Nitro-bodies with 
Titanous Chloride,’’ Kolthoff and Robinson, Rec. trav. chim. des Pays-Bas, 
46, 169 (1926). (Signed by) Henry Terrey, Oswald J. Walker, R. J. W. Le 
Févre. 

Sau, RAMANLAL CHHAGANLAL, 21, Cromwell Road, South Kensington, 
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§.W. 7. British Indian. Research Student at University College, London. 
B.A., M.Se. (Bombay University). 1921-24, Research scholar at the Indian 
Institute of Science, Bangalore. Since 1924, Assistant Lecturer in Chemistry 
at the Royal Institute of Science, Bombay. Published two papers: (1) 
“Influence of s-Trinitrobenzene on Reactions involving Arylamines,”’ J. Ind. 
Inst. Sc., 1922, 29-35; (2) ‘* Condensation of Chloroform and Carbon Tetra- 
chloride with Aromatic Amines,”’ J. Ind. Inst. Sc., 1924, 205-223. (Signed 
by) Robert Robinson, K. N. Menon, R. D. Desai. 

SHARPLES, FRANK, 985, Middleton Road, Chadderton, Oldham. British. 
Chief Chemist, Messrs. J. Chadwick & Co., Oldham, Bleachers and Dyers. 
Assoc. M.C.T. I am desirous to become a Fellow of the Chemical Society 
in order to attend meetings, receive publications, and to use the Library. 
(Signed by) David Cardwell, John K. Wood, E. L. Rhead. 

SmirH, Ernest WoopHovusr, Bradda, Manor Road, Cheam, Surrey. 
British. D.Se., F.I.C. (Signed by) C. S. Gibson, Jocelyn Thorpe, Francis 
H. Carr. 

SPENCER, WILFRID DEVONSHIRE, Norton Hall, Norton-on-Tees, co. 
Durham. British. Appointment with Synthetic Ammonia and Nitrates, 
Ltd. B.Se., Ph.D. (London). Research Student at University College, 
London, 1927-1929. (Signed by) B. Topley, S. Barratt, F. G. Donnan. 

STANSFIELD, Rocer, 48, Virginia Avenue, Eden Terrace, Auckland, New 
Zealand. British. Employed in Chemical Laboratory of the Auckland Gas 
Co., Ltd. At present studying for B.Sc. degree and intend ultimately to pro- 
ceed to research. (Signed by) W. Frank Short, F. P. Worley, J. C. Andrews. 

STEPHENSON, RicHaRD JOHN, 85, Vicarage Lane, Seven Kings, Ilford, 
Essex. British. Research Student at East London College. B.Sc., 2nd 
Class Honours Chemistry. (Signed by) J. R. Partington, A. Robertson, 
W. H. Patterson, Roy B. Waters. 

TAYLOR, KATHERINE FRIEDA, 3, Woodland Place, Penarth, Glamorgan. 
British. Assistant, Dept. of Medical Officer of Health, Cardiff. B.Sc. (1st 
Class Honours); Ph.D. (Wales). Joint author of the following paper, J.C.S., 
1929, p. 1568. (Signed by) N. M. Cullinane, H. Ll. Bassett, W. J. Jones. 

TELFORD, ALFRED Pattinson, 140, Harrowby Street, Liverpool, S. 
British. Chief of Staff of firm of Alfred Smetham, Analytical Chemists. 
For eighteen years engaged in chemical work in the laboratory of the late 
Alfred Smethan, F.I.C., F.C.S., and F. Robertson Dodd, F.I.C., F.C.S., being 
now chief of the staff. Three years (war service) bacteriologist under Major 
W. Leslie Lyall, M.B., F.R.C.P., Australian Voluntary Hospital, Boulogne. 
(Signed by) F. Robertson Dodd, James Smith, C. Durham Garbutt. 

THOMPSON, FREDERICK CHARLES, 16, Springfield Mount, Leeds. British. 
Lecturer in Appl. Chemistry (Leather Manufr.), University of Leeds. M.Sc., 
Leeds. Member of teaching staff, Leather Industries Dept., University of 
Leeds, since 1913. Papers on Tannin Analysis, etc., in J. Soc. Leather Trades, 
Chem., 1921, 389; 1923, 394; 1926, 195, 405; and others. (Signed by) 
C. K. Ingold, J. W. Baker, H. Burton. 

TREMAIN, ALBERT REUBEN, c/o Australian Institute of Tropical Medicine, 
Townsville, North Queensland, Australia. Australian. Analytical Chemist 
and Bacteriologist. B.Sc. (Hon.), Melbourne, Australia. Major subjects 
Chemistry, Physiology and Bacteriology. I am at present employed as the 
Technical Assistant in the Commonwealth Health Laboratory at the above 
address. (Signed by) W. Davies, E. J. Hartung, W. Heber Green. 

TrustrRuM, FREDERICK THomas, 36, Fordwych Road, N.W.2. British. 
Schoolmaster. [Intermediate B.Sc., 1923, University College, London.] 





112 


* Teaching Chemistry to Matriculation Standard in private practice. Com. 
pleted four-year course of Honours, B.Sc. standard at University College, 
London, and Sir John Cass Technical Institute. (Signed by) F. G. Donnan, 
H. Terrey, L. F. Gilbert, Francis G. H. Tate. 

TWEEDY, SIDNEY CHARLES GUNTHER, 77, The Grove, Palmers Green, N. 13. 
British. Pharmacist. Assistant Pharmacist, St. Bartholomew’s Hospital, 
E, 6, 1899-1913. Lecturer, Wandsworth Tech. Inst. Pharmacy and Mat. 
Med., 1913-1914. Works Manager, Maw Son & Sons, 1913-1922. Ditto 
Sangers, 1922-1929. (Signed by) Edward Cahen, F. W. Crossley-Holland, 
J. Wicliffe Peck. 

VASUNDHARA, ApipupDI, 4, Stanhope Road, Highgate, N.6. Indian, 
Student of Chemistry. B.A. (Hons.) in Chemistry with Tinctorial Chemistry 
as special subject, from Madras, South India. Wish to attend the meetings 
of the Society and to receive the Journal. (Signed by) James F. Spencer, 
E. E. Turner, R. V. Henley. 

VickERY, Huperr Braprorp, Connecticut Agricultural Experiment 
Station, New Haven, Connecticut, U.S.A. . Canadian. Biochemist. B.A., 
Dalhousie, 1915; M.Sc., Dalhousie, 1918; Ph.D., Yale, 1922. Investigations 
of proteins, of the properties of amino-acids, and of methods for their separ- 
ation. Investigations of the nitrogenous substances occurring in plant cells. 
Lecturer on the Chemistry of Proteins at Yale University. Research 
Associate of the Carnegie Institution of Washington, D.C. (Signed by) R. K. 
Cannan, J. C. Drummond, John Pryde. 

Wricut, Ciirrorp Rex, “ The Lindens,’’ 20, Lansdowne Road, Luton, 
Beds. British by birth. Research Student. A.R.C.S. (2nd Class Hons.). 
Working for Diploma of the Imperial College by Organic Chemistry research. 
(Signed by) Jocelyn Thorpe, G. A. R. Kon, R. P. Linstead. 


The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 


BANERJI, ATULPATI, Medical Officer, Reformatory and Industrial School, 
Alipore, Calcutta. Hindu (Brahamin), Bengalee. L.M.F. (Bengal). Sub- 
Assistant Surgeon, State Medical Faculty (Bengal), Calcutta. I have a 
knowledge of Chemistry and Physics, both practical and theoretical, when I 
was a student of I.S.A. and also during my medical education at the Campbell 
Medical School, and still I have got a touch of chemistry in my present work. 
(Signed by) Behari Lal Das, Rajkumar Sen. 

Brenarmk&, Rosert, 141, Avenue du Roule, Neuilly-sur-Seine. Frangais. 
Directeur de la Parfumerie, Houbigant. (Signed by) C. 8. Gibson. 

CHALMERS, WitiiAM, Dept. of Chemistry, McGill University, Montreal, 
Canada. Scotch. Graduate Student. B.A., M.A. University of British 
Columbia. Two papers, published in Trans. Roy. Soc. Canada, 3rd Series, 
XX, 337, and 3rd Series, XXII, 69. Candidate for the degree of Ph.D. at 
McGill University. Canadian Government research fellow. (Signed by) 
Alfred Stansfield. 

FourNEAU, Ernest, Institut Pasteur, 26, rue Dutot, Paris, XVe. Frangais. 
Chef de laboratoire a l'Institut Pasteur. (Signed by) C. S. Gibson, A. Chaston 
Chapman. 

Gavutt, Professor Henri, Société des Usines Chimiques Rhéne-Poulenc, 
St. Fons (Rhéne), France. French. Scientific Director of Chemical Research 
in the above company and Professor in the University of Strasbourg. Membre 
de la Sté Chimique de France, Sté de Chimie Industrielle, Deutsche Chemische 
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Gesellschaft, American Chemical Society, Institution of Petroleum Tech- 
nologists. (Signed by) W. J. Pope. 

GILLIES, JoHN Horne, 1, Elmwood Avenue, Norwood, Delaware County, 
Pennsylvania, U.S.A. British subject. Analytical Chemist. ‘“‘ A.M.A.Sc.”’ 
Academician, Maryland Academy of Sciences. Assistant Chemist, three 
years, R. R. Tatlock & Thomson, Analytical Chemists, Glasgow, Scotland 
(Analysis of Food and Drugs). Assistant Chemist, one year, Wiley & Co., 
Inc., Analytical Chemists, Baltimore, Md., U.S.A. (analysis of fertilisers and 
fertiliser materials). Chemist, two years, Bowker Chemical Company, 
Baltimore, Md., U.S.A. (analysis of insecticides and fungicides). Chemist, 
Research Department, General Electrical Company (U.S.A.), Philadelphia 
Works, Pennsylvania, U.S.A. (ferrous and non-ferrous alloys, oils, and paints) 
present position. (Signed by) R. T. Thomson, Alfred R. Campbell. 

GLuuD, WiutHELM, Preussischestr. 15, Dortmund-Eving, Germany. 
Deutsch. Chemiker Direktor der Ges. f. Kohlentechnik, Dortmund-Eving 
a.o. Professor a.d. Universitat, Miinsteri/W. Dr. phil. J.C.S., 1913, 103, 940, 
1251, 1530; Proc. Chem. Soc., 1913, 29, 177. (Signed by) Jocelyn Thorpe. 

GRANT, THoMAS ALEXANDER, 63, East Street, Kingston, Jamaica, B.W.I. 
British Subject. Pharmaceutical Chemist. Registered Pharmaceutical 
Chemist and recognised Teacher of Pharmacy by the Government of Jamaica. 
(Signed by) Geo. A. Pemberton Wright. 

KEENE, JoHN, 80, Muswell Hill Road, N. 10, and 22, Corso Cavallotti, San 
Remo, Italy. British. Doctor of Chemistry, Royal University of Pisa, 
Italy. (Signed by) P. H. Woodnoth, J. G. Everett. 

SanyaL, JNAN RanJAan, 239/37th Street, Rangoon, Burma. Indian 
(Bengalee). Assistant Chemist, Harcourt Butler Institution of Public Health, 
Burma. B.Sc. (Calcutta) in 1921. Chemist in Roy B. C. Banerjee’s Dyeing 
Factory, Naihati, Bengal, for over one year. Officiated as Assistant Chemist 
in Harcourt Butler Institute of Public Health for eight months in 1928. 
(Signed by) Mg. Thein Kin, Ganesh Chandra Moitra. 
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I. Donations. 

ABDERHALDEN, Emix. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden. Teil Il, Heft 
iv. Berlin 1929. pp. 633 to 875. M. 12. 

Abt. ITI. Physikalisch-chemische Methoden. Teil B, 
Heft 5. Berlin 1929. pp. 721 to 875. M.9. (Recd. 11/10/29.) 
From the Publishers : Herren Urban & Schwarzenberg. 

ABSTRACT OF THE LITERATURE OF INDUSTRIAL HYGIENE. Sup- 
plementary to the Journal of Industrial Hygiene. Vol. X, No. 7, 
etc. Boston, Mass. 1928+. (Reference.) 

From the Bureau of Chemical Abstracts. 

AtapIn. Technisch verwendbare Emulsionen mit besonderer 
Beriicksichtigung der bituminésen Emulsionen. Auf Grund der 
deutschen und auslaindischen Patentliteratur. Berlin. [1928.] 
pp. 314. M.20. (Reed. 31/10/29.) From Dr. W. Clayton. 
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ArnptT, Frirz. Kurzes chemisches Praktikum fiir Mediziner und 
Landwirte. 10th to 13th edition. Berlin 1929. pp. viii + 100. 
M.4.30. (Recd. 25/10/29.) 

From the Publishers : Herren Walter de Gruyter & Co. 

CLOWEs, FRANK, and CoLEMAN, JOSEPH BERNARD. Elementary 
analytical chemistry, qualitative and quantitative. 11th edition. 
Revised by Francis ARNALL and FREDERICK NORMAN APPLEYARD. 
London [1929]. pp. xiv + 246. ill. (Reed. 25/10/29.) 

From the Publishers : Messrs J. & A. Churchill. 

DAMPIER-WHETHAM, WittiaAM CrectmL Dampier. A history of 
science and its relations with philosophy and religion. Cambridge 
1929. pp. xxii+ 514. ill. 18s. net. (Recd. 25/10/29.) 

From the Syndics of the Cambridge University Press. 

GILDEMEISTER, EpuarD, and HorrmMann, FRIEDRICH. Die 
atherischen Ole. 3rd edition. Vol. II. Miltitz bei Leipzig 1929. 
pp. xxiv + 959. (Recd. 12/11/29.) 

From the Publishers : Herren Schimmel & Co. 

Hepees, Ernest SypNrEy. Intermediate practical chemistry. 
London 1929. pp. viii-+ 119. ill. 5s. net. (Recd. 16/10/29.) 

From the Author. 

H.M. Treasury. Commitiee of Civil Research. Report of 
the Research Co-ordination Sub-committee. London 1928. pp. 
76. 2s. 6d. net. (Recd. 28/10/29.) From the Committee. 

JOURNAL OF INDUSTRIAL HYGIENE. Vol. X, No.7,etc. Boston, 
Mass. 1928 +. (Reference.) 

From the Bureau of Chemical Abstracts. 

MARTINDALE, WILLIAM Harrison, and Westcott, WILLIAM 
Wynn. The extra pharmacopeia. 19th edition. Vol. II. 
London 1929. pp. xxxviii-+ 759. (Reference.) 22s. 6d. net. 

From the Publishers : Messrs. H. K. Lewis & Co. 

PARTINGTON, JAMES Rippick. Everyday chemistry. 3 vols. 
London 1929. pp. viii + 668+ vi. ill. 3s8., 3s8., 2s. 6d. net. 
(Recd. 11/10/29.) From the Author. 

PovcHER, WILLIAM ARTHUR. Perfumes, cosmetics and soaps, 
with especial reference to synthetics. 2nd edition. 2 vols. London 
1925—26. pp. x-+ 298, xvi+ 406. ill. 16s., 21s. net. (Second 
copy.) (Recd. 21/10/29.) From Dr. T. A. Henry. 

SuepEN, SaMvuEL. The parachor and valency. London 1929. 
pp. viii + 224. ill. 12s. 6d. net. (Recd. 12/11/29.) 

From the Publishers: Messrs. George Routledge & Sons. 

TSCHITSCHIBABIN, ALEXAI EUGENIEVITSCH. Elementary funda- 
mentals of organic chemistry. Moscow 1929. pp. xxiv + 839. 
ill. [In Russian.] (Reed. 12/11/29.) From the Author. 

[Un1TED States] NationaL RESEARCH CouNcIL. Committee on 
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X-Rays and Hadioactivity. Radioactivity. By Atois F. Kovarik 
and Louis W. McKernan. (National Research Council Bulletin 
No. 51.) 2nd printing with additions and corrections. Washington 
1929. pp. viii + 203. $2.50. (Recd. 11/10/29.) 
From the Bureau of Chemical Abstracts. 
WinteR, Frep. Handbuch der gesamten Parfumerei und 
Kosmetik. Wien 1927. pp. x+ 947. ill. M.69. (Recd. 
21/10/29.) From Dr. T. A. Henry. 


II. By Purchase. 

BraR, FrrMAN E. Theory and practice in the use of fertilizers. 
New York 1929. pp. viii + 348. ill. 20s. net. (Recd. 17/10/29.) 

BECHHOLD, HetnricH. Die Kolloide in Biologie und Medizin. 
5th edition. Dresden 1929. pp. xii+ 586. ill. M.35. (Reed. 
4/11/29.) 

Bere, GErorG. Vorkommen und Geochemie der mineralischen 
Rohstoffe. Einfiihrung in die Geochemie und Lagerstittenlehre. 
Leipzig 1929. pp. x +414. ill. M.28. (Recd. 6/11/29.) 

Bueer, GuNnTHER. [Editor.] Das Buch der grossen Chemiker. 
Vol. I. Von Zosimos bis Schénbein. Berlin 1929. pp. xii + 496. 
ill. M.24. (Recd. 28/10/29.) 

CLARK-KENNEDY, ARCHIBALD Epmunp. Stephen Hales, D.D., 
F.R.S. An eighteenth century biography. Cambridge 1929. pp. 
xii+ 256. ill, 15s. net. (Recd. 17/10/29.) 

CorHN, ALFRED, JUNG, GERHARD, and DaIMER, JosEF. Photo- 
chemie und photographische Chemikalienkunde. (Handb. wiss. 
angew. Photographie Vol. III). Wien 1929. pp. x + 296. ill. 
M. 30.80. (Recd. 4/11/29.) 

CROWTHER, JAMES ARNOLD. Ions, electrons, and ionizing 
radiations. 5th edition. London 1929. pp. xii+ 354. ill. 
12s. 6d. net. (Recd. 18/10/29.) 

DesyeE, Peter. Polar molecules. New York 1929. pp. 172. 
ill. 14s. 6d. net. (Recd. 17/10/29.) 

DownatH, Epvarp, and Lzoretp H. Der Braunstein und seine 
Anwendungen. (Sammlung. New Series Vol. I). Stuttgart 1929. 
(Reference.) 

Ecrr, Geore. Das Scheiden der Metalle durch Elektrolyse. 
Halle (Saale). 1929. pp. viii+ 120. ill, M.13. (Reed. 
12/11/29.) 

Evers, NorMAN, and Eitspon, GEorGE Davipson. The analysis 
of drugs and chemicals. London 1929. pp. x + 372. ill. 25s. 
net. (Recd. 17/10/29.) 

FARRELL, FranK J. Dyeing and cleaning : a practical handbook. 
ith edition, entirely re-written by FRANKLIN J. WALKER. London 
1929. pp. xiv + 328. ill. 12s. 6d. net. (Recd. 18/10/29.) 
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Faust, Orro. Artificial silk. Translated from the German by 
Ernest Fyteman. London 1929. pp. viii + 184. ill. 10s. 6d. 
net. (Recd. 18/10/29.) 

GRIFFITH, ROBERT OWEN, and McKrown, A. Photoprocesses in 
gaseous and liquid systems. (Textbooks of Physical Chemistry.) 
London 1929. pp. viii + 691. ill. 25s. net. (Recd. 4/11/29.) 

HERMANSEN, A. Industrial furnace technique. Translated from 
the Swedish. London 1929. pp. xii + 293. ill. 25s.net. (Reed. 
21/10/29.) 

LIPPMANN, EDMUND OsKAR VON. Geschichte des Zuckers seit 
den altesten Zeiten bis zum Beginn der Riibenzucker-Fabrikation. 
2nd edition. Berlin 1929. pp. xii + 824. ill. M. 68.60. (Reed. 
4/11/29.) 

Metcutor, Pavuxt. Aluminium. Die Leichtmetalle und _ ihre 
Legierungen. Berlin 1929. pp. x-+ 280. ill. M.15. (Reed. 
4/11/29.) 

NEUBURGER, Maximiiian CamiLto. Réntgenographie der 
Metalle und ihrer Legierungen. (Sammlung. New Series. Vol. 
1.) Stuttgart 1929. ill. (Reference.) 

Onstow, MurieEL WHELDALE. Practical plant biochemistry. 
3rd edition. Cambridge 1929. pp. viii + 206. 12s. 6d. net. 
(Recd. 18/10/29.) 

PaRTINGTON, JAMES Rippick. Higher mathematics for chemical 
students. 3rd edition. London 1929. pp. vi+ 280. 7s. 6d. net. 
(Recd. 18/10/29.) : 

Pictet, AMf, and Vogret, Hans. Die Zuckeranhydride und ihre 
Verwendung zur Synthese von Disacchariden. (Fortschritte der 
Chemie, Physik und physikalischen Chemie. Vol. XX.) Berlin 
1929. 

Réunion INTERNATIONALE DE CHIMIE PHYSIQUE. Paris, 
8—12 Octobre, 1928. Rapports et discussions. [Activation et 
structure des molécules.] Paris 1929. pp. xii+ 572. ill. 
(Recd. 14/11/29.) 

Rooker, Wint1am A. Fruit pectin, its commercial manufacture 
and uses. Including a chapter on patents on the manufacture and 
use of pectin by Mito R. Daveuters. New York 1928. pp. 
x+170. ill. 26s. net. (Reed. 15/11/29.) 

Smitu, JoHN WitiiaAmM. The effects of moisture on chemical and 
physical changes. London 1929. pp. xii + 235. ill. 15s. net. 
(Recd. 16/11/29.) 

WaGNER, ALFRED. [Editor.] Die Riechstoffe und ihre Derivate. 
Abteilung I. Aldehyde der aliphatischen Reihe. Wien 1929. pp. 
xii + 404. ill. M.25. (Reed. 6/11/29.) 

Watt, Epwarp Joun. Photographic emulsions: their prepar- 
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ation and coating on glass, celluloid and paper, experimentally and 
on the large scale. [Philadelphia] 1929 pp. viii + 256. ill. 
21s. net. (Recd. 17/10/29.) 


III. Pamphlets. 

Extuis, W. C., Morean, F. L., and Sager, Gzoree F. The 
thermal conductivity of copper and nickel, and some alloys of 
nickel. (Rensselaer Polytechnic Inst. Bulletin, Eng. Sci. Series, 
No. 20.) 1928. 

Eyxkman, C. La métabolisme basal des habitants des pays 
tropicaux. (From the Med. Dienst Volksgesondheid Ned.-Indié, 
1928.) 

FRIEDEMANN, Wii1amM G. A method for comparing the value 
of ammonia nitrogen and nitrate nitrogen. (From Science, 1929, 
N.S. 70.) 

GHosH, SupHAMoy. A simple method for the estimation of 
antimony in organic antimony compounds. (From the Indian J. 
Med. Research, 1928, 16.) 

Gipps, Harry Drake, Hatt, W. L., and CiarK, WILLIAM 
MANSFIELD. Studies on oxidation-reduction. XIII. Preparation 
of indophenols which may be used as oxidation-reduction indicators. 
(U.S. Public Health Reports, 1928, Supplement No. 69.) 

GJALDB&ZK, J. K. Undersogelser over stedpudeantiseptika. 
I-III. (From the Dansk Tids. Farm., 1929.) [In Danish. English 
summaries. | 

Hatt, WatLace L., PreisLer, Paut W., and CoHEN, BARNETT. 
Studies on oxidation-reduction. XIV. Equilibrium potentials of 
2,6-dibromobenzenone indophenol-2’-sodium sulphonate, 2,6-di- 
bromobenzenone indophenol-3’-sodium sulphonate, 2,6-dichloro- 
benzenone indo-2’-chlorophenol, and 2,6-dimethylbenzenone indo- 
phenol. (U.S. Public Health Reports, 1928, Supplement No. 71.) 

HotmperGc, Bror. Triets kemiska spjalkning. (From the 
Svensk Pappers-Tidning, 1928.) 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. 
Ventilation conditions—normal and abnormal, and their investig- 
ation. By Ropert CHaRLEes FREDERICK. London 1929. pp. 36. ill. 

JoHNson, RowLanp NicHoLas, and Grpson, CHARLES STANLEY. 
The use of plaster of Paris and allied substances for dental models. 
(From the British Dental J., 1929.) ill. 

Kitagawa, Matsunosuxse. On the influence of hydrogen-ion 
concentration upon the inactivation of urease by some heavy 
metal salts. (From the J. Biochem. (Japan), 1929, 10.) 

On the signification of some auxosubstances in the urease 
reaction. (From the J. Biochem. (Japan), 1928, 9.) 
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Lane, Karu. Ueber thermische Reaktionen reiner organischer 
Substanzen unter hohem Wasserstoffdruck. Inaugural- Dissertation. 
Breslau 1929. pp. 41. ill. 

Marvusawa, Tsunrya, Narro, DEN-IcHI, and Ucuipa, JUN-ICcuHI. 
Beitrige zur Kenntnis des Sulfitzellstoff-Kochverfahrens. I Mit- 
teilung. Ueber die Einwirkung der Bisulfitlésungen auf Zucker- 
arten. (From the Mem. Ryojun Coli. Eng., 1929, 1.) 

Mines DEPARTMENT. Safety in Mines Researeh Board. Paper 
No. 52. The pressure produced on blowing electric fuse links and 
striking electric arcs in closed vessels. By G. Attsop. London 
1929. pp. 19. ill. 

— Paper No. 53. The ignition of firedamp. (A revision 
of S.M.R.B. Paper No. 8 of 1925.) By Husprert Frank Cowarp 
and RicHARD VERNON WHEELER. London 1929. pp. 40. ill. 

—— Paper No. 54. The ignition of firedamp by the heat 
of impact of metal against rock. By MauricE JOHN BURGESS and 
RIcHARD VERNON WHEELER. London 1929. pp. 25. ill. 

Ministry OF HeattH. Methods of chemical analysis as applied 
to sewage and sewage effluents. London 1929. pp.x-+ 71. ill. 

Morr, James. Colour and chemical constitution. Part XXIV. 
A complete investigation of the triphenylcarbinol or “ aniline ” 
dyes. (From the Trans. Roy. Soc. 8. Africa, 1928, 17.) 

MoRANI, VALENTINO. Ricerche sull’olio essenziale di “‘ Salvia 
officinalis L.”’ (From the Nuovi Ann. Agric., 1927, 7.) 

NaTIonaL Jornt INDusTRIAL CoUNCIL FOR THE FLOUR-MILLING 
Inpustry. Technical Education Series. Pamphlet No. 3. Flour 
quality, its nature and control. By Ernest ARTHUR FISHER. 
London 1929. pp. 56. 

OpsrnaTa, Icnt1. On the self-hardening property of chromium 
steel. (From the Mem. Ryojun Coll. Eng., 1928,1.) ill. 

Oaura, Tsutomu. Some dyke-rocks in Japan. (From the 
Mem. Ryojun Coll. Eng., 1928, 1.) ill. 

PENFOLD, ARTHUR Ramon. Preliminary note on the chemistry 
of concrete otto of Boronia megastigma (Nees). (From the J. Roy. 
Soc. W. Australia, 1927, 14.) 

Screntiric AND InpusTRIAL ResEaRcH, Department of. Food 
Investigation. Special Report No. 33. A critical and historical 
study of the pectic substances of plants. By Marjory HARRIOTTE 
Branroot (M. H. Carré). London 1929. pp. x + 154. ill. 

Special Report No. 35. Heat insulators. Report by 
the Engineering Committee on experiments made at the National 
Physical Laboratory by Ezzer Grirritus. London 1929. pp. 
viii + 96. ill. 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, December 5th, 1929, at 
8 p.m., Professor J. F. THorPe, C.B.E., D.Sc., F.R.S., President, in 
the Chair. 


The PrestDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Nadirshaw A. Masani June 20th, 1912. 1918. 
Hartley Shaw May 6th, 1920. March 6th, 1929. 


The following announcement was made : 


The Biochemical Society will hold a Dinner in honour of the four 
Nobel Laureates in Medicine and Chemistry, 1929, on Monday, 
February 3rd, 1930, at King Edward VII Rooms, Hotel Victoria, 
Northumberland Avenue, London, W.C. Sir Charles J. Martin, 
C.M.G., F.R.S., will preside and the guests of honour will be 
Professor C. Eijkman, Professor Hans von Euler, Professor Arthur 
Harden, F.R.S., Professor Sir Frederick Gowland Hopkins, F.R.S. 
Tickets for the Dinner will be 12s. 6d. each inclusive of gratuities, 
but exclusive of wines. Fellows of the Chemical Society, who are 
not members of the Biochemical Society, desiring to attend the 
Dinner should apply to Dr. C. R. Harington, “ Greenfield,”’ 
Boxmoor, Herts. enclosing remittance. 

The number of tickets is limited, and applications will be dealt 
with in the order in which they are received. In no case can 
applications received after Monday, January 20th, 1930, be 
considered. 


The following were formally admitted Fellows of the Chemical 
Society: C. S. Hicks, John V. Loach, C. G. Anderson, F. E. 
King, G. Discombe. 


Forms of recommendation for Fellowship were read for the first 
time in favour of : 
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John Stuart Anderson, B.Sc., A.R.C.S., 42, Grosvenor Road, Highbury, N. 5, 
Thomas Stewart Brechin, c/o Messrs. Miller & Co., Kandy, Ceylon. 
Geoffrey Herbert Cheesman, B.Sc., A.R.C.S., 9, Compton Road, Wimbledon, 


S.W. 19. 


Howard Augustus Costigan, Ph.D., 280, Wellington Road North, Heaton 


Chapel, Stockport. 


John Malcolm Davies, 33, Boverton Street, Cardiff. 

John Edward Mills, M.Se., 164, Willesden Lane, N.W. 6. 

George Christopher Hewson, Arran Street, Ballina, co. Mayo. 

Marjorie Winifred Odell, B.Sc., A.R.C.S., 67, Marlowes, Hemel Hempstead. 
Rosa Schalit, B.Se., A.R.C.S., 41, Eton Avenue, N.W. 3. 

Florence Mary Ellaline Shepherd, M.Sc., 54, Craignair Road, Tulse Hill, 


S.W. 2. 


Albert Edward Williams, 38, Cavendish Road, Chorlton-cum-Hardy, 


Manchester. 


Bernard Wyman, B.A., c/o Messrs. Brunner Mond & Co., Winnington Works, 


Northwich. 


Mr. H. Paget and Dr. J. G. F. Druce were elected Scrutators, and 
a ballot for the election of Fellows was held. The following were 
subsequently duly elected as Fellows : 


Alfred Edward Aldridge. 

Herbert Charles Baker, B.Sc. 

Atulpati Banerji, L.M.F. 

Mark Barent, B.Sc. 

Harry Barron, B.Sc. 

Robert Bienaimé. 

Frank Philip Bowden, M.Sc., Ph.D. 

Stanley Edward Boxer, A.R.C.S. 

Lindsay Heathcote Briggs, M.Sc. 

John Henry Brightman, B.Sc. 

Frederick Walter Canter, B.Sc. 

William Chalmers, M.A. 

Wilfrid Herbert Cliffe. 

Francis Henry Swinden Curd, B.Sc. 

Walter Cule Davies, B.Sc., Ph.D. 

Charles Edward Duce. 

John Farquharson, B.Sc., A.I.C. 

Ernest Fourneau. 

Dorothy Lilian Fox, B.Sc. 

Henri Gault. 

John Horne Gillies, A.M.A.Sc. 

Wilhelm Gluud, Dr. Phil. 

Henry Alexander Sherwin Gothard. 

Thomas Alexander Grant. 

John Graymore, M.Sc., A.I.C. 

Frank Arnold Greene, M.I.Mech.E., 
M.I.E.E., M.I.Chem.E. 

Oscar Vincent Hellestrand. 

Eric Frank Hersant, B.Pharm. 

Alfred Harold Holden, B.Sc. 

Duncan Hunter. 


Robert Ewen Jeffery. 

John Keene, D.Chem. 

Auguste Victor Keller. 

Chika Kuroda, D.Sc. 

Leopold Ferdinand Levy, M.Sc. 

Ellis Lloyd, B.Se., Ph.D. 

Robert Winstanley Lunt, 
Ph.D. 

Alexander Mackie, Ph.D., A.I.C. 

Albert Reginald McLeod, M.D., C.M. 

John Gordon Malloch, M.Sc., Ph.D. 

Elizabeth Esther Jessie Marler, B.Sc. 

Frederick Cecil Barron Marshall, B.Sc. 

Alfred Ronald Martin, B.Sc. 

Owen Mathias, M.Se.Tech., A.I.C. 

Faqir Chand Mathur, M.Sc. 

Thakorghai Naranji Mehta, B.A., 
B.Se. 

James Midgley, M.Sc., A.I.C. 

Ernest John Miller, B.Sc. 

Agnes Gellatly Mitchell, B.Sc. 

Walter Mitchell, B.Sc. 

Arthur Williams Morgan. 

James Robertson Myles, B.Sc. 

Basanta Kumar Pal, M.Sc. 

Donald Waring Powell, B.Sc. 

Francis Thomas Garnet Prunty. 

Basrur Sanjiva Rao, M.A., Ph.D. 

Eric Samuel Richards. 

Patrick Dunbar Ritchie, B.Sc. 

Conmar Robinson, Ph.D., A.I.C. 


M.Se., 
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Jnan Ranjan Sanyal, B.Sc. Alfred Pattinson Telford. 

Ramanlal Chhaganlal Shah, B.A., Frederick Charles Thompson, M.Sc. 
M.Se. Albert Reuben Tremain, B.Sc. 

Frank Sharples, Assoc. M.C.T. Frederick Thomas Trustrum. 

Ernest Woodhouse Smith, D.Sc., Sidney Charles Gunther Tweedy. 
F.1.C. Adipudi Vasundhara, B.A. 

Wilfrid Devonshire Spencer, Ph.D. Hubert Bradford Vickery, B.A., 

Roger Stansfield. M.Sce., Ph.D. 

Richard John Stephenson, B.Sc. Clifford Rex Wright, A.R.C.S. 

Katherine Frieda Taylor, Ph.D. 


The following papers were read : 


“ Passivity of metals. Part III. The quantity and distribution of 
the superficial oxide.” By U. R. Evans and J. STOCKDALE. 

“The argentothiosulphuric acids and their derivatives. Part I. 
The preparation of the sodium salts and the isolation of mono- 
argentomonothiosulphuric acid.” By H. Barnss. 

“Sugar carbonates. Part IV. The dicarbonates of glucose, 
fructose, mannose, galactose, and arabinose.” By W. N. 
HawortH and C. R. Porter. 

“Tsolation of crystalline «- and §-ethylglucofuranosides (y-ethyl- 
glucosides) and other crystalline derivatives of glucofuranose.” 
By W. N. Hawortsu and C. R. Porter. . 





Ordinary Sc.entific Meeting, Thursday, December 19th, 1929, 
Professor J. F. Tuorpr, C.B.E., D.Sc., F.R.S., President, in the 
Chair. 


The PrestpEent referred to the loss sustained by the Society, 
through death, of the fcellowing Fellows :— 


Elected. Died. 


William Harold R. Allen Dee. Ist, 1904. Jan. 25th, 1929. 
Frederick W. Dootson Feb. 17th, 1897. Dec. 12th, 1929. 


It was announced that : 


1. The Harrison Memorial Prize Selection Committee consisting 
of the President of the Chemical Society (Professor J. F. Thorpe, 
C.B.E., D.Sc., F.R.S.), the Institute of Chemistry of Great Britain 
and Ireland (Professor Arthur Smithells, C.M.G., D.Sc., F.R.S.), 
the Society of Chemical Industry (Dr. Herbert Levinstein), and 
the Pharmaceutical Society (Mr. L. Moreton Parry), had awarded 
the Harrison Memorial Prize for 1929 to Dr. Reginald Patrick 
Linstead. 

The Prize is given for conspicuously meritorious work in any 
branch of chemistry pure or applied, and is to be regarded as an 





exceptional distinction to commemorate an exceptional man and 
to be conferred upon the young chemist under thirty years of age 
who, in the opinion of those best qualified to judge, has made a 
notable addition to our knowledge of chemistry. 

The presentation of the Prize will be made at the Annual General 
Meeting of the Chemical Society, on Thursday, March 27th, 1930, 
at 4 p.m. 

2. The Hugo Miiller Lecture, entitled ‘‘ The Chemistry and Geo. 
chemistry of the Titanium Group,’’ will be delivered by Professor 
G. von Hevesy on Wednesday, March 26th, 1930, at 5.30 p.m. 
at a place to be announced later. Tickets of admission will not 
be required. 

The following were formally admitted Fellows of the Chemical 
Society : H. Alec S. Gothard, H. Rowland Hill, R. C. Shah, T. N. 
Mehta, F. C. B. Marshall, L. F. Levy, M. Barent. 

Forms of Recommendation for Fellowship were read for the first 
time in favour of : 


Harold Cordingley, B.Sc., Hawksworth Avenue, Guiseley, Leeds. 

Mohammad Qamrud Doja, B.A., B.Sc., Doja Buildings, P.O. Bankipore, 
Patna, India. 

Cecil Philip Ellis, B.®c., A.I.C., School for Sons of Chiefs, Bo, Sierra Leone. 

Nellie Ivy Fisher, B.Se., A.R.C.S., 127, Wellesley Road, Ilford. 

Giichiro Fuseya, Prof., Kogakubu, Tohoku Imperial University, Sendai, 
Japan. 

Leslie Hey, B.Sc., 11, Sholebroke Place, Chapeltown, Leeds. 

John Hunter, B.Se., A.I.C., 17, Brunswick Road, Withington, Manchester. 

Francis George Lamont, M.Sc., 81, St. George’s Road, S.W. 1. 

Sayed Mosallam, B.Sc., Sedfa, Eldwair, Egypt. 

Edmund Brodie Robinson, B.Sc., A.I.C., Van Ryn, Glencroft Terrace, 
Darlington. 

Albert Towers, M.Sc., 9, Cambridge Street, Guiseley, Leeds. 

Harold Kenneth Whalley, B.A., B.Sc., Pembroke College, Cambridge. 


The following papers were read : 


“‘ The influence of hydrogen and of water vapour on the ignition 
of carbon monoxide.” By A. SmitHeLis, H. WHITAKER, and 
Miss T. Houmgs. 

“The parachor and chemical constitution. Part XIV. Tellurium 
compounds.” By F. H. Bursratt and 8. SuepeEn. 

“Studies in ‘strainless’ rings. Part Il. .The effect of trans- 
decalin on the carbon tetrahedral angle.” By K. A. N. Rao. 

“ Synthesis of 1 : 2-thiol-histidine.’ By J. N. AsHiey and C. R. 
HaRINGTON. 

“* 2-Thiol-4(5)-8-aminoethyl glyoxaline (2-thiolhistamine).” By 
F. L. Pyman. 
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The Council has made the following Grants from the Research 


Fund : 


Separation of hydrocarbon mixtures. H. Barron. (E. Lond. 
Coll.) oun bed ina ove 
Unsaturated mono- ond di- basie acids. S. E. Boxer. (Imperial 
Coll.) om ae lia 
Halogenation of anilides and phenolic ethers. A. E. Bradfield. 
(Univ. Coll., Bangor.) mr axe ons 

Hydroxy carbinet compounds. F. W. Canter. (E. Lond. Coll.) 

Orienting influence of groups containing sulphur and selenium 
when attached to the benzene nucleus. F. Challenger. 
(Manchester Univ.) wie 

Solubility and electric conductivity of ealts is in  snhydrous hydrogen 
cyanide. J. E. Coates. (Univ. Coll., Swansea) 

Bacterial fermentations. R.P. Cook. (Sir William Denn Inst., 
Cambridge ‘a ies 

Hydroxy carbonyl oompownda. F. H. Curd. (E. Lond. Coll.) 

Alkylation of dihydroresorcinols. R.D. Desai. (Imperial Coll.) 

Isocholesterol and other sterols—their isolation and relation to 
cholesterol. C. Dorée. (Chelsea Polytech.) .. . 

Resolution into optically active isomerides of certain compounds 
of ee ae H. D. K. Drew. ere 
Univ.) 

Order of directive power of oxygen end sulphur (neutral) in 
aromatic substitution. G. W. Fenton. sn Staffs. Tech. 
Coll.) oe a ome aoe 

Investigation of diaryl othete, Miss D. L. F ox. "(Bedford Coll.) 

Three carbon tautomerism. H. B. Fraser. (Imperial Coll.) 

Kinetics of oxidation by alkaline permanganates. Miss C. M. 
Groocock. (Leeds Univ.) 

Chemical dynamics of the reactions between. sodium m- xylenolate 
and alkyl iodides. P. J. Hardwick. (Chelsea Polytech.) .. 
Vapour pressure of water at 25° C. over aqueous solutions of 

metallic chlorides. J. R. I. Hepburn. (Northern Polytech.) 

Degradation of ammonium and phosphonium compounds. L. 
Hey. (Leeds Univ.) . 

Substituted aromatic aldehydes in Hantasch’s pyridine condens- 
ation (contd.). L. E. Hinkel. (Univ. Coll., Swansea) 

Synthetic uses of the chloro-ethylenes. L. Hunter. (Univ. Coll., 
Leicester) .. 

(a) Chemistry of eytisine ond related alkaloids. “(b) Chernical, 
physical, and pharmacological investigations of quaternary 
ammonium bases. H.R. Ing. (Univ. Coll., Lond.) 

Mutual solubility of the isomeric butyl alcohols. D. C. Jones. 
(E. Lond. Coll.) . - +e sau ons oie 

Investigation of tertiary phosphines. Ww. J.Jones. (Univ. Coll., 
Cardiff) ... 

Effect of trans- hexahydeohydrindens on the carbon tetrahedral 
angle. A. Kandiah. (Imperial Coll.) 

Syntheses of derivatives of quinoline likely to possess onti- 
malarial action. W.O.Kermack. (R. Coll. of Phys., Edin- 
burgh) eee eee eve eee ove eee 


ae a 3 


5 0 
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Isomeric changes in unsaturated dibasic acids and the corre- 
sponding monobasic acids. J.T.W.Mann. (Imperial Coll.) 

Investigation of diphenyl derivatives. Miss E. E. J. Marler. 
(Bedford Coll.) 

Addition of hydrogen bromide ‘to substituted butadienes. 
F. C. B. Marshall. (Imperial Coll.) 

Exploration of methods for the synthesis of guaiacetic ecid ina 
pyroguaiacin. A. R. Martin. (E. Lond. Coll.) 

Addition of esters to substituted sorbic esters. T. N. Mehta. 
(Imperial Coll.) oe 

Mechanism of the formation of aloohols § in sie Hoffman degred- 
ation. C. 8. Patel. (Leeds Univ.) a + 

Co-ordination compounds of platinum and palladium. FE. Wie 
Pinkard. (Birmingham Univ.) 

Orientation in the addition of hydrogen halides to simple end 
conjugated unsaturated systems. Miss E. Ramsden. 
(Leeds Univ.) = rom ae ne 

Hydroxy carbonyl compounds. A. Robertson. (E. London 
Coll.) 

Attempt to synthesise diterpenes and diterpene alcohols. “Ww. F 
Short. (Univ. Coll., Auckland) “a 

Effect of the solvent on reaction velocity. F. G. Soper. " (Univ. 
Coll., Bangor) ‘ eee 

Hydroxy benzene éehoxylic adie. R. ‘J 4 Stephenson. (E. 
Lond. Coll.) . ' ; 

Determination of the partial ‘vapour peeisare curves in certain 
systems. M. Stern. (E. Lond, Coll.) 

Transference of water; its dependence on the nature of ‘the ions, 
and the concentration and temperature of the solutions 
used, Miss M. Taylor. (Bristol Univ.) 

Influence of solvent on the reaction between Qiignerd senaiun 
and activated >CH, and >CH groups. 8S. H. Tucker. 
(Glasgow Univ.) .. as vy ne Bre ioe 

Bivalency of carbon (contd. ). the M. Ward. ates John Cass Tech. 
Inst.) : 

Estimation of nuclear reactivity in nitration of mono- eubstituted 
benzenes. D. Ward. (Leeds Univ.) 

Stereochemistry of co-ordination compounds of platine and 
palladium. W. Wardlaw. (Birmingham Univ.) 

Additive properties of conjugated compounds. F. L. Warren, 
(Imperial Coll.) wt “s ve iii a pm 

Studies in the glucoside series. R.B. Waters. (E. Lond. Coll.) 

Non-aqueous solutions. R. J. Winterton. (E. Lond. Coll.) 

A reinvestigation of the glutaconic acid problem. C. R. Wright. 
(Imperial Coll.) : se eee wae ie eee 
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ANNUAL REPORTS ON THE PROGRESS OF 
CHEMISTRY. 


Fellows are reminded that applications for the Annual Reports 
for 1929, Volume XXVI, at 5s. 6d. per copy, should be received 
by Mr. 8. E. Carr without delay. Application must be accompanied 
by a remittance for 5s. 6d. 





List of papers, or abstracts thereof, received between November 
9st, 1929, and December 19th, 1929. This list does not include the 
titles of papers which have been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal : 


“The action of bromine upon the p-tolylhydrazones of benzalde- 
hyde and of the nitrobenzaldehydes.” By F. D. Coattaway 

| and A. B. Apamson. 

“The chlorination of anilides. Part VI. The rates of N-chlorin- 
ation of acetanilides and acetobenzylamides and the effects of 
substituents upon side-chain reactivity.” By G. WILLIAMS. 

“The vapour density of zirconium tetrachloride.” By J. A. N. 
Frrienp, A. T. W. Cotzey, and R. S. Hayes. 

“The isomerism of the oximes. Part XXXVIII. Alkyl-p-nitro- 
benzaldoximes, O- and N-alkylhydroxylamines, and sulphime- 
S-ethers.” By O. L. Brapy and F. H. Peak. 

“The methylation of the oximes of benzil. Part II. The mono- 
methyl ethers of the benzildioximes.” By O. L. Brapy and 
M. M. Mouzrs. 

“The reaction of cupric chloride and hydrazine sulphate.” By 
T. IREDALE and C. E. Maen. 

“Internal equilibrium in sulphur. Part II. Amorphous sulphur 
(S) as a gel and the Tyndall effect in liquid sulphur.” By D. L. 
Hammick and M. ZvEGINTZzOV. 

“The solubility of sodium thiocyanate in alcohol.” By J. R. 
PARTINGTON. 

“Reduction products of the hydroxyanthraquinones. Part XI.” 
By E. J. Cross and A. G. PERKIN. 

“The parachor of chlorine dioxide.” By G. H. CHEESMAN. 

“The study of nitrous acid as a nitrating agent. Part I. The 
nitration of dimethyl-p-toluidine.” By H. H. Hopeson and 
A. KERsHaw. 

“Hydroxyamino-acids.” By W. J. N. Burcu. 

“The interaction of ethyl 1-mandelate and thionyl chloride in the 
presence of pyridine. The mechanism of the replacement of 
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hydroxyl by chloro-groups by means of thionyl chloride.” By 
J. Kenyon, A. G. Lipscomse, and H. Parxies. 

“Lichen acids. Part I. Derivatives of §-orcinol.” By 4 
RoBERTSON and R. J. STEPHENSON. 

“The formation of glyoxalosazones by the interaction of dichloro. 
acetaldehyde and aryl hydrazines.”” By F. D. Cuarraway 
and L. H. FaRrNHottr. 

“Colour reaction for some arsinic acids.” By I. E. Bataan. 

“A new method for the preparation of 4- and 6-hydroxy-3-nitro. 
phenylarsinic acids.” By I. E. BauaBan. 

“Syntheses of cyclic compounds. Part VI. A contribution to 
the chemistry of the 2-, 3-, and 4-methylcyclohexanones.” By 
A. I. Vocet and M. P. OoMMEN. 

“An apparatus for the determination of solubility.” By A. N. 
CAMPBELL. 

“ Substituted diaryl ethers. Part III. A new synthesis of sub. 
stituted xanth-hydrols.” By J. Remy and P. J. Drumm. 

“Properties of conjugated compounds. Part IX. Addition of 
bromine to «ad-xy- and #y-dimethylbutadienes.” By E. H. 
Farmer, C. D. LAWRENCE, and W. D. Scort. 

“An improved receiver for vacuum distillation.” By G. A. R. 
Kon. 

“ Derivatives of lyxofuranose.” By H. G. Borr, E. L. Hirst, 
and J. A. B. Suir. 

“The action of substituted aromatic amines on camphoric an- 
hydride, hydroxy-, methoxy-, and ethoxy-camphoranilic acids, 
and camphoro-methoxy, and ethoxy-phenylimides.” By M. 
Smnex and R. Srneu. 

*Anserine.” By F. L. Pyman. 

** The heats of association of acetic and heptylic acids in the vapour 
state.” By Miss T. E. Fenton and W. E. Garner. 

“The p-aminophenol arsinic acids.” By M. A. Paris. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 

ABDERHALDEN, Emi. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt.I. Chemische Methoden. Teil 11, Heft v. 
Berlin 1929. pp. 877 to 1068. MM. 10. 

From the Publishers : Herren Urban & Schwarzenberg. 

HiILLEBRAND, WILLIAM Francis, and LunpELL, Gustave ERNs? 
Frep. Applied inorganic analysis: with special reference to the 





analysis of metals, minerals and rocks. New York 1929. pp. xx + 
929. 42s. 6d. net. (Recd. 28/11/29.) 
From the London Publishers : Messrs. Chapman & Hall. 
HINSHELWOoD, Cyrm Norman. The kinetics of chemical 
change in gaseous systems. 2nd edition. Oxford 1929. pp. 
viii + 266. ill. 12s. 6d. net. (Recd. 21/11/29.) 
From the Publisher : Mr. Humphrey Milford. 


Il. By Purchase. 


BreNNION, EpmMuND Baron. Breadmaking, its principles and 
practice. London 1929. pp. viii+ 251. ill. 15s. net. (Recd. 
91/11/29.) 

CLARK, ALFRED JosEPH. Applied pharmacology. 3rd edition. 
London 1929. pp. xii + 529. ill. 15s. net. (Recd. 21/11/29.) 

GEE, GrorGE E. Gold alloys, their manufacture and application. 
London 1929. pp. viii + 336. ill. 16s. net. (Reed. 21/11/29.) 

MANTELL, CHARLES LeETNAM., Tin: its mining, production, 
technology, and applications. (Anerican Chemical Society Mono- 
graph Series.) New York 1929. pp. 366. ill. 29s. 6d. net. 
(Reed. 22/11/29.) 

Maver, Lucten. Les industries de l’azote. Paris 1929. pp. 
xliv + 684. ill. 160 fr. (Reed. 21/11/29.) 

Norp, F. F. Mechanism of enzyme action and associated cell 
phenomena. [Baltimore, Md.] 1929. pp. x +78. ill. 9s. net. 
(Recd. 21/11/29.) 

SmitH, THomas Brooks. Analytical processes. A _ physico- 
chemical interpretation. London 1929. pp. viii + 373. ill. 
12s. 6d. net. (Reed. 21/11/29.) 

Wetits, Harry Gipzon. The chemical aspects of immunity. 
2nd edition. (American Chemical Society Monograph Series.) 
New York 1929. pp. 286. 25s. net. (Reed. 21/11/29.) 

Witson, Jonn ArtHur. The chemistry of leather manufacture. 
2nd edition. Vol. If. New York 1929. pp. 499 to 1181. ill. 
42s. net. (Recd. 4/12/29.) 


III. Pamphlets. 


AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Pamphlet No. 13. The mechanical analysis 
of soils. By C. S. Preer and H. G. Pootr. Melbourne 1929. 
pp. 19. ill. 

KULLGREN, CaRL, and Typ&n, Hipinc. Uber die Bestimmung 
von Pentosanen. (From the Handl. Ing. Vetensk. Akad., No. 94, 
1929.) ill. 
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MepicaL ResEarcH Councit. Special Report Series No. 135, 
The carbohydrate content of foods. By R. A. McCancs and R. D, 
LAWRENCE. London 1929. pp. 73. ill. 

MINISTRY OF AGRICULTURE AND FisHERIES. Research Mono. 
graph No. 6. <A survey of the soils and fruit of the Wisbech Area. 
By C. Wrieut and J. F. Warp. London 1929. pp. 71. ill. 

Miscellaneous Publications No. 65. Variations in the 
composition of milk. London 1929. pp. 19. ill. 

Rorro, A. H., and Correa, L. M. Uber die .Zerstérung des 
Cholesterins durch die Réntgenstrahlen “in vitro.” (From the 
Fortschr. Gebiete Réntgenstrahlen, 1929, 39.) ill. 

ScrENTIFIC AND INDUSTRIAL RESEARCH, Department of. Food 
Investigation. Special Report No. 36. Postmortem changes in 
animal tissues—the conditioning or ripening of beef. By T. 
Moran and E. C. Smtr. London 1929. pp. viii + 64. ill. 

—— ——- Special Report No. 37. The handling and stowage of 
white fish at sea. By Aprian Lumiey, J. J. Piqgué, and Grorcs A. 
Reay. London 1929. pp. viii + 74. ill. 

—— Index to the literature of food investigation. No. I, 
etc. London 1929+. (Reference.) 

—— Forest Products Research. Bulletin No. 1. Dry-rot in 
wood. [By Prercy Groom and others.] London 1928. pp. vi+ 
24. ill. 

Fuel Research. Technical Paper No. 22. The reactivity 
of coke. 2.—The examination of a number of metallurgical cokes. 
By Joun Henry Jonzs, JAMES GRIEVE Kina, and Frank Sturpy 
SmnnatT. London 1929. pp. iv + 30. ill. 

—— Technical Paper No. 23. The fusion point of coal ash 
(Part I). By James Grieve Kina, AtFrep BLaAckiE, and JoHN 
O’NEILLE Miitorr. London 1929. pp. 19. ill. 

—— Water Pollution Research. Technical Paper No. 1. Water 
softening. The base-exchange or zeolite process: summary of 
existing knowledge. By A. R. Martin. London 1929. pp. iv + 
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